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SURFACE-WATER SEEPAGE INTO ANTHRACITE
MINES IN THE WYOMING BASIN,
NORTHERN FIELD

ANTHRACITE REGION OF PENNSYLVANIA'*
by
S. H. Ash ? and R. H. Whaite 3

Summary

HE MAGNITUDE of the anthracite industry’s drainage problem in the
T Northern field of Pennsylvania is realized when it is known that, for the

8-year period 1944-51, all pumping plants in this region pumped an
average volume of 112.5 billion gallons of water from the mines to the surface
cach year. This is over 214,000 gallons per minute pumped against an aver-
age hydrostatic head of 400 feet each year for that period (12).* By comparison,
Lake Wallenpaupack, the largest artificial body of water lying wholly in
Pennsylvania, contains 71 billion gallons of water in its 24-square-mile area;
the average volume of water pumped from the mines in the Northern field
ach year during the 8-year period was 58 percent more than the volume im-
pounded in Lake Wallenpaupack.

The natural configuration of the drainage area overlying the Northern
field subdivides the total area into two major drainage areas—the Lackawanna
River drainage area and the Susquehanna River drainage area overlying the
Wyoming Basin. Although the 169-square-mile drainage area overlying the
Wyoming Basin is slightly less than half that of the Lackawanna River drain-
age area (10), the total volume of water pumped to the surface from mines in
the Wyoming Basin is 21 percent more than the total volume pumped to the
surface from mines in the Lackawanna Basin. From this, it is apparent that
the Susquehanna River and the pervious deposits in the buried valley over
which it flows in its course across the coal measures of Wyoming Valley is the
greatest single source of mine water affecting mines in this area. Because of
its relatively flat terrain, the wide flood plain of Wyoming Valley does not
facilitate rapid runoff; consequently, much of the surface water seeps directly
into the buried-valley deposits and eventually into the mine workings.

Before a report outlining a solution of the mine-water problem can be
completed, the possibilities of preventing surface seepage by corrective meas-
ures at its source must be explored. There is little doubt that, in every in-
stance, water retained on the surface and diverted to surface-drainage channels
has been handled more economically than it would have been by pumping from
the mines. Some anthracite-mining companies have applied several types of
remedial measures to prevent or minimize surface and stream-bed seepages,
with generally good results (10, 16). This report reveals that about 20 per-
cent of the 70 miles of pervious stream beds examined between Pittston and
Glen Lyon has been improved.

This investigation suggests that the problem of preventing the inflow of
surface water into mine workings should be attacked jointly by the active
mining companies. The material is so arranged that it will serve as a guide
to determine the extent of surface-water seepage.

' Work on manuseript completed March 1953.
? Chief, Safety Branch, Health and Safety Division, Bureau of Mines, Washington, D. C.; senior engineer (R), U. 8.
Public Health Service, Washington, D. C.

3 Mir]ir_}g engineer, Anthracite Flood-Prevention Section, Bureau of Mines, \\'ilk(\s-lmrr(}, Pa.
¢ Italicized numbers in parentheses refer to items in the hibliography at the end of this report.



INTRODUCTION

The responsibility of the Federal Govern-
ment for developing an engineering method
that will prevent inundation of the Pennsyl-
vania anthracite mines and keep them in
operation has long been recognized (22). To
obtain a reliable picture of the anthracite-
mine-water problem and to solve that problem,
it is necessary to have factual data on surface-
water seepage into active, abandoned, and
flooded mines (1, 2,5, 6,7, 8, 9, 10, 14, 16, 23).

The Northern field is divided into two
basins—the Wyoming and the Lackawanna—
by a structural saddle, sometimes called the
“Moosic saddle,” near Old Forge. The Wy-
oming Basin extends from this saddle south-
westerly for 26 miles to Shickshinny (2, 5,
10, 15).

A study of surface-water seepage into an-
thracite mines in the Wyoming Basin of the
Northern field is part of a comprehensive study
of the anthracite-mine-water problem by the
Federal Bureau of Mines. Figure 1 is a map
showing the four anthracite fields.

Mine water originates as rainfall and collects
in mine workings as a result of stream-bed,
general surface, and barrier-pillar seepage
@, 8, 4,5, 8,9, 10, 11, 14, 15). Anthracite-
mining companies have spent considerable
money to prevent stream-bed and general
surface seepage (4, 7, 10, 14, 19, 23).

PURPOSE OF REPORT

The purpose of this report (the third in a
series on surface-water seepage, Bulletins 518
and 531 being the first and second) is to record
data obtained by engineers of the Federal
Bureau of Mines on stream-bed and general
surface seepage into mine workings in the
Wyoming Basin (4, 8, 9, 10, 13, 15). 'The data
so presented will be helpful in solving the mine-
water problem in the Wyoming Basin of the
Northern field.

These data show the volume and type of
seepage (stream, surface, or river) in the drain-
age area overlying the Wyoming Basin and
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4 SURFACE-WATER SEEPAGE INTO WYOMING BASIN ANTHRACITE MINES, PA.

form a sound basis for considering remedial
measures. They may be used for estimating
the capacity of proposed mine pumping plants.
They point to the value of repairing pervious
stream beds and surface areas overlying the
coal measures as part of the solution of the

mine-water problem affecting the mines in the
Northern field.

Figure 2 is a map of the Northern field,
showing the drainage area overlying the
Wyoming Basin, and the Lackawanna River
drainage area.

SCOPE OF REPORT

This report discusses the nature of stream-
bed and surface seepage problems and men-
tions remedial measures devised by some
anthracite-mining companies to prevent seep-
age of surface water into their mines. It sum-
marizes the engineering study on seepage of
surface water into mine workings underlying
the Wyoming Valley, conducted during 1950
and 1952 by engineers of the Federal Bureau
of Mines. To date, 111 streams have been
examined in the surface-drainage area over-
lying the Northern field, or approximately 32

percent of the streams in the anthracite region.
Fifty-nine streams (not including the Susque-
hanna River) overlying the Wyoming Basin
were investigated and are covered in this re-
port; these are shown in figure 3.

A reconnaissance was made of each stream
and its drainage area from where it enters the
coal measures to its confluence with a major
stream. Inhabitants of the affected locality
were queried as to the frequency of dry-stream-
bed occurrence and the extent of areas inun-
dated during flood periods.

A table for each stream and its drainage area
contains the following information:

(a) Square miles (total) of drainage area.

(b) Square miles of drainage area within limits of
coal measures.

(¢) Length of stream bed within coal measures.

(d) Length of pervious stream bed.

(e) Length of existent improvements.

(f) Estimated volume of surface and stream-bed
seepage into mine workings.

Tables summarize these data; identify the
estimated volume, source of seepage, and prob-
able receiving underground pools, drainage
tunnel, and pumping plants; and compare the
total estimated seepage to each pumping plant
with the volume of water pumped by each
plant during 1948.
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GENERAL DISCUSSION

The topography of the anthracite region is
typical of the Appalachian belt, of which it is
a part. The coal measures lie beneath the
synclinal axes of a number of the great surface
troughs that characterize the belt. The moun-
tains that surround the anthracite fields are
steep; the anthracite beds, which outcrop on
the sides of the mountains, dip to the valley
below, and any drainage into the valleys must
ﬂo)w over the coal measures (2, 10, 13, 16, 21,
27).

The coal measures comprising the anthracite
fields are crossed by 750 miles of rivers and
streams, ranging in size from such major
streams as the Susquehanna (North Branch),
Lackawanna, Lehigh, and Schuylkill to small
streams that traverse the coal measures (4, 10).
This report shows that the Susquehanna River
flows 16} miles in its course across the coal
measures in the Northern field and, with its
tributaries therein, drains a surface area of over
169 square miles. On the basis of 42.59 inches
of rainfall in 1948, recorded by the Wilkes-
Barre station of the Secranton-Spring Brook
Water Co., the 169-square-mile drainage area
received over 125 billion gallons of water.

Mine water originates as rainfall and collects
in mine workings as a result of general surface,
stream-bed, and barrier-pillar seepage (3, 4, 4,
8,10, 13, 14). These different types of seepage
can be attributed mainly to subsidence of the
strata and overburden composing the coal
measures, :

Subsidence is a consequence of mining (3, 4,
7, 10, 15, 21). Removal of support afforded
by anthracite beds eventually causes cracks
and fissures in and subsidence of strata over-
lying the beds. Cracks and fissures in the
rock cover provide openings for ground water
to enter into mine workings.

This study of surface-water seepage into
anthracite mines in the Wyoming Basin, com-
pleted in 1953, reveals that approximately 49
percent of the water pumped annually from
the mines in that area arrived underground
from the bed of the Susquehanna River.
Approximately 21 percent of the water pumped
came from the pervious beds of side streams.
The remaining 30 percent of the water pumped
was attributed to direct surface seepage.

Direct seepage of surface water into the
mine workings is hastened when man-made
facilities and operations, such as built-up areas,
railroad and highway embankments, mine

254469° —53——2

refuse dumps, stripping excavations, and spoil
banks alter the origina% drainage plan provided
by nature and tend to retard, and in many in-
stances block entirely, the natural flow of water
from the hillsides to the main streams. Much
of the surface water now collects in low places
and eventually seeps underground (2, 4, 10).

The mining industry, particularly stripping
operations with their attendant installations
and roadways, has denuded the anthracite re-
gion of much woodland. Numerous cities,
towns, and farms have removed, to a large ex-
tent, the dense vegetation that normally con-
trolled runoff during and after storms. Plant
growth often is consumed by recurring forest
and brush fires; consequently, the unprotected
top soil and subsoil permit an increased volume
of surface water to seep into the mine workings.
Eroded materials (sand, gravel, and boulders)
are washed into stream channels during each
storm (10).

The volume of water seeping into mine work-
ings from the surface is determined by many
factors. The topography, permeability, and
porosity of the strata and the extent of soil,
frost action, and plant cover in a drainage area
influence the speed of runoff and the volume of
seepage into mine workings. The direction of
flow of runoff, which frequently parallels the
course of the receiving-stream bed, and the
slope of the ground surface over which it flows
are important factors that affect direct surface
seepage. Both are governed by the topography
of the terrain (10).

Streams carry away natural surface drainage
and mine drainage. They will have to con-
tinue to serve as ultimate discharge points for
mine pumps and existent drainage tunnels,
ditches, and flumes unless some other means
are utilized (5, 10).

Natural stream beds are relatively pervious,
and the volume of seepage depends on the
material composing the stream bed and sub-
jacent horizons. Mining operations near or
under stream beds may disturb their natural
condition and increase seepage from the stream.
Where mining has been conducted under large
streams to prevent or minimize fracture or
subsidence of rock strata underneath, stream-
bed seepage does occur eventually, and water
enters mine workings through cleavage planes,
bedding planes, faults, or fissures and cracks
due to mining.

The volume of water seepage from a stream,

5



6 SURFACE-WATER SEEPAGE INTO WYOMING BASIN ANTHRACITE MINES, PA.

because of the permeability of the stream bed,
is determined by many factors, some of which
are (4, 10):

(@) Volume of water in the stream.

(b) Velocity of the water.

(¢) Nature or permeability of strata or soil compos-
ing stream channel.

() Wetted perimeter of stream channel.

(¢) Weather conditions.

(f) Gradient, or slope, of stream.

(9) Disturbance of strata due to mining under
stream bed.

According to Merriman (25), stream seepage
will not increase by the addition of water unless
the volume of water added to the stream is
enough to increase appreciably the cross section
of the stream channel in contact with the
water. The flow of streams in the anthracite
region varies considerably owing to heavy
runoff after spring thaws and periods of heavy
rainfall, and increased seepage can be expected
during such periods. The addition of mine
drainage to a stream may cause little change
in the normal wetted perimeter of the stream
and consequently cause no appreciable increase
in the scepage into mine workings.

Many large streams lose considerable water
where they flow over the coal measures; this is
minimized where the stream bed is sealed by

clayey silt, silty loam, or anchor ice. During
periods of low flow, the decrease in volume due
to seepage is evident by visual inspection.

Many small streams that carry water for
their entire length during periods of heavy
runoff lose all their water where they cross the
coal measures (5). During the greater part of
the year their entire flow, which may reach
several thousand gallons a minute, seeps into
mine workings.

In addition to these streams, many stream
beds of former watercourses now are dry,
except after heavy rainfall. These dry channels
are evidence of subsidence from mining
operations.

Some streams are formed by discharges
from mine pumps, drainage tunnels, ditches, or
flumes. In many instances much of this mine
drainage seeps into mine workings and must
be pumped to the surface (19).

Stream pollution (enormous quantities of
waste materials from mine dumps and coal-
preparation plants) has aggravated the problem
of stream control (8). Figure 4 is a view of the
Lackawanna River in the mining area 1 mile
upstream from its confluence with the Susque-
hanna River, showing shallow conditions caused
by enormous deposits of mine refuse. The

R L ol D AR R B

FIGURE 4.—View o

f Lackawanna River in Mining Area 1 Mile Upstream From Its Confluence With Susquehanna

River, Showing Shallow Conditions Caused by Enormous Deposits of Mine Refuse.
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FI1GURE 5.—Semicircular Wooden-Stave Flume in Stripping Area.

addition of relatively small amounts of silt or
clay to a stream may decrease the volume of
stream-bed seepage by sealing small cracks and
fissures in the stream bed; however, the addi-
tion of large quantities of refuse has an adverse
effect. Tremendous volumes of fine clay, loam,
and silt have been washed into streams after
heavy rainfalls. Almost every spring the tribu-
taries overflow their banks, and enormous
quantities of culm and silt are washed into the
streams and deposited in their channels or in
the adjacent areas (17). A stream bed choked
with refuse is forced to leave its channel in
periods of high water and flood adjoining areas.
Under such conditions, the increased wetted
perimeter of a stream is accompanied by in-
creased stream-bed seepage. State and local
regulations are directed against stream pollu-
tion, and much has already been done to
prevent continuation of the practice (8).

Some mining companies have refrained from
making extensive improvements to stream beds
or surface areas overlying mine workings for
one or more of the following reasons:

(a) The complex nature of the seepage problem often
creates uncertainty in their minds as to the source of
seepage and how much it affects a given pumping plant.

(b) The problem of surface ownership, where seepage
is thought to occur, often is complicated and frequently
presents financial and legal difficulties before remedial
measures can be attempted.

(¢) The expense of applying and maintaining remedial
measures is considerable, especially when the efficiency
of such measures is doubtful because of continuing sub-
sidence of the ground, stripping excavations, and other
causes. Figures 5, 6, 7, 8, and 9 show types of conditions
encountered and wooden-stave flume installations.

(d) Some mining companies, usually the smaller ones,
anticipate complete extraction of their available reserves
within a few years and are satisfied to rely on the
capacity of their pumping plants or on those of their
neighbors to keep the mines free from water.

Some anthracite-mining companies spend
large amounts to prevent surface water from
entering into active and abandoned mines.
The methods employed are as follows:

(a) Constructing and maintaining ditches and flumes
to intercept and conduct surface water to natural
courses; these bypass outcrops, rock fissures, strippings,
mine openings, or cave-ins through which water could
enter into mine workings.
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Nl 4 , ; .
Freure 6.—Typical View of Stripped Bed at Outcrop, Showing Lack of Provision to Keep Surface Water
From Entering Mines.
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Fravre 7.—Semicirenlar Wooden-Stave Flume in Area Complicated by Subsidence and a Mine Fire.



10 SURFACE-WATER SEEPAGE INTO WYOMING BASIN ANTHRACITE MINES, PA.

Fraure 8.—96-Inch, Semicircular, Creosoted, Wooden-Stave Flume.

(b) Backfilling cave holes and stripping excavations
with impervious material to an established hydraulic
gradient so as to assure natural drainage.

(¢) Cleaning and widening stream channels to pro-
vide free flow of water in the streams.

(d) Relocating streams to straighten channels or to
divert the water to less pervious courses.

(e) Elevating stream beds and conducting the water

by dikes so that the streams will flow over subsided
areas.

(f) Lining stream beds with concrete or rubble
masonry (stone and mortar) to prevent seepage through
stream beds. )

(¢g) Silting stream beds to render them impervious.

These methods are discussed in detail in
Bureau of Mines Bulletin 518 (10).
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DRAINAGE AREA OVERLYING WYOMING BASIN

GEOGRAPHIC LOCATION

This investigation of stream-bed and surface
seepage covers the drainage area of that por-
tion of the North Branch of the Susquehanna
River that overlies the southwestern part of
the Northern field (Wyoming Basin) and is in
the vicinity usually referred to as the Wyoming
Valley.

Geographically, this drainage area lies in the
northeastern portion of Luzerne County in
northeastern Pennsylvania. Its outline is some-
what like a triangle, with the northeast side
near the boundary lines between Luzerne and
Wyoming Counties and Luzerne and Lacka-
wanna Counties; here it is 17.5 miles long.
The southwest vertex of the triangle is about
2 miles north of Shickshinny. The drainage
area is almost 20 miles long and comprises over
169 square miles of surface terrain. Ninety-
two square miles (54 percent) of the total
drainage area lies within the limits of the coal
measures in the Wyoming Basin. (See fig. 2.)

The annual rainfall on the drainage area in
the Wyoming Valley for 1910-52, as recorded by
the Wilkes-Barre station of the Scranton-
Spring Brook Water Co., is shown in table 1.
The annual rainfall ranges from a low of 26.6
inches in 1930 to a high of 53.84 inches in 1945,
with an average annual rainfall of 37 inches.
The calculated trend for these years shows a
gradual increase in the yearly rainfall. Figure
10 shows the rainfall and calculated trends,
based on readings recorded by the Wilkes-
Barre station of the Scranton-Spring Brook
Water Co.

TWELVE SUBDIVISIONS OF DRAINAGE AREA
OVERLYING WYOMING BASIN

Although the natural configuration of the
drainage area overlying the Wyoming Basin
tends, for the most part, to subdivide its total
area of 169 square miles into several smaller
watersheds, the natural grouping of the drain-
age arcas of the 59 streams does not lend itself

Table 1.—Rainfall in the Wilkes-Barre, Pa., area (inches) 1910-562!

Year Rainfall Year Rainfall Year Rainfall Year Rainfall Year Rainfall
1910______ 35. 00 | 1919____,_‘ 35.50 || 1928_____ 3871 1937_---4; 39.79 || 1946______ 35. 10
1911____ __ 35.01 ' 1920______ 38.97 || 1929______ 36.09 || 1938______ 40.89 || 1947 ______ 46. 58
1912____ __ 35.70 |1 1921______ 37.67 || 1930______ 26. 60 || 1939______ 32.94 || 1948______ 42. 59
1913______ 40. 16 | 1922______ 30.54 || 1931______ 30.03 | 1940______ 39.47 || 1949______ 32. 95
1914______ 36.21 || 1923______ 38.39 |l 1932______ 34.21 | 1941______ 29. 31 || 1950______ 43. 57
1915____ __ 35.98 || 1924______ 35.73 | 1933______ 40. 80 || 1942______ 38.99 || 1951______ 34. 77
1916______ 35.16 || 1925_____._ 35.84 || 1934____ 34.68 || 1943______ 39.23 || 1952______ 42. 18
1917 ______ 28. 44 ‘ 1926______ 39.12 || 1935._____ 35.77 || 1944____ __ 30. 76 _
1918_.____ 39.65 || 1927______ 45. 28 || 1936______ 32.84 || 1945______ 53. 84 || Yearly

i ! ave_ . ._._ 37. 00

1 Scranton-Spring Brook Water Service Co., Wilkes-Barre, Pa.
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Ficure 10.—Rainfall, Recorded by Scranton-Spring Brook Water Co.
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to convenient presentation of data on each
stream. Consequently, the total area was
divided arbitrarily into 12 subdivisions, here-
after called watersheds, to facilitate collection,
study, and presentation of data relative to each
stream. Figure 11 1s a map showing the 12
watersheds of the drainage area overlying the
Wyoming Basin.

Five of the watersheds lie on the westerly
side of the Susquehanna River and have an
area of 65 square miles. Beginning with the
most northern, they are defined in figure 11 as
North 7 watershed, North 8 watershed, etc.
The 22 streams that carry the runoff from them
and cross the coal measures are numbered,
from north to south, N-34 to N-55. (See
fig. 3.)

Six of the watersheds lic on the easterly side
of the Susquehanna River and are over 87
square miles in area. Beginning with the most
northern, they are defined in figure 11 as
South 5 watershed, South 6 watershed, ete.
The 37 streams that carry the runoff from them
and cross the coal measures are numbered,
from north to south, S-20 to S-56. (See
fig. 3.)

The watersheds in the drainage area over-

lying the Wyoming Basin are defined with
the same system of identification as that
established in the Lackawanna drainage arca,
so that drainage data relative to the entire
Northern field may be inventoried.

The 59 streams that carry runoff from the
11 watersheds cross the coal measures of the
Wyoming Basin of the Northern field lying
between North Pittston and the southwest
boundary of Glen Lyon.

The part of the Susquehanna River drainage
arca within the limits of the coal measures
that is exclusive of the 11 above-mentioned
watersheds and lies between North Pittston
and West Nanticoke has a drainage arca of
17.364 square miles. It is defined as the Zero
watershed. The bed of the Susquchanna
River, during normal times, occupics an
additional 2.94 square miles within the limits
of the coal measures. :

Seepage into mine workings of the portion
of the Northern field north of Pittston is dis-
cussed in Bureau of Mines Bulletin 518.

Scepage into mine workings of the Northern
field southwest of Glen Liyon is not discussed
in this report because the mining areas are small
and not affected seriously.

Ficure 12.—Typical View of Susquehanna River in Wyoming Valley, Showing Its Wide Lxpanse Over
Underlying Coal Measures.

254469°--53 3



14 SURFACE-WATER SEEPAGE INTO WYOMING BASIN ANTHRACITE MINES, PA.

SUSQUEHANNA RIVER

The North Branch of the Susquehanna
River has a drainage area of 9,960 square
miles above Wilkes-Barre. It enters the North-
ern field a short distance above West Pittston
and courses for 16% miles across the coal
measures before it leaves the field at West
Nanticoke. In normal times it has an average
breadth of 940 feet throughout the course of
the river. Figures 12 and 13 show the wide
expanse of the Susquehanna River in the
broad flood plain of the Wyoming Valley.

On the basis of records furnished by the
Hydrographic Service, Harrisburg, Pa., a 9-
year record of the measurements of discharges
of the Susquehanna River at Wilkes-Barre
from October 1, 1942, to September 30, 1951,
shows the general performance of the river.
The maximum discharge during this period,
recorded on May 29, 1946, was 210,000 cubic
feet per second; the minimum, recorded on
October 14, 1944, 980 cubic feet per second.
The mean discharge for the 9-year period was
14,618 cubic feet per second.

The Susquehanna River usually is uniform
and moderate in its changes, except during
the spring, when flash floods sometime occur.
The peak flow generally lasts 2 to 4 days, and

the rise to the highest stage is much more
abrupt than the fall. High water occurs
frequently, averaging three times a year, the
highest being in March and April. The greatest
flood on record, in March 1865, reached a stage
of 33.1 feet at Wilkes-Barre, approximately 16
feet above flood stage for that period (21).
The flood of 1902, although somewhat lower,
overflowed a 9%-square-mile area in Wyoming
Valley and caused a property loss estimated at
2 million dollars (21).

The volume of seepage entering mines in the
Wyoming Basin from the bed of the Sus-
quehanna River is not known; however, the
importance of this source of seepage is realized
when it is known that the drainage area over-
lying the Wyoming Basin is less than half that
overlying mines bencath the Lackawanna
drainage area, while the total volume of water
pumped from mines in the Wyoming Basin is
about 21 percent greater than the volume of
water pumped from mines in the Lackawanna
Basin (10).

BURIED VALLEY OF THE SUSQUEHANNA
RIVER

The broad, relatively flat plain of the
Northern field, over which the present North

FiGure 13.—Susquehanna River Iintering Broad Flood Plain of Wyoming Valley at Coxton.
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Branch of the Susquehanna River flows,
blankets a great depression or buried valley in
the surface of the bedrock. This depression is
not an ordinary valley having a bottom with
a continuous downgrade, which is usually made
by a stream in 1its attempt to reach base level,
but consists of a series of elongated basins
terminated by rock at both ends. The de-
pression does not have a continuous downgrade,
for the deeper subbasins decrease in depth
downstream (2).

Figure 14 is a map showing the location of
the buried valley of the Susquehanna River in
the Wyoming Basin.

Boreholes drilled from the surface of the
ground in this area through the valley-fill
deposits have revealed the rock bottom of this
great depression to be below altitude 250 feet
at several points. Near Berwick (approxi-
mately 18 miles downstream from West Nanti-
coke), rock crosses the river at altitude 480
feet. At no place farther downstream is the
rock, below altitude 250 feet until Middletown,
Pa., is reached, nearly 90 miles downstream
from Berwick (2).

It appears quite evident that basins or chan-
nels were excavated in the sandstones, shales,
slates, and anthracite beds of the anthracite
measures by glacial action, as well as by water
erosion.

There are potholes in the area comprising the
buried valley; these were formed by swirling
currents of water carrying abrasive materials
during the advance and retreat of glaciers.
They extend below the normal bottom of the
buried valley. Some large potholes are visible
at the surface of the ground in the Scranton
area (2).

Three general classes of deposits are found in
the Wyoming-Lackawanna region: (a) The
deep valley-fill deposits, (b) terrace deposits
that flank the valley, and (c) glacial-till deposits.

The materials that consitute the deep valley-
fill deposits, as revealed by boreholes and shafts,
are water-depositional sediments consisting of
alternating layers of gravel, sand, clay, and
admixtures of all three. Under Kingston lies a
bed of clay 80 to 100 feet thick, an evidence of
local ponding.

The terrace deposits that flank the valley
generally are found from 60 to more than 200
feet above the flood plain of the present river.
Studies of the structure of these terraces, as
revealed in sand or gravel pits, indicate that
they were formed by ponding of side streams
against stagnant ice, as well as by deposits
laid down by streams flowing between the bank
and such a mass of ice left in the waning stages
of the glacier (2). This explains the river-bed-
type deposit with crossbedding as exposed in
the sand pits and also accounts for the varying

levels at which the terraces occur. The
Tilbury Plain at West Nanticoke is at altitude
680 feet; terraces on either side of Toby’s
Creek, near Luzerne, at altitudes 705 and 750
feet; at Pittston, altitude 710 feet; and at
Campbell Ledge, altitude 610 feet (2).

The basin-and-range structure of the under-
lving rock formations in the vicinity of the
buried valley and the permeability of the
alluvial fill or wvalley-fill deposits form ideal
catchment areas or basins for collecting surface
water from local heavy rains, flash floods, and
overflow from the river or creeks at flood stage.
This water enters the mines under or adjacent
to the riverwash and is either impounded in
underground water pools or flows to the mine
sumps, where it is pumped to the surface or to
a drainage tunnel (3).

Infiltration of surface water into mine work-
ings underneath the buried valley is aggravated
further by the presence of major surface streams
that flow over the pervious alluvial fill. The
North Branch of the Susquehanna River flows
downstream over these deposits from Coxton
to West Nanticoke, where the river leaves the
valley. The Lackawanna River, a chief tribu-
tary stream, flows down the Lackawanna
Valley and enters the Susquehanna River at
Pittston. A considerable volume of mine
water originates at the headwaters of these
streams, especially during the period of flood
stage. The water from the streams enters the
mines through the pervious valley-fill deposits,
cracks, and fissures in the underlying rock
strata caused by subsidence over mined areas,
bedding planes in the rock strata, natural
cleavage planes, and faults ().

A number of creeks that flow throughout the
entire year cross the anthracite measures in the
vicinity of the buried valley. Because of the
size of most of these creeks, some provisions
have been made to prevent excessive infiltration
through their beds into the mine workings.

Mining operations under the major stream
beds have been conducted in a manner to pre-
vent an increase in the stream-bed leakage and
thereby prevent an increase in the amount of
infiltration into the mine workings; however,
this cannot be true of many of the small
tributary streams, because the presence of dry
beds of thousands of former small watercourses
gives evidence that the water, which had once
drained into them, is now infiltrating into the
underground workings (2, §).

Fissures in the rock strata, cave-ins, and
fissures in outcrops and strippings either on the
flood plains of streams or in the drainage areas
provide easy ingress for surface water into
mine workings (). Strippings, especially, con-
tribute much to this because of removal of the
overburden and because of the longitudinal
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extent of the strippings along the outcrop of the
anthracite beds, usually at right angles to the
direction of natural drainage. Many fissures
and cave-ins are not easily visible because they
are hidden from sight under refuse banks or
partly filled with dirt; nevertheless, these
openings contribute much to water seepage.
Many anthracite beds outcrop beneath the
vallev-fill deposits of the buried valley and
provide ingress for surface water into mine
workings. Figure 15 is a cross section of the
Northern field, showing the presence of the
buried valley in relation to the anthracite beds.

EXPLANATION OF DATA

Pertinent data on seepage into mine workings
from the 59 streams and their drainage areas
are listed in tables 2 to 12, inclusive. The
relationship of data in tables 2 to 12 to the
seepage problem is explained in detail in Bureau
of Mines Bulletin 518 (10). The basic features
of this relationship are reviewed in the following

SURFACE-WATER SEEPAGE INTO WYOMING BASIN ANTHRACITE MINES, PA.

discussion. The drainage area of any stream,
in conjunction with a given rainfall for any
period of time, reduced by total evaporation,
determines the volume of runoff (10, 24). The
portion of the stream-drainage area within the
limits of the coal measures must be known, as
the runoff in this area is reduced because of
seepage through the porous soil and broken
strata into the mine workings (10, 13).

Mining men generally agree that subsidence
produces cracks, fissures, and cave holes in the
strata overlying anthracite beds and is the
principal cause of seepage. So-called second
mining (pillar robbing) is responsible for most
destructive subsidence (10).

The volume of water seeping into mine work-
ings from the surface directly over them cannot
be determined accurately; however, a reasonable
estimate of such seepage may be obtained for a
drainage area by giving proper consideration to
the physical properties of the terrain and the
extent of subsidence affecting the given area.
The topography, permeability, and porosity of

TaBLe 2.—Data on surface and stream-bed seepage, North 7 watershed

Stream ; 1 2 3 4 5 6 (7=g—6) 8

Drainage Estim%ted Length of Length of Estim%ted
T)l:ainage \\jdi{(;gn volllllxrlrlle of str%:]rzn bzd Leng}h of %ﬁngth (g uni(;rrllf)m\;)ed vollllxrxlllw of
No. Name | Aarea, coal surface | within coal tDPl‘:nloll)lSd s;regr?‘;fed pervious |stream-bed
! sqt_xlare measures, |seepage into| measures, N rw} ¢ ed, feet stream bed, |seepage into

miles square mine feet ee ee feet mine
miles workings ! workings !
N-34 | Scovell Creek______________ 0.315 0. 007 0. 06 720 100 |- _______ 100 0. 21
N-35 | Carpenter Creek________._ : . 330 . 023 .27 1, 150 500 150 350 3. 00
N-36 | Hicks Creek___.___________ . 3.636 1. 657 20. 54 | 14,800 | 14, 200 500 | 13,700 23. 14
North 7 watershed_ .. ____ 4. 281 1. 687 20. 87 } 16, 670 ‘ 14, 800 650 | 14, 150 26. 35

1 Unit volume is given in gallons per minute per inch of rainfall.

TasLe 3.—Data on surface and stream-bed seepage, North 8 watershed

Stream 1 2 } 3 Ly 5 6 T=1—6) 8

Drainage Estim.z;tod L th of | Length of ] Estim;;tod
Drainage \\fiii(h?n vollllltxlrlze of St;‘{(l‘l';,il bgd Length of | Length %f uni(gir(;\?ed volllllrrlﬁe of
No. Name area, coal surface | within coal tper le‘)lsd ‘Emproxg\kd pervious |stream-bed
sqqlare measures, seepage into! measures, S rea}mt ed, s rez;mt ¢ lstream bed, seepage into

miles square mine feet ee ee feet mine
miles workings ! workings !
N-37 | Westmoreland Creek_______ 0. 423 0. 323 4.01 ; 5,200 5, 130 450 4, 680 2. 50
N-38 | Maltby Creek._ .. __________ . 493 . 449 5.94 | 12, 600 6, 140 250 6, 190 2. 21
N-39 | Sandy Creek.___.____.______ 1. 006 . 218 2.88 | 5520 | 5520 | 1,230 | 4,290 9.11
N-40 | Wades Creek______________ . 682 . 438 5. 43 8, 560 2, 900 200 2, 700 4. 91
N-41 | Shoemaker Creek_ _________ . 428 . 287 3.79 7, 360 2, 000 50 1, 950 3. 02
N-42 | Dicksville Creek___________ 1. 717 1. 324 20. 80 | 13,400 6, 880 450 6, 430 7. 39
N-43 | Abrahams Creek.__________ 12. 083 1. 865 21. 58 | 23,200 | 13, 760 250 | 13,510 28. 83
North 8 watershed_______ 16. 832 | 4. 904 64. 43 ' 75, 840 ‘ 42, 630 2, 880 | 39, 750 57. 97

! Unit volume is given in gallons per minute per inch of rainfall.
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TasLe 4.—Data on surface and stream-bed seepage, North 9 watershed

Stream 1 2 3 4 5 6 (7=§_6) 8
Drainage Estim_z:ted Length of Length of Estimiszted
. ength of un
Drainage | (Gt | volume of |stream bed Leng%h gf iIIf;n%tE e?lf unim%)roved volume of
No. Name sm;f:l:e coal surface | within coal st?eeggloged Stregng bad | pervious | stream-bed
gﬁ]es measures, |seepage into| measures, feet feet stream bed, |seepage into
square mine feet feet mine
miles workings ! workings !
N-44 | Courtdale Creek . __________ 0. 490 0. 248 2. 26 7, 800 7, 800 3, 650 4, 150 4. 38
N-45 | Edwardsville Creek_ _______ . 428 . 423 4.24 5, 280 4, 880 1,730 3, 150 2. 60
N-46 | Toby Creek . ______________ 33. 244 1. 357 7.85 | 20, 520 4, 400 400 4, 000 21.73
North 9 watershed_______ 34. 162 2. 033 14. 35 | 33,600 | 17, 080 5,780 | 11, 300 28.71
! Unit volume is given in gallons per minute per inch of rainfall.
TaBLE 5.—Data on surface and stream-bed seepage, North 10 watershed
Stream 1 2 3 4 5 6 T=a—t) 8
Drainage Estim;:ted Length of Length of Estim‘:lz‘lted
. e ength o uni
Drainage wai{?f}n vo]lxllrrlrlle of streglrzn b(e)d Lenglgh of iI;‘elngth e(:if unim%).roved volume of
No. Name area, coal surface | within coal tperlyn ol‘)lsd e pn? ‘;)e 4| pervious stream-bed
sgllil]zrse measures, |seepage into| measures, |° rez}eet ed, s reafeet *|stream bed, seepage into
square mine feet feet mine
miles workings ! workings !
N-47 | Larksville Creek.__________ 2. 024 1. 644 17. 67 | 22,520 | 18,720 4, 890 | 13, 830 13. 26
N-48 | Valley View Creek_________ . 769 . 198 3.11 8, 640 8,640 (________ 8, 640 6. 43
N-49 | Brown Creek _____________ 2. 254 1. 235 13. 27 | 12, 280 8, 680 950 7,730 20. 03
N-50 | Wadhams Creek ___________ 1. 123 . 704 8. 73 9, 520 6, 560 2, 330 4,230 6. 59
N-51 Plymouth Creek . __________ . 206 . 060 . 50 3, 600 2, 800 1, 400 1, 400 1. 45
N-52 Coal Creek._ . _________ 1. 660 . 466 5. 39 6, 360 2,200 750 1, 450 16. 54
North 10 watershed._____ 8. 036 4. 307 | 48. 67 ' 62, 920 | 47,600 | 10,320 | 37, 280 64. 30
1 Unit volume is given in gallons per minute per inch of rainfall.
TaBLe 6.—Data on surface and stream-bed seepage, North 11 watershed
7
Stream 1 2 ! 3 ) 4 5 6 (7=5—6) 8
Drainage Estim;:ted Length of Lenath of Estim;zted
. ength of uni
D;arler'nlage within | volume of |streafn bed Li’;gg'ugi iLmemrzg};e% unim%roved volume of
No. Name square coal surface | within coal st?eém oy strezxi)m bad,|_pervious | stream-bed
miles measures, |seepage into| measures, foet foet stream bed, |seepage into
square mine feet feet mine
miles workings ! workings !
N-53 | Phyllis Creek______________ ‘ 0.316 0. 099 0. 82 3, 120 3, 120 2, 000 1, 120 3. 31
N-54 | Avondale Creek____________ . 360 . 152 1. 63 3, 920 2,360 |________ 2, 360 4. 32
N-55 | Sickler Creek______________ . 986 . 831 8.93 | 13,200 6, 400 100 6, 300 7.19
North 11 watershed______ 1. 662 | 1.082 ‘ 11. 38 ‘ 20, 240 ‘ 11,880 | 2,100 | 9,780 14. 82

1 Unit volume is given in gallons per minute per inch of rainfall.

the strata and the extent of soil, frost action, and
plant cover in a drainage area influence the
speed of runoff and the volume of seepage into
mine workings (10).

The method for estimating the volume of
seepage entering mine workings from the surface
and streams is complex because of many vari-

ables, and no previously applied method for
computing such seepage 1s known to the
authors. The method used to determine the
scepage in this report and in Bureau of Mines
Bulletin 518 (10) was derived from an ex-
haustive field survey of each stream and its
drainage area and from consultations with
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TasrLE 7.—Data on surface and stream-bed seepage, South & watershed

Stream 1 2 3 4 5 6 (T=4—6) 8
Drainage Estim%ted Leneth of Length of Estim.a'tted
R e uni
Drainage w?;%a}n vollar;rlle of str?eg%n b(e)d Length of | Length ‘g unir?l%)rm;)ed volume of
No. Name area, coal surface | within coal tpervwll)lsd o g, | pervious -|stream-bed
SQUBYe | measures, [seepage into| measures, |ST°%0 P SUCAT PeGistream bed, |seepage into
miles square mine feet e e feet mine
miles workings ! workings !
S-20 Panama Diteh_____________ 0. 907 0. 907 9. 00 5,900 4, 100 3, 600 500 3. 00
S-21 Pittston Creek_____________ . 803 . 803 7.30 6, 200 3, 600 1, 400 2, 200 4. 48
S-22 Tompkins Creek___________ 2. 873 2. 827 25. 70 | 22,000 | 22,000 4,400 | 17, 600 20. 05
S-23 Ewen Creek_______________ . 663 . 663 5. 48 5, 800 4, 800 800 4, 000 4. 60
S-24 Inkerman Creek_ __________ . 542 . 542 5. 82 6, 300 5, 600 400 5, 200 2. 89
S-25 Port Blanchard Creek _ _____ . 473 . 473 6. 26 5, 200 4, 200 600 3, 600 1. 31
S-26 Plainsville Creek_._________ 1. 115 1. 115 12. 90 | 14,300 | 13, 700 400 | 13, 300 5. 09
South 5 watershed________ 7. 376 7. 330 72.46 | 65,700 | 58,000 | 11,600 | 46, 400 41. 42
1 Unit volume is given in gallons per minute per inch of rainfali.
TasLe 8.—Data on surface and stream-bed seepage, South 6 watershed
Stream 1 2 3 4 5 6 A=t 8
Drainage | Estimated Lenath of Length of Estim;:tcd
Drainage waiﬁgn VO]ll]]?nlte of str%?ﬁn bgd Length of | Length %f unierlrllf)m\gsd voll[lxrrlrlle of
No. Name area, coal surface | within coal tpervxoll)xsd ;m’pm\i)e G| pervious | stream-bed
sqq]are measures, |seepage into| measures, S rez}mt ed,|s redfmt ed,stream bed, Iseepage into
miles square mine feet ee ee feet mine
miles workings ! workings !
S-27 Gardner Creek_____________ 9. 573 2. 643 24. 03 9, 200 7, 200 350 6, 850 33. 55
S-28 Fox Hill Creek . _ __________ . 560 . 319 3. 16 4, 000 3, 500 400 3, 100 4. 08
S-29 | Baltimore Creek___________ . 422 . 422 4.54 | 5,800 | 4,320 400 | 3,920 2. 05
S-30 Coal Brook_ __ ____________ 2. 388 1. 771 20. 49 | 24,160 | 18, 200 6, 000 | 12, 200 14. 24
S-31 Laurel Run. ______________ 9. 952 1. 030 10. 22 | 11, 000 3,240 |________ 3, 240 38. 57
S-32 Mill Creek .. _____________ 13. 542 4. 613 53. 38 | 32,840 | 15,400 400 | 15, 000 87. 89
South 6 watershed_ _ _____ 36. 437 | 10. 798 | 115. 82 | 87,000 | 51, 860 7,550 | 44,310 180. 38
1 Unit volume is given in gallons per minute per inch of rainfall.
TaBLE 9.—Data on surface and stream-bed seepage, South 7 watershed
Stream 1 2 3 4 5 6 T=tty) 8
Drainage Estim;:ted Length of Lenath of Estimjc;ted
Drainage wf}{?ﬁn VO]‘llllllrllC of strcex?a%n bgd Length of | Length (g unﬁg[fy)rov%d voll|11xrlrlle of
No. Name arca, coal surface | within coal tporr\;llokl)lsd ;mp]l: \;)e d pervious |stream-bed
sqqlare measures, |[seepage into| measures, § re&} t ed,|S rear " ¢ lstream bed, seepage into
miles square mine feet ee e feet mine
miles workings ! workings !
S-33 Kidder Creek_.__________.__ 2. 603 1. 893 20. 34 | 28,120 | 13, 640 3,230 | 10,410 9. 53
S-34 Franklyn Creek____________ . 362 . 214 2.12 4,280 | 4,280 1,410 2, 870 2.24
S-35 Spring Run_______________ 1. 310 1. 012 9.20 | 15,280 7, 800 1, 300 6, 500 5. 42
S-36 Newton Creek._____________ 1. 001 . 654 7. 03 7, 860 2, 640 140 2, 500 4. 00
S-37 Sugar Notch Creek_________ 2. 280 . 845 8. 38 | 11, 800 5, 000 750 4, 250 17. 00
S-38 Maple Hill Creek . _________ . 465 . 465 . 38 7, 680 680 80 600 .29
S-39 St. Mary’s Creek_ _________ . 357 . 357 . 30 8, 680 680 280 400 .22
S—40 Buttonwood Creek_________ . 406 . 406 1. 01 7, 800 5, 000 400 4, 600 .91
S-41 Solomon Creek . ___________ 8. 931 1. 908 1. 58 | 30, 840 2,000 |________ 2, 000 6. 69
South 7 watershed_______ 17. 715 7. 754 50. 34 (122, 340 | 41,720 7,590 | 34, 130 46. 30

! Unit volume is given in gallons per minute per inch of rainfall.
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TasLe 10.—Data on surface and stream-bed seepage, South 8 watershed

19

Stream 1 2 3 4 5 6 (7-—-2—6) 8
Drainage | Estimated Leneth of Length of Estim%ted
. i ngth o uni
Druinoge | G | | Lol | g of | Tamgn o | Jengihot | unl
No. Name area, coal surface | within coal tpervmll)lsd :mprovge 4 | pervious | stream-bed
square | poasures, [seepage into| measures, o reafmt ed, s rea}mt e0s\stream bed, |seepage into
miles square mine feet e ee feet mine
miles workings ! workings !
S-42 | Silver Creek_______________ 0.308 | 0.301 3.74 | 5,560 | 3,200 600 | 2,600 1. 14
S-43 | Garringer Creek___________ 1. 308 1. 235 14.29 | 21,640 | 5,000 | 2,800 | 2,200 5. 56
S-44 Warrior Run_ _____________ 2. 855 2. 799 11. 57 | 46, 000 3, 400 450 2, 950 2. 85
S-45 Leuder Creek______________ 1. 075 . 449 4. 82 6, 000 6, 000 3, 800 2, 200 9.71
S-46 Espy Run, West Branch____ . 900 . 828 10.95 | 9,200 | 5,200 400 | 4, 800 3. 30
S—-47 Espy Run_________________ 2. 243 1. 813 19. 48 | 16, 480 8, 400 700 7,700 11. 90
S-48 Nanticoke Creek___________ 3. 155 1. 792 17.77 | 32,880 | 16, 000 8,910 7, 090 11. 59
South 8 watershed_______ 11. 844 | 9.217 | 82.62 {137,760 | 47,200 | 17, 660 | 29, 540 46. 05
! Unit volume is given in gallons per minute per inch ogxinfall.
TaBLE 11.—Data on surface and stream-bed seepage, South 9 watershed
Stream 1 2 3 4 5 6 (7=g_6> 8
Drainage | Estimated Length of Length of Estim.atted
. i 11 unil
Drainage w%i%?n volllllrtll;‘é of strecrflelzn bgd Length of | Length (g uniem%)TO\?ed volume of
No. Name area, coal surface | within coal tpervloll)lsd zmproxlf)e 4| pervious |stream-bed
Square | peasures, [seepage into| measures, |° reafm ed, s reafmt eGyistream bed, [scepage into
miles square mine feet eet ee feet mine
miles workings ! workings !
S—49 | Fairchilds Creek .. _________ 0.699 | 0.210 1. 91 5,600 | 5,600 200 | 5,400 4. 05
S-50 Wanamie Creek____________ 1. 273 . 108 .45 2, 800 800 | .______ 800 3. 30
S-51 North Wanamie Creek______ . 257 . 257 2.13 2, 600 1, 840 500 1, 340 1. 42
S-52 | Newport Creek, South
Branch_________________ 3. 733 3.380 | 36.32 | 21,920 | 5,200 50 | 5,150 14. 34
South 9 watershed_ _ _____ 5. 962 3. 955 40. 81 | 32,920 | 13, 440 750 | 12, 690 23. 11
! Unit volume is given in gallons per minute per inch of rainfall.
TasLE 12.—Data on surface and stream-bed seepage, South 10 watershed
Stream 1 2 3 4 5 6 (7=g_6) 8
Drainage | Estimated Length of Length of Estimated
. i uni
Drainage | (fit) Volll:llrllrllz\ of stream bed | Length of | Length (Zif unierﬁ%rov%d volume of
No. Name area, coal surface | within coal tpervmgsd ;mproxga G| pervious |stream-bed
SAUATe | measures, |scopage into| measures, |S'e4R P6% SUCET D6 istream bed, |seepage into
miles square mine feet e 6 feet mine
miles workings ! workings !
S-53 Farm Creek_ _____________ 0. 418 0. 183 0. 15 3, 680 400 [cceeeao 400 0. 27
S-54 Newport Creek, North
Branch. __ . ________ 1050 | .738| 1.22| 20400 3,300 500 | 2,800 2. 58
S-55 Glen Lyon Creek___________ 1. 315 1. 273 8. 42 | 10, 640 5,400 |________ 5, 400 6. 66
S-56 Newport Creek . ___________ 4. 978 4. 863 56. 27 | 41, 840 | 15,400 8, 650 6, 750 19. 86
South 10 watershed_ . ____ 7.761 7. 057 66. 06 | 76, 560 | 24, 100 9, 150 | 15, 350 29. 37

! Unit volume is given in gallons per minute per inch of rainfall.
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engineers of mining companies in the affected
area. The degree of accuracy of estimating
seepage by this method is unknown; however,
the authors propose it as a common yardstick
that can be applied to each stream and its
drainage area. Because the seepage for each
stream is estimated by the same method, the
resultant figures are comparative (10).

The length of the pervious portion of a
stream bed is that part within the limits of the
coal measures that overlies mined-out areas.
The relative positions of mined-out areas and
stream channels are readily obtainable from
maps of mining companies in the anthracite
region (10).

Any pervious part of a stream bed that has
been rendered impervious by remedial measures
is referred to as length of improved stream bed.
Various types of flumes, rubbled stream bot-
tom, and concrete flooring of culverts constitute
such improvements where found in good
condition (10).

Column 6 of tables 2 to 12, inclusive, lists the
length of the improved pervious portions of the
stream beds.

Column 7 lists the length of the unimproved
pervious portions of the stream beds, obtained
by subtracting column 6 from column 5. If
seepage from a given stream bed into under-
lying mine workings is to be reduced to a
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minimum, the remaining unimproved pervious
portion of a stream bed must be made
Impervious.

Estimated surface and stream-bed seepages
from any of the stream-drainage areas for a
given year can be calculated, in gallons per
minute, by multiplying the values in columns 3
and 8 by the annual rainfall, in inches, for that

ear.

Table 13 is a recapitulation of tables 2 to 12,
with similar data concerning the Susquehanna
River itself (Zero watershed). The volume of
seepage from the 17.4 square miles of surface-
drainage areas adjacent to the Susquehanna
River within the limits of the coal measures
and of that not included in the North and South
watersheds is estimated the same as estimating
seepage from surface areas adjacent to the
side streams. Because of the size of the
Susquehanna River and its uninterrupted flow,
the method used to determine seepage from
stream beds was not judged applicable to the
Susquehanna River. The volume of seepage
from the bed of the Susquehanna River is
obtained by subtracting the product of the
estimated unit volumes of surface and stream-
bed seepage and mean annual rainfall from the
total volume of mine water pumped to the
surface by all pumping plants in the Wyoming
Basin.

TaBLE 13.—Recapitulation of data on surface and stream-bed seepage for drainage area overlying
Wyoming Basin

. Estimated
Area of water- | Area of water- uf;isé"‘%?fle‘ge Length of Length of Length of ugﬁgi&g‘?g q | unit \;ollgne
Table | Watershed | shed. sauare | aimcacures, OfSurtaceseen IR conl | seheam bed, | stredm bed, | o PXIYIOUS, | bod seepae
square miles workings ! measures, feet feet feet feet \I&t& gggéel
2 . North 7__ 4, 281 1. 687 20. 87 16, 670 14, 800 650 14, 150 26. 35
[ S North 8 _ 16. 832 4. 904 64. 43 75, 840 42, 630 2, 880 39, 750 57. 97
4_____ North 9__ 34. 162 2. 033 14. 35 33, 600 17, 080 5,780 11, 300 28. 71
5._____ North 10_ 8. 036 4. 307 48. 67 62, 920 47, 600 10, 320 37, 280 64. 30
6______ North 11_ 1. 662 1. 082 11. 38 20, 240 11, 880 2,100 9, 780 14. 82
A South 5__ 7.376 7. 330 72. 46 65, 700 58, 000 11, 600 46, 400 41. 42
8 ... South 6_ _ 36. 437 10. 798 115. 82 87, 000 51, 860 7, 550 44, 310 180. 38
9 . South 7__ 17.715 7. 754 50. 34 122, 340 41,720 7, 590 34, 130 46. 30
10_____ South 8__ 11. 844 9. 217 82. 62 137, 760 47, 200 17, 660 29, 540 46. 05
) 5 South 9__ 5. 962 3. 955 40. 81 32, 920 13, 440 750 12, 690 23. 11
12_____ South 10_ 7.761 7. 057 66. 06 76, 560 24,100 9, 150 15, 350 29. 37
All side-stream
watersheds, ex-
cept Zero_______ 152. 068 60. 124 587. 81 731, 550 370, 310 76, 030 294, 680 558. 78
Zero watershed
(Susquehanna
River) ________. 17. 364 17. 364 186. 35 87,120 87,120 |__________ 87,120 | 21, 268. 70
Wyoming Valley
drainage area___| 169. 432 77. 488 774. 16 818, 670 457, 430 76, 030 381, 800 1, 827. 58

1 Unit volume is given in gallons per minute per inch of rainfall.

2 From table 26, totals column, line H, 54,034 g. p. m.+42.59 (inches of rainfall in 1948).
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Table 14 is a recapitulation of seepage data
affecting the Wyoming Basin added to that
affecting the Lackawanna Basin, so that seepage
data on the Northern field can be evaluated.

Tables 15 through 25 supplement tables 2
through 12. They list the source and volume
of seepage and the receiving underground pools
and mine pumping plants. The degree of
accuracy in identifying the receiving pools and
pumping plants is approximate because of
difficulties in tracing the path taken by water
after it seeps into the ground. The assignment
of seepage to the different receiving pumping
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plants was made after considerable study of the
terrain and mine maps. Engineers from mining
companies were consulted and aided in deter-
mining the most likely distribution of seepage.
The mine pumping plants and pools are given
the same designation as those in Bureau of
Mines Bulletin 531, Mine Pumping Plants,
Anthracite Region of Pennsylvania (12); and
Bureau of Mines Technical Paper 727, Water
Pools in Pennsylvania Anthracite Mines (5).
The estimated volume of seepage and the
volume of water pumped by the different
pumping plants can be compared.

TABLE 14.— Recapitulation of data on surface and stream-bed seepage for drainage area overlying

Northern field
| I
Area of Estimated Estimated
Area of v»(atr;r?sl?ed un?t l\%?u%]e s{‘r%g%ztxhb:fd Length of Length of ukier?lgtr};ggd un?t lgz)?usne
Watershed watershed, within coal of surface within coal pervious improved pergious of stream-bed
square measures, seepage into measures stream bed, stream bed, stream bed seepage into
miles square mine foot feet feet feet mine
miles workings ! workings !
Lackawanna River '
drainage area %._| 344. 495 64. 876 575. 10 603, 000 495, 870 25, 890 469, 980 1, 670. 83
Drainage area
overlying Wyo-
ming Basin_____ 169. 432 77. 488 774. 16 818,670 | 457,430 76,030 | 381, 800 1, 827. 58
Drainage area
overlying North-
ern field coal
measures._ _ - ___ 513. 927 142. 364 | 1, 349. 26 |1, 421, 670 953, 300 101, 920 851, 780 3,498. 41

1 Unit volume is given in gallons per minute per inch of rainfall.
2 Data taken from table 13, Bureau of Mines Bull. 518.

TaBLE 15.—Surface and stream-bed seepage and length of unimproved pervious stream bed identified
with probable receiving underground pools, drainage tunnel, and mine pumping plants in North 7

watershed
Stream . .
Estimated surface seepage, gallons || Estimated stream-bed seepage, gal- Estimated length of unimproved
per minute per inch of rainfall lons per minute per inch of rainfall pervious stream bed, feet
No. Name

N-34 | Scovell Creek.____.__..._..... 0.06 || |emeo e 0.21
N-35 | Carpenter Creek.._..__._.... 157 PR U (RN F 3.00
N-36 | Hicks Creek.__._......._.._. 7.19 | 5.55 | 7.80 | |o...- 8.10

Total. .o 7.52 ‘ 5.55 | 7.80 |--ooor|ooooonn. 11.31

Probable receiving underground pools, drainage tunnel, or pumping plants

Underground pools 1. .. oo _|eceooo|ioon U0 RO U | IS S, ) U 70 R PRSRR | IR IS ) (20 PN (R
Drainage tunnel___.___ . .. oo o oo oo e e e e e e e e
Pumping plants2.______._______.... 27 30 b T 27 30 - N T 27 30 -t N P (R

1 Given same designation as that used in Bureau of Mines Tech. Paper 727.

2 Given same designation as that used in Bureau of Mines Bull. 531.
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TaBLE 16.—Surface and stream-bed seepage and length of unimproved pervious stream bed identified
with probable receiving underground pools, drainage tunnel, and mine pumping plants in North 8

watershed
Stream . :
Estimated surface seepage, gallons || Estimated stream-bed secpage, gal- Estimated length of unimproved
per minute per inch of rainfall lons per minute per inch of rainfall pervious stream bed, feet

No. | Name

N-37 | Westmoreland Creek
N-38 Maltby Creek
N-39 Sandy Creek
N-40 Wades Creek
N-41 * Shoemaker Creek
N-42 . Dicksville Creek
N-43 | Abrahams Creek

Underground pools !._______________ 13 9
Drainage tunnel_____
Pumping plants 2

1 Given same designation as that used in Bureau of Mines Tech. Paper 727.
2 Given same designation as that used in Bureau of Mines Bull. 531.

TasLE 17.—Surface and stream-bed seepage and length of unimproved pervious stream bed identified
with probable receiving underground pools, drainage tunnel, and mine pumping plants in North 9

watershed
Stream
Estimated surface seepage, gallons || Estimated stream-bed seepage, gal- Estimated length of unimproved
per minute per inch of rainfall lons per minute per inch of rainfall pervious stream bed, feet
No. Name
N-44 I Courtdale Creek_._.________ 2.26
N-45 | Edwardsville Creek._. 3.18

N-46 | Toby Creek.....___.. 5. 89

Total . . 11.33

Underground pools!..______________
Drainage tunnel._
Pumping plants 2. ________________

1 Given same designation as that used in Bureau of Mines Tech. Paper 727.
2 Given same designation as that used in Bureau of Mines Bull. 531.

TABLE 18.—Surface and stream-bed seepage and length of unimproved pervious stream bed identified
with probable recerving underground pools, drainage tunnel, and mine pumping plants in North 10

watershed
Stream
Estimated surface seepage, gallons || Estimated stream-bed seepage, gal- Estimated length of unimproved
per minute per inch of rainfall lons per minute per inch of rainfall pervious stream bed, feet
No. Name
N-47 | Larksville Creek__ 17. 67 13.26 13,830

N-48 | Valley View Cre
N-49 | Brown Creek.
N-50 | Wadhams Cree

3.11

N-51 | Plymouth Creek. | s0 DI JUON DS I VT N MY | MO NN 10 N NN IO
N-52 | Coal Creek. ..o |ooooo | 5.89 | |eeoa)ieoo| 1654 e 1,450 ||
Total. oo 20.78 1462 || 19.69 [20.03 | 24.58 |._____|._._.___. 22,470 | 7,730 | 7,080 |.._._._|._._.._.

Underground pools ' ____.__.____|._.._. :Z0 PR DR R | ;20 I SRS A | R [: 3 I
Drainage tunnel
Pumping plants2.__________________ 49 53

1 Given same designation as that used in Bureau of Mines Tech. Paper 727.
2 Given same designation as that used in Bureau of Mines Bull. 531.
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TaBLE 19.—Surface and stream-bed seepage and length of unimproved pervious stream bed identified
with probable recetving underground pools, drainage tunnel, and mine pumping plants tn North

11 watershed

Stream
Estimated surface seepage, gallons || Estimated stream-bed seepage, gal- Estimated lengtk of unimproved
per minute per inch of rainfall lons per minute per inch of rainfall pervious stream bed, feet
No. Name
N-53 | Phyllis Creek....._.________ 1,120
N-54 | Avondale Creck 2, 360
N-55 | Sickler Creek. ..o .o .| 893 || o | |9 6, 300
Total . o138 ||| (14082 | |||l 9,780 ||| maemm

pumping plants

Underground pools !
Drainage tunnel____________________
Pumping plants 2

! Given same designation as that used in Bureau of Mines Tech. Paper 727.
2 Given same designation as that used in Burcau of Mines Bull. 531.

TaBLE 20.—Surface and stream-bed seepage and length of unimproved pervious stream bed identified
with probable receiving underground pools, drainage tunnel, and mine pumping plants in South

b watershed

Stream

Z
e

Name

Estimated surface scepage, gallons
per minute per inch of rainfall

Estimated stream-bed seepage, gal-
lons per minute per inch of rainfall

Estimated length of unimproved
pervious stream bed, feet

Panama Diteh._____________
Pittston Creek. ..
Tompkins Creck
Ewen Creek. .

i
S = O

mmwr‘pmmm
SRS

-24 | Inkerman Creek_ 2. 89
-25 | Port Blanchard C 1.31
-26 | Plainsville Creek._ _ 12.90 (|- 5.09
Total. oo 10.33 |15. 61 ‘ ______ 21.54 | 24.98 || 3.81 [1L.18 | __..__ 17.14
Probable receiving underground pools, drainage tunnel, or pumping plants

Underground pools '..____._________
Drainage tunnel
Pumping plants 3

1 Given same designation as that used in Bureau of Mines Tech. Paper 727.

2 Pittston.

tGiven same designation as that used in Bureau of Mines Bull. 531.
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TasLE 21.—Surface and stream-bed seepage and length of unimproved pervious stream bed identified
with probable receiving underground pools, drainage tunnel, and mine pumping plants in South

6 watershed

Stream
Estimated surface seepage, gallons || Estimated stream-bed seepage, gal- Estimated length of unimproved
per minute per inch of rainfall lons per minute per inch of rainfall pervious stream bed, feet
No. ’ Name

S-27 ' Gardner Creek ._____________[16.02 | 8.01 |______|.ocoo_|occooo--|[22.37 [1L.18 |_.__._.

S-28 | Fox Hill Creek... 4.08

S-29 1 Baltimore Creek.______.______| .. oo foooo_|ooooo| 484 ||l o_{ooio oo

S-30 | Coal Brook. ... . |ooco|ecccnecaa|oeeeae| 20,49 || oool|oceio|eoeao

S-31 | Laurel Run.. 19.29

S-32 | Mill Creek._ ... _._____. 78.47

Total. ... 101.84 | 9.42 35.57 || 4.567 | 2,283 (14,050 | 5,670 | 17,740
Probable receiving underground pools, drainage tunnel, or pumping plants

Underground pools ! 10-11-12 10-11-12

Drainage tunnel

Pumping plants2._______________.__ 45 45

! Given same designation as that used in Bureau of Mines Tech. Paper 727.
2 Given same designation as that used in Bureau of Mines Bull. 531.
3 Not distributed to individual pumping plants.

TaBLE 22.—Surface and stream-bed seepage and length of unimproved pervious stream bed identified
with probable receiving underground pools, drainage tunnel, and mine pumping plants in South

7 watershed

Stream
Estimated surface seepage, gallons || Estimated stream-bed seepage, gal- Estimated length of unimproved
per minute per inch of rainfall lons per minute per inch of rainfall pervious stream bed, feet

No. Name
S-33 | Kidder Creek.___.____._____
S-34 | Franklyn Creek.
S-35 | Spring Run..____
S-36 | Newtown Creek. _.__
S-37 | Sugar Notch Creek. .
S-38 | Maple Hill Creek..___._____
S-39 | St. Mary’s Creek....__
S-40 | Buttonwood Creek -
S-41 | Solomon Creek....__._...__.

Total o aoo.2__|20.34 [18.35 | 9.76 | 1.89 |.________|| 9.53 |11.66 | 23.09 | 2.02 |____.._._ 10,410 {11,870

pumping plants

Underground pools !
Drainage tunnel____________________

Pumping Plants 2

! Given same designation as that used in Bureau of Mines Tech. Paper 727.
2 Given same designation as that used in Bureau of Mines Bull. £31.
3 Not distributed to individual pumping plants.



DRAINAGE AREA OVERLYING WYOMING BASIN

25

TaBLE 23.—Surface and stream-bed seepage and length of unimproved pervious stream bed identified
with probable receiving underground pools, drainage tunnel, and mine pumping plants in South

8 watershed

Stream
Estimated surface seepage, gallons || Estimated stream-bed seepage, gal- Estimated length of unimproved
per minute per inch of rainfall lons per minute per inch of rainfall pervious stream bed, feet

No. Name
S-42 | Silver Creek._._.________._____
S-43 | Garringer Creek.
S-44 | Warrior Run_____
S-45 | Leuder Creek ..__..__
S-46 | Espy Run, West Branch.
S-47 | Espy Run___..__.__.__
S-48 | Nanticoke Creek_.______.___

Total .o

Underground pools 1____________.___
Drainage tunnel.__

Pumping plants2._________________.

1 Given same designation as that used in Bureau of Mines Tech. Paper 727.
2 Given same designation as that used in Bureau of Mines Bull. 531.

TABLE 24.—Surface and stream-bed seepage and length of unimproved pervious stream bed identified
with probable receiving underground pools, drainage tunnel, and mine pumping plants in South

9 watershed

Stream
Estimated surface seepage, gallons || Estimated stream-bed seepage, gal- Estimated length of unimproved
~ per minute per inch of rainfall lons per minute per inch of rainfall pervious stream bed, feet
No. Name

S-49 | Fairchilds Creek..__._.__.__
S-50 | Wanamie Creek..____
S-51 | North Wanamie Creek
S-52 | Newport Creek, South

Branch. .. ______.___._.___ 0 0 136.32 |- ocoo|eacacaann 3.59 | 3.58 | T.17 |ooofeceeoooo- 1,288 | 1,287 | 2,575 | .. |-o......

Total .. o 1.91 013890 |ocoomofocaamannn 7.64 | 3.58 | 11.89 |- oo |eccccanan 6,688 | 1,287 | 4,715 |oooeo_|ameao-.

Underground pools !
Drainage tunnel._
Pumping plants2.______

1 Given same designation as that used in Bureau of Mines Tech. Paper 727.
2 Given same designation as that used in Bureau of Mines Bull. 531.
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TaBLE 25.—Surface and stream-bed seepage, and length of unimproved pervious stream bed identified
with probable receiving underground pools, drainage tunnel, and mine pumping plants in South

10 watershed

Stream
Estimated surface seepage, gallons || Estimated stream-bed seepage, gal- Estimated length of unimproved
per minute per inch of rainfall lons per minute per inch of rainfall pervious stream bed, feet
No. Name

S-53 | Farm Creek._.._____________|[._____ 0.15 ||| (1107 R I R | RO, 400 |- oo |eeeeaaa
S-54 | Newport Creek,

Branch.__________ N 1.22 | 2.58 | oo 2,800 || |oaaas
8-55 | Glen Lyon Creek._.________|._____|._____ 842 | || 6.66 |- |ocecooc e e 5,400 |- _|ocoocooo
8-56 | Newport Creek.____________ 7.04 | 7.03 |42.20 |______{.________ 2.49 | 2.48 | 14.89 | _____|.._.____. 844 843 | 5,063 |- _____| .-

Total ... .. ____ 7.04 | 8.40 (50.62 | _____|._..______ 2.49 | 5.33 | 21.55 |-oooo|ocoaooo 844 | 4,043 10,463 |.______|-oooo--

Underground pools ! _______________
Drainage tunnel____ RN RN RS PRI PRSI I
Pumping plants2.__________________ 62 64 65 |- oo

1 Given same designation as that used in Bureau of Mines Tech. Paper 727.

2 Given same designation as that used in Bureau of Mines Bull. 531.

Table 26 shows the relationship between the
total volume of surface and stream-bed seepage
in the drainage area overlying the Wyoming
Basin and the volume of discharge to the sur-
face from each pumping plant underlying it.
The relationship between rainfall and the vol-
ume of water pumped to the surface depends
on so many factors that it is impossible to
ascertain any definite relationship between
them. In the Northern field, of which the
Wyoming Basin is a part, the pumping load is
89.1 percent of the rainfall (5, 6, 8, 10, 18).

How much seepage from the Susquehanna
River entering mine workings in the Wyoming

Basin is recirculated by pumping and seepage
between mine workings and the river is un-
known. Because of the foregoing reason and
general mining subsidence beneath the Susque-
hanna River and its buried valley, including
areas adjoining the river, stream-bed leakage is
probably a much greater proportion of mine
drainage than the above estimates indicate
2, 8, 10, 18).

A typical example illustrating the utility of
the tables is given in Bureau of Mines Bulletin
518, Surface-Water Seepage Into Anthracite
Mines in the Lackawanna Basin, Northern
Field, Anthracite Region of Pennsylvania (10).
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TaBLE 26.—Relationship between estimated total volume of surface and stream-bed seepage in drainage
area overlying Wyoming Basin and volume of discharge from 40 mine pumping plants beneath
drainage area, gallons per minute

H

Pumping plants !

Designation of mine pumping plants

27

434,
30 31 32 33 | 35, 40,
12

36

37

39

Average volume pumped to surface dur-
ing 1948, gallons per minute___._______
Estimated volume of surface seepage
from stream watersheds exclusive of
Zero watershed, to mine pumping
plants per 42.59 inches of rainfall
(Wilkes-Barre, 1948), gallons per
minute. ... __.___________________
Percent of pumping due to surface
seepage from stream watersheds.....__

_ BX100,
A

Estimated volume of stream-bed seep-
age, exclusive of Zero watershed, to
mine pumping plants per 42.59 inches
of rainfall (Wilkes-Barre, 1948), gal-
lons per minute. .. ___.___.___________

Percent of pumping due to stream-bed
1) o ¥

C

Estimated volume of surface seepage
from Zero watershed, to mine pump-
ing plants per 42.59 inches of rainfall
(Wilkes-Barre, 1948), gallons per
minute_ ... __________.

Percent of pumping due to surface seep-
age from Zero watershed.. ....________

_FX100,

(¢}
A

Estimated volume of river-bed seepage
from Zero watershed, to mine pump-
ing plants, gallons per minute

H=A—(B+D+F).

Percent of pumping due to river-bed
seepage from Zero watershed_.._._.___
_HX100,

I==

8,462

440
5.2

162
1.9

2, 657

320
12.0

482
18.1

1,315

665
50.6

476
36.2

1,249
21.1

4,549 | 2,203 | 1,774 993 | 6,594

341
34.3

236 0
5.2

682
38.4

1,962
29.8

=]

953
53.7

476
47.9

266 0
5.9

4,337
65.8

(=]

Not distributed to individual pumping plants.
Do.

4,812

1,064
22.1

396
8.2

4,099

1, 689
41.2

1,797
43.8

2,036

1,055
51.8

672
33.0

7, 561

Pumping plants !

Designation of mine pumping plants

41

43

44

45

146,52 | 47 | 48 49 50

51

53

54

55

Average volume pumped to surface
during 1948, gallons per minute_._____
Estimated volume of surface seepage
from stream watersheds exclusive of
Zero watershed, to mine pumping
plants per 42.59 inches of rainfall
Wilkes-Barre, 1948), gallons per
minute_ ...
Percent of pumping due to surface seep-
age from stream watersheds___________
BX100

==

Estimated volume of stream-bed seep-
age, exclusive of Zero watershed, to
mine pumping plants per 42.59 inches
of rainfall (Wilkes-Barre, 1948), gal-
lons per minute._____________._______.

Percent of pumping due to stream-bed

SeePAZe. - - ool

See footnote at end of table.

4,490

664
14.8

401
8.9

1,313

(=]

o o

3, 503

483
13.8

1,195
34.1

3,538

1,284
36.3

1,515
42.8

1, 520 409 824 | 3,608 | 1,290

129
15.7

885
24.5

782
60.6

866 0
57.0 0

839
23.3

497
38.5

406 0 28

26.7 3.4

1,434

416
29.0

983
58.5

1,790

565
31.6

853
47.7

1.27

86
1.38

993

652
65.7

170
17.1
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TaBLE 26.—Relationship between estimated total volume of surface and stream-bed seepage in drainage
area overlying Wyoming Basin and volume of discharge from 40 mine pumping plants beneath
drainage area, gallons per minute—Continued

Designation of mine pumping plants

Pumping plants!

41 43 44 45 | 44652 | 47 48 49 50 51 53 ) 54 ‘ 55

F Estimated volume of surface seepage
| from Zero watershed, to mine pump-
ing plants per 42.59 inches of rainfall
(Wilkes-Barre, 1948), gallons per

minute__________________________ _----| Not distributed to individual pumping plants.
G Percent of pumping due to surface seep-
age from Zero watershed.__.__.________ Do.
6= F)fquO‘

H | Estimated volume of river-bed seepage
from Zero watershed t¢ mine pump-
ing plants, gallons per minute___._____ Do.

H=A-~(B+D+F).

J Percent of pumping due to river-bed

seepage from Zero watershed .. _. | Do.
HX100 ‘
S

Designation of mine pumping plants

Pumping plants!
56 57 58 59 60 61 62 63 64 65 Total

ES

Average volume pumped to surface ;
during 1948, gallons per minute__.__... 3, 562 844 3,394 2, 350 1,180 425 8,336 2, 597 788 3,376 | 110, 803
Estimated volume of surface seepage
from stream watersheds, exclusive cf
Zero watershed, to mine pumping
plants per 42.59 inches of rainfall
(Wilkes-Barre, 1948), gallons per
minute. ... ... 1, 888 305 623 485 674 81 300 1, 657 358 2,156 25, 036
C | Percent of pumping due to surface seep-
age from stream watersheds.....__.__. 53.0 36.1 18. 4 20.6 57.1 19.0 3.6 63.8 45. 4 63.9 22.6

_ BX100
=4

D | Estimated volume of stream-bed seep-
age, exclusive of Zero watershed, to
mine pumping plants per 42.59 inches
of rainfall (Wilkes-Barre, 1948), gal-

o

lons per minute______________________. 1,405 118 1,047 631 267 325 258 506 227 918 | 23,796
E | Percent of pumping due to stream-bed
LTS o 39.5 14.0 30.8 26.9 22.6 76.5 3.1 19.5 35.2 2.72 21.5
DX100
B="4

F | Estimated volume of surface seepage
from Zero watershed, to mine pump-
ing plants per 42.59 inches of rainfall
(Wilkes-Barre, 1948), gallons per ’

minute_ ... ... ... Not distributed to individual pumping plants ..o - - oo e mcemccccecmmmemem———eoo 7,937

G | Percent of pumping due to surface seep-
age from Zero watershed.._._________ R ¢ s TS PP 7.2
g=FX100

H | Estimated volume of river-bed seepage
from Zero watershed to mine pump-
ing plants, gallons per minute. . _______|...._ do..- L eeeeeemcssecemsecemm—— e e * 54,034

H=A—(B+D+F).

J | Percent of pumping due to river-bed
seepage from Zero watershed.......__. S o U 48.8
_HX100,
T A

J

1 Designation of mine pumping plants as listed in Bureau of Mines Bull. 531. X . . . )

2 Pumping plant 26 pumped 9,509 gallons per minute, of which 8,462 gallons originated in drainage area overlying Wyoming Basin,
3 Pumping plant 28 pumped 1,895 gallons per minute, of which 1,315 gallons originated in drainage area overlying Wyoming Basin.
4 Not distributed to individual pumping plants.

5 Obtained by subtracting summation of side-stream and surface seepage from total volume pumped.



CONCLUSIONS

Approximately 30 percent of the water
pumped annually from mines in the Wyoming
Basin arrives underground as a result of direct
surface seepage. Twenty-one percent seeps
into mine workings through the pervious beds
of 59 streams, which flow over some portion of
the coal measures. The remaining 49 percent
of mine water pumped to the surface seeps into
mine workings through the bed of the Susque-
hanna River.

A program of remedial measures designed to
prevent the major portion of surface-water
seepage into mines underlying the Susquehanna
River drainage area must not only consider
seepage from streams and their watersheds but
also the insuperable problem of stream-bed
seepage from the Susquehanna River itself.
Such a program must also consider proper
maintenance of surface works until reserves are
exhausted in the Northern field (Lackawanna
and Wyoming Basins). Any concerted effort
to prevent surface-water seepage into mine
workings of the Wyoming Basin cannot achieve
more than half its objective unless the bed of
the Susquehanna River is made impervious.

Because the problem of making the bed of
the Susquehanna River, contributing 49 percent
of the leakage, impervious is economically and
physically impossible and because the beds of
all side streams contribute only an estimated
21 percent of the total seepage, remedial meas-
ures applied to these streams would rectify
only a minor part of the total problem. This
investigation shows that, in some instances,
much can be done to lessen the pumping load

by repairing the beds of streams in the areas
most seriously affected and thereby relieve the
burden of cost now borne by some mining com-
panies.

Recent reports (9, 11, 14) on barrier pillars
separating mines in the Northern and Western
Middle fields reveal that all of them are likely to
be affected by subsidence. Few could be de-
pended on to act as dams if either mine adjoin-
ing the barrier pillar was filled with water,
because the barrier pillars are too small, are
partly removed, may be damaged by subsi-
dence, are punctured, or are rendered of uncer-
tain stability because of encroachments. Often
barrier pillars are punctured by passageways
in which masonry dams are constructed to
resist hydrostatic pressure.

The economics of handling mine water in the
Wyoming Basin is of grave concern to the
entire Northern field. Because of the number
of beds, extent of strippings and mine workings
near the outcrops, including beds outcropping
beneath the buried valley, general subsidence,
likelihood of squeezes as mining progresses,
cost of remedial measures, cost of mining active
mines, and lack of legal control of mine-drainage
practice, it does not appear possible to prevent
undue infiltration of surface waters. Drainage
tunnels in the Wyoming Basin should be main-
tained and their destruction prevented. A
tunnel system, supplemented by a central
pumping plant, appears to be the method by
which the water problem can be solved and
should greatly prolong the life of the anthracite
industry in this area.
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