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GROUND WATER CONDITIONS IN THE KINGSTON AREA, LUZERNE COUNTY,
PENNSYLVANIA, AND THEIR EFFECT ON BASEMENT FLOODING

by

Douglas J. Growitz -
U.S. Geological Survey )

ABSTRACT

Ground water underlying the Kingston area occurs in one very complex
reservoir that consists of two essential parts—--a shallow system and a
deep system. The shallow system is composed of the unconsoliaated
deposits in the buried valley. The deep system is composed of bedrock,
including anthracite coal, some of which has been removed by mining.

Ground-water levels in the shallow system are affected by fluctuations
in the stage of the Susquehanna River as far as 1 mile (1.609 kilometw@s)
from the river. At greater distances, ground-water levels are controlled
by local stream losses and ground-water conditions outside the study
area. Ground-water levels in the deep system are also affected by fluctu-
ations in the stage .of the Susquehanna River. - Significant vertical
movement of ground water is probably occurring betweén the shallow and
deep systems. | ‘

Areas of potential basement flooding by ground water are delineated
Aon a depth-to¥water map of the shallow system. Eight major problem areas
are widely scatteréd thrgughout the study area. Although potential for
basement flooding décreases as water lévels decline seasonally, shallow
ground-water levels in parts of the study area fluctuate so little that

basement flooding can be a year-round problem.



”

The low relief of the study area and its proximity to the Susquehanna
River favor a naturally high water level in the shallow system. In
addition, two other factors probably contribute significantl§ to the
basement flooding in all areas: recovery of water leve;s in the deep
ground-water system following the cessation of deep mining and associated
pumping, and land subsidence.

The following nonpumping methods of lowering the high water level in
problem areas were evaluated: (1) gravity drainage wells, (2) gravity
overflow wells (relief wells), (3) sealing of Toby Creek, and (4) a
@rainage ditch deep enough to intercept ground water moving into the

study area from upgradient sources.



INTRODUCTION

Purpose and Scope of this Investigation
Early in 1973, the U.S. Geological Survey began a study of the

Kingston area in cooperation with the Pennsylvania Department of Envir-
onmental Resources, Bureau.of Resources Management, and the Susquehanna
River Basin Commission. The purpose was to determine the source and
movement of ground water and the seasonal fluctuation of ground-water
levels in order to delineate areas in and adjacent to Kingston, Pennsyl-
vania, where basement'flooding occurs, and to determiﬁe the severity of
the flooding. In addition, factors that contéol the subsurface routing
of water were to be examined, so that ndnpumping methods to alleviate

basement flooding could be evaluated.

-



Statement of Problem

This study was begun because of numerous complaints of basement
flooding by resi&ents of the Kingston area. The basement flooding invest-
igated during this étudy is that resulting from rising ground-water
levels. Many basements were flooded by surface water from Tropical Storm
Agnes in 1972, but this type of flooding is not herein consideréd.

Methods of Investigation

Information on ground-water levels was needed to determine the
relationship between the ground-water systems'and the basement-flooding
problem. Approximately 20 observation wells had been established in the
study area during previous investigations. Some of these wells were
completed iq the upper 30 ft (9.14 m) of the unconsolidated deposits, an&
others were completed in mined-out coal seams in the underlying bedrock.
This network was supplemented by approximately 40 new shallow observation

wells.



Sixteen water-level recorders were installed in selected wells at
various times to provide concurrent records of water-level fluctuation in
shallow and deep parts of the ground-water system. The remaining obser-
vation wells were measured at intervals that ranged from weekly to monthly.
Three recorders were installed in basements to correlate water levels in
basements with changes in ground-water levels. i

Eleven surface-water measuring points on Toby Creek, Bowmans Creek,
Bowmans Pond, and the Susquehanna River were established and meagured
periodically. The record of continuous water-level recorders in operation
at two of these stations was utilized to investigate the relationship
between surface water and the ground water.

Elevations-of all ground-water and surface-water measuring points
were surveyed using the bench mark in the Public Square, Wilkes-Barre, as
the base. This benchmark, located in an area under which no minihg
- occurred, is generally considered to be the only reliable benchmark in
the Wyoming Valley.

A continuous recording precipitation station was established in

Kingston, so that the relationship between local precipitation and water-

level rises _could be studied.
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LOCATION OF STUDY AREA
The location of the study area, with respect to iocal and regional

geomorphié features, is shown in figure 1. Of particular note are the

Figure 1.--(Caption on next page) belongs near here.

following features, which will be discussed later in the report: (1) un-
consolidated buried valley deposits, (2) the drainage divide above the

study area, and (3) surface-water drainage systems.



Figure l.--Location map of the study area in north-central Wyoming Valley,
Luzerne County, showing generalized geomorphic features.



. ‘Location

The Kingston area is located in the north-central part of the Wyoming
Valley, Luzerne County (Fig. 1). For the purpose of this study, the
Kingston area is the approximate 6 mi? (16 kmz) area bounded on the south
by the Susquehanna River and including all or part of the following
communities: Kingston, Luzerne, Swoyersville, Edwardsville, Férty-Fort,
Pringle, and Wilkes-Barre. Plate 1 shows the study area in detail.

Precipitation

Long-term precipitation (1886-1972) averages 39.97 in (1,015 mm)
annually, as measured at a non-reéording precipitation station in Wilkes-
Barre (U.S. Department of Commerce, 1973).

In order to determine the relationship between average precipitation’
and precipitation during the main period of study (June 1973 through May
1974), monthly totals for the main perio& of study wére compared with
long-term monthly-average figures through 1972 at the Wilkes-Barre station

(Fig. 2). Total precipitation during this 12-month period amounted to

Figure 2.--(Caption on next page) belongs near here.

- 43.10-(1,095 mm)-or-only_ 7.8 percent -above-average.— However; monthly.——
totals during the study period deviated significantly from the historical

average.



Figure 2.--Comparison-of precipitation during study period with long-term
monthly—-average precipitation at Wilkes-Barre station.



Population and Urban Redevelopment

The population of the study area was estimated to be 37,000, based
on 1970 population figures (U.S. Department of Commerce, 1971). The
population of the boroughs that make up most of the Kingston area is as
follows: Kingston - 18,325; Swoyersville - 6,786; Fsrty-Fort‘- 6,114,
Luzerne - 3,100; and Edwardsville - 2,800. Population figures were
adjusted for Luzerne and Swoyersville because large residential areas of
these communities are outside the study area. Much redevelopment is
going on presently in the study area. Redevelopment activities during
the period of this study included renovation of sections of old sanitary-
and storm-drainage facilities and installation of new sanitary-drainage

facilities in some areas.

Mining History

The main industry in the Wyoming Valley was anthracite mining before
the early 1950's. Anthracite mining began here in the early 1800's and
reached a peak in the éarly 1900's. Coal was mined by underground énd
surface methods. Deep mining of anthracite under the study area ceased.
in the late 1950's or early 1960's; owing partly to the Knox Mine Disaster;
On January 22, 1959, the Susquehanna River broke through the mine workings
of the Knox Coal Company approximately 2 1/2 mi (4 km) northeast of the
study area. Before the 40 ft (12.%? diameter breach was "sealed" with
railroad cars and dirt, water poured into the mine workings at a rate
estimated to be more than 30,000 ft3/s (850 m3/s) (P. Gupta, oral
commuq}eaeéan, 1975). The Knox and adjacent mines were flooded. Many

never reopened and other mines not directly flooded ceased operations

_shortly thereafter.
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The U.S. Bureau of‘Mines (1963) reports that deep mining of anthracite
coal in the Wyoming Valley was accomplished by the room and pillar method.
Vertical shafts provided access to the underground mines. Mining generally
proceeded in three stages. During the first stage, coa; was extracted
from intersecting tunnels driven along the coal bed. This combination of
tunnels and coal pillars formed a grid pattern. During the second stage,
additional coal was mined either from the sides of pillars or by tunneling
through pillars. During the third stage, also popularly referred to as
"robbing", essentially all remaining coal pillars were mined. As a
result of mining, the overlying rocks in many mines collapsed, which
caused the overlying land surface to subside in some places. Mined-out
coal seams were backfilled locally with refuse or gob to prevent o;
decrease land subsidence. The degree to which underground mining progressed
under part of the study area is shown in Figure 3 by a geologic section

indicated in plate 1.

Figure 3.-—(Caption on next page) belongs near here.

Barrier pillars are bodies of unmined coal in each coél-seam,along .
company property lines. The effectiveness of barrier pillars, origin;11§
designed to function as underground dams between adjacent mines, has in
some piaces been seriously diminished as a result of manjpade breaches
including mining. Also, many barrier pillars were inadvertently weakened
after the mines were allowed to fill with water. AHollowell (1971, p. 34-
355 states that wetting of previously dry surfaces‘and the buildup of
several hundred feet of hydrostatic head cause minor weaknesses in the

barrier pillars to become pronounced.
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Figure 3.--Geologic section of. an area in Kingston showing undiffer-
entiated surficial deposits, bedrock structure, and the extent
of mining in underlying coal seams. ( Courtesy of U.S. Bureau
of Mines) -
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Surface mining (strip mining) of coal in the outcrop areas has been
an increasingly significant part of total anthracite mining since about
1940. Some surface mining of coal occurred upslope from the project
area, but in 1974 there were no active operations.

Topography and Drainage

The study area is part of the regional topographic featuré known as
Wyoming Valley, which occupies the southwestern half of the northern
anthracite field. The Wyoming Valley resembles a crescent-shaped dish in
outline. An inner lowland is surrounded by bedrock that forms the steep
slopes and rim of the valley.

The study area lies on the broad; flat alluvial flood plain of the
Susquehanna River. Excluding man-made features such as the flood ‘levees,
the topography of the study area has low relief and slopes irregularly
toward the Susquehanna River. (See pl 1.) The land surface becomes
steep on the flanks of the valley wall along most of the Western project
boundary. Topographic relief for most of the study area is approximately
20-25-ft (6~8 m).

Surface drainage for the study area is to the Susquehanna River via
Toby-Creek:and Abrahams-Creek along most-of -its ‘coursé within -the study -
areé. Toby Creek flows in a subsurface tunnel; most surface drainaée
does not enter the creek naturally but is first routed through storm
drains. Abrahams Creek and its tributaries probably transport very
little runoff into the Susquehanna River, because the creek is intermittent
and has a discontinuous and poorly graded channel. (See pl 1.) Some
surface drainage does not reach these creeks at all, as it collects in
low spots and infiltrates to the ground-water reservoir. The area where
natural surface drainage to Toby Creek and Abrahams Creek cannot occur is

designated as the drainage basin of the study area in figure 1.
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The subsurface tunnel through which Toby Creek flows is but one
example of the considerable change that the surface-water drainage system
has'undergone since the late 1800's. The surface-water drainage in the
study area, aseit existed in the late 1800's (Second Geological Survey of
Pennsylvania, 1884), is shown on Plate 1. It may not have been entirely
natural at that time, but the contrast with the present drainage system ’
is striking. To account for these changes in the study area, either the
land surface or hydrology has changed considerably from 1884 to 1974.

The "old" surface-water drainage system does not have any effect on

basement flooding except possibly in Luzerne.

14



Geology

The rocks of the study area consist of unconsolidated surficial
deposits overlying bedrock containing anthracite coal seams that have
been partly or wholly removed by mining. This relationship is shown in
figure 3 for the section indicated in plate 1. |

The surficial material is composed of glacial, alluvial, and alluvial
fan deposits. Glacially derived deposits of clay, silt, sand, gravel,
cobbles, and boulders and mixtures of these underlie most of the study
area. These deposits fill an ancient valley overdeepened during Pleistocene
glaciation by the plucking and gouging action of the ice and the associated
erosive action of streams flowing beneatﬁ the ice on the underlying
bedrock (Itter, 1938), This overdeepened valley and associated sédiments
is referred to as the Buried Valley of the Susquehanna River. The bedrock
surface that forms the bottom of the buried valley is irregular. In the
study area, the thickness of the buried valley deposits ranges from 20 ft
(6.1 m) to 220 ft (67 m), and the average thickness is about 120 ft (36
m), The thickness of these deposits generally decreases to the nortﬁwest
and southeast.

Post-glacial -alluvial and-alluvial -fan-deposits -of -silt; -sand,~and -
gravel occur in and adjacent to stream channels of the Susquehanna River,
Toby Creek, and Abrahams Creek. An alluvial fan deposit with subtle

topographic expression is present under Luzerne.
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The sediments in the buried valley were deposited in many different
environments; consequently, the character and thickness of the deposits may
differ significantly from place to place within a short distance. Sand and
gravel at the surface is underlain by clay and silt, which is underlain by
sand, gravel, and boulders. Appendix D shows the character and thickness of

the deposits from selected subsurface logs whose locations are shown on

plate 5. éKCZQunqygu s "

The Llewellyn FormationAunderlies the unconsolidated deposits in the
Wyoming Valley and the slopes of the borderiﬁg mountains.. It contains
interbedded layers of variable thickness that are composed of quartz grénule
and pebble conglomerate, fiﬂe—to-coarse.grained sandstone, siltstone,
claystone, shale, carbonaceous shale, and anthracite coal -(U.S. Geological ~
Survey, 1963). These rocks have been folded and faulted (fig. 3) and are
part of the major northeast-trending sfructural downwarp within which the
Wyoming Valley lies.

On the hillsides beyond the study area, the top part of the bedrock
probably consists of a weathered and well-fractu?ed regolith such as commonly
occurs in other areas (Ott, Barker, and Growitz, 1973). This regolith is
-overiain“localiyzbyaglacial.deposits;and:cOal—refusé~material;(Holloweiif;
1971, plate 1). The regolith is probably absent beneath the buried'valley

deposits as a result of intense glacial erosion.
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GROUND-WATER HYDROLOGY

General Features

Ground water is the subsurface water within the zone of saturation--the
zone in which all the interconnected pores, crevices, and voids are filled
with water under pressure greater than atmospheric. Ground water aécrues
from precipitation that i?filtrates the earth's surface and reaches the zone
of saturation.

Ground water moves continuously from points of intake or recharge to
points of discharge. This movement is always.in the direction in which
head, or water level, decreases. In isotropic materials - those in which
the hydraulic properties are the same in.any direction - the ground water
movement occurs in the direction of most rapid decrease in head. Because
ground water generally moves from hilltops to valleys, éurface water bodies
such as streams serve as major outlets for ground-water discharge. Ap-
proximately 60 to 70 percent of annual streamflow in the Commonwealth of
Pennsylvania comes from ground-water discharge (Becher, 1971). The rate of
ground-water movement is‘a function of the hydraulic gradient and the
- hydraulic conductivity-of-the material through-which the water-is-moving.=-
Hydraulic conductivity refers to the ability of a rock or sediment to
transmit water and depends upon the size and degree of interconnection of

openings within that rock or sediment.
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Ground-water flow normally has both a lateral and vertical component.
Throughout most of the study area, the lateral component of ground-water
flow is much greater than the vertical, so that ground-water movement seems
to be largely lateral. Nevertheless, the general pattern is circulation
from upland areas downward into the valleys, followed by upward discharge
through the valley sediments into the streams. This shows that vertical
flow is a significant part of the flow system.

The ground-water reservoir underlying the Wyoming Valley consists of
bedrock (including coal-mine voids) and the overlying unconsolidated deposits.
It functions as one very complex interconnected system. The Kingston area
is part of this system. For this report; this complex reservoir has been
generalized and its functions separated into two parts—-—a shallow system and
a deep system. Water levels used in the evaluation are measurements of
conditions in the upper part of the shallow system and the upper to intermed-
iate part of the deep system. Intermediate parts of these two systems are
assumed to have intermediate water levels. This is probably a valid assumption
except for local anomali;as.

The shallow system consists of the unconsolidated sediments in the _

buried valley. Ground water occurs in and moves through intergranular

openings between sediment particles, mostly under water—-table conditioms.
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The deep ground-water system, popularly referred to as the mine-water
or "mine-pool" system, consists of the bedrock beneath the unconsolidated
deposits. Ground water moves through»secondary ogenings such as natural
fractures and faults, fractures resulting from roof rock collapse, and the
large, interconnected conduits created during the mining of anthracite coal.
The water in this deep system is under artesian pressure in the study area
and the "roof rock" or bedrock overlying the top mined coal acts as a leaky
confining layer.

In this report, the ground-water surface is synonymus with ground-water
level or potentiometric surface. Two potentiometric surfaces are described
in this report ~ one for the shallow system and one for the deep system.
The potentiometric surface is defined by Lohman and others (1972, p. 11) as
follows:

"The potentiometric surface...is a surface which represents

‘the static head. As related to an aquifer, it is defined

by the levels to which water will rise in tightly cased

wells. Where the head varies appreciably with depth in the

aquifer, a potentiometric surface is meaningful only if it

describes the static head along a particular specified

surface or stratum in that aquifer. More than one

potentiometric surface is then required to describe the

distribution of head. The water table is a particular
potentiometric surface".

19



Regional head relationships and directions of ground-water movement in
the shallow and deep systems are shown diagramatically by the geohydrologic

section of figure 4. The potentiometric surfaces of both systems slope

Figure 4.-—(Caption on next page) belongs near here.

toward the Susquehanna River and indicate that ultimately grouné—water

discharge is to the river. Under the coal outcrop area the potentiometric

surface in the shaliow system is higher than the potentiometric surface in

the deep system. This relationship was inferred from an gxamination of

subsurface logs and associated water-level data supplied by the Pennsylvania

Department of Tramsportation for borings in Courtdale, Pa. (a nearby community

in a similar geologic setting). These relationships suggest that some

ground water is being lost to the deep system in these upslope areas, and

some ground water is moving down the potentiometric gradient of the shéllow

system into the study area. . |
Potential movement of ground water betweén the shéllow and deep systems

is governed by water-level relationships between the two systems. Considering

the vertical component of ground-water flow in Figure 4, the regional

) recharge;area-is depicted as-that-area where-:the-potentiometric surface-of -- -

the shallow system stands at higher elevations than that of the deep’system.

Here‘the vertical direction of ground-water movement is downward. In the

regional discharge area, the potentiometric surface of the deep system

stands higher than that of the shallow system, and the vertical component of

ground-water flow is upward.

20



Figure 4.--Diagrammatic section through the west half of the Wyoming Valley
showing water-level relationships and directions of ground-water
movement in the shallow and deep ground-water systems.

21



Shallow Ground-Water System

Plate 2 shows the configuration of the potentiometric surface in the
shallow ground-water system on April 30 and May 1, 1974. This configuration
is similar to that shown on a map of an earlier period, in October 1973,
(Growitz, 1973). Some surface-water elevations were uséd in the construction
of the shallow potentiometric contour map in Plate 2 because of the control
of ground-water discharge, (and to a small extent ground-water recharge) by
surface water.

Plate 2 shows that in the Luzerne area, the potentiometric contours are
relatively evenly spaced and define a lobate body. This ground-water feature
is probably caused by the presence of the underlying alluvial fan deposit
described by Itter (1938) and surface-water losses from Toby Creek. A
ground-water trough is present in the Vaughn Street area of Luzerne. This
may indicate an area where significant downward movement of ground water

from the shallow to the deep system is occurring.
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In western Kingston, the ground-water gradient decreases abruptly
between the 530 and 525 ft potenti;metric contours to 0.00686 ft/ft (0.00026
m/m), whereas the gradient under Luzerne is 0.015 ft/ft (0.0046 m/m). The
lower gradieﬁt probably results from a combination of increased hydraulic
conductivity of the sediments and reduced flow thfough the shallow system
owing to increased discharge to the deep ground-water system. Between the
525 and 520 ft and the 520 and 515 ft potentiometric contours, the gradient
increases to 0.0020 ft/ft (0.00061 m/m) and 0.0086 ft/ft (0.0026 m/m),
respectively. The increased gradient probably is due to increased flow in
the shallow system due to upward movement of ground water from the deep to
the shallow system. This is discuésed in more detail under the section
"Vertical movement of ground water'.

Recharge to the shallow ground-water system in the study area ;s by (1)
infiltration of local precipitation and surface runoff from nearby areas,
(2) shallow subsurface flow into the study area, (3) downward flow from
'ibsing streams and leaky subsurface drains, and (4) upward flow from the
deep ground-water system. Infiltration of local precipitation occurs over
the entire surface of thé study area except for pavéd or covered surféﬁes.

Water can enter. the study area from-upslope sources as-either _ground __

water or surface water. ’The upslope area is very steep'with no well-defined
major surface-water drainage (fig. 4), Part of the precipitation on this
area probably moves down the steep slope as runoff and infiltrates to the
shallow ground-water system within the study area. Part of this same
precipitation can reach the study area by first infiltrating to thefshallow

/
potentiometric surface in the regolith of the bedrock (fig. 4).
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Surface-water losses resulting in recharge to the shallow ground—wate£
system probably occur in Luzerne where ground-water contours indicate a‘
recharge mound under or near Toby Creek. In addition, old subsurface storm-
and sanitary drain.facilities may be leaking and locally adding water to the
shallow system in Kings;on and Luzerne. Faulty drain‘pipes are now being
repaired in Kingston as part of the redevelopment program. In the area of
Buckingham Avenue and Walnut Street, Luzerne, the author observed two terra
cotta drainage pipes carrying water approximately 8 feet below land surface.
These were uncovered during recent sanitary sewer construction. It was not
possible to determine if these wefe old storm drain lines, or a late 1800's
attempt to enclose part of the old Toby Creek Drainage system shown in plate
1.

Recharge to the shallow system from the deep system is possible where
the potentiometric surface in the deep system is higher than in the shallow
system. These areas generally lie in the eastern half of the study area.
Ground water probably moves vertically through the leaky confining material
of the bedrock system énd around or through the fine-grained silt o; clay
prevalent in the lower part of the buried-valley deposits. In many places .- .
theibedrock—éonfining-ﬁaterial’has'been"extensively’fractﬁréd above a?éas of

mine-roof collapse. Upward propagation of the fractures probably occcurs and

~increases the permeability of the overlying fine-grained deposits. Although

these are preferred areas of upward ground-water movement, areas containing

unaltered fine-grained deposits can also transmit water.
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Natural discharge of ground'water from the shallow system is principally
to the Susqueﬁanna River and, perhaps, to the lower reaches of Toby Cree#.
Because the potentiometric surface is close to land surface in many parts of
the project area, evaporation and transpiration of ground water by plants
may occur, but it is not considered significant becauée of the minor amount
of vegetation in this urban area. Discharge of ground water from the
shallow to the deep system by vertical movement is possible where the
potentiometric surface in the shallow system is higher than in the deep

system. These areas generally lie in the western half of the study area.
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Deep Ground-Water System .

Data from deep observation wells drilled by the Commonwealth of Pennsyl-
vania to monitor water levels in selected mines were used to construct the
generalized regional potentiometric map shown in Figure 5. The actual flow

path of the ground water in the deep system may be rather circuitous along

Figure 5.--(Caption on next page) belongs near here.

preferred directions, but flow is generally from the higher elevations to
lower elevatiéns - crossing the potentiometric contours a; right angles.

The contour configurations indicate that significant quantities of ground
water from the northern and northeastern part of tﬁe area (fig. 5) must move
through the study area. The average hydraulic gradient of the deep potentio-
metric surface under the.Kingston study area (plate 5) is 0.00070 ft/ft
(0.00021 m/m). This gradient is much less than that associated with any

part of the shallow ground-water system.
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Figure 5.--Generalized potentiometric contour map of water levels in the
deep ground-water system in part of the Wyoming Valley, for
the period April 26-30, 1974.
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Known discharges from the deep system are shown in figure 5. The
discharge structures include: (1) a vertical mine shaft in the Nottingham-
Buttonwood mine complex and (2) relief wells (gravity overflow wells drilled
into 5 mine void). Ground water is discharged to the §urface through these
structures under natural artesian pressure. Within the closed 52%&ft potentio-
metric contour there is only one relief structure. However, significant
quantities of ground water from the deep system may be discharged through
the unconsolidated sediments to the Susquehanna River which is coincident
with the center of the water level depression. Hollowell (1971, p. 41)
shows an area adjacent to the river, on Lance Colliery property, that is a
probable ;;;a of "mine water seepage and overflow".

Within the study area, gr&und water can move into or ﬁut of tke deep
system depending on local vertical-head relationships as discﬁssed earlier.
The potential for recharge from the shallow system exists in the western
"half of the study area, and the.potential for discharge exists in the eastern
half of the study area. In addition, Hollowell (1971, p. 4l1) states that
considerable discharge Af ground water from the deep system may occur

- through boreholes.-that were-drilled into: the.mines-to.alleviate surface.-

drainage problems and to dispose of sewage in the past.
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Water-Level Fluctuations

Surface-water and ground-water levels in the study area change continu-
ously in response to recharge and discharge. Differences in the hydrologic
properties of the ground-water reservoir within the study area and the
proximity to recharge or discharge sources result in differential water-
level fluctuations. This, in turn, causes changes in the configuration of
the potentiometric surface at different times. Ground-water and surface-
water fluctuations for the main period of data collection in the study are
presented in Appendix B, and the ground—-water data are summarized in table
1. (See pl. 1 for location of observation wells.) Wafer~levé1 hydrographs

are shown in figure 6.

Table l.--Summary of ground-water fluctuations.

Number  Ground-water -level fluctuations, in feet,

of A flay 1973-May 1974
wells Minimum Maximum Average

Shallow ground-water
system - : 35 1.10 >7.35  3.58
Deep ground-water : -
All wells, western .
half of study area 27 1.10 11.40 3.76
All weils, eastern
half of study area 15 3.46 7.22 5.07
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Table 1 indicates that the Average range of water-level fluctuation is
greater in the deep ground-water system than in the shallow ground—wateé
system. Additionally, the average ranges in water-level fluctuations in
both the shallow and deep ground-water systems are generally least in the
western half of the study area and are greatest in thé eastefn,half,
adjacent to the Susquehanna River.

Ground-Water - Surface-Water Relationships

A

Effects of Local Streams on Ground-Water Levels

Most streams ;ecei&e ground-water discharge during much of the year.
However, some streams or reaches of streams may recharge the ground-water
reservoir continuously. The water table contour map (pl. 2) shows a ground-
water mound -under -Toby:Creek  -in the-nérthwestern~part-of the*stud& area.

This mound suggests that>Toby Creek is losing water té tﬁe shallow ground-

water system in that area, and this is furthér substantiated by other inform-

ation. First, it is common for streams, such as Toby Creek, that flow»down

a steep bedrock slope to lose water as they enter a relatively flat area

composed of unconsolidéted deposits. Second, early in the study it Qas

noted that'grOund-water levels in obsérvation wells Lu-342 and Lu-344 appar-
‘\ently5Were:affe§ted;by;fluétuationsrin'Ihe?stagezof-TbEyéCréék:5=Théb?&wéllgé
‘ ocations are approiimately 25-ft (8 m) from the creek. A controlled release
of water to Toby Creek frdm Huntsville>Regervoir; s;mulating selective
rechérge to Toby Creek, was made on 0ctober~10,'1973,'§ith the cooperation

of personnel from Pennsylvania Gas and Water Company. Water levels were

monitored and some of these data are presented below.
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The data in table 2 show ground-water levels were lower than nearby
surface-water levels. After the surface water release, ground-water levels
rose but were still lower than surface water levels. Examination of continuous
hydrographs of Lu-344, and Lu-342, and 01537000 for October 9-11, 1973,
showed ground-water level—£fluctuations were not as responsive as Toby Creek

A Nucts
fluctuations and the ground-water peaks lagged about 8 hours behind the
surface-water peak. The lag time may be explained by poor hydraulic con-
nection between the stream bed and shallow ground-water system. The ground-
water response to the rige in Toby Creek's stage was not instantaneous, so
it is highly unlikely that an aquifer loading effect is responsible for the
ground-water rises. Further,arecharge_to the shallow ground-water system -
from antecedent precipitation seems improbable. (The last significant
rainfall prior to the experiment occurred on October 5, 1973.) Rather,

ground-water levels appear to have risen in response to an increased transfer

of water from Toby Creek to the shallow ground-water system.

{
T
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Stream discharge measuremenfs were made at selected points along Toby
Creek under several different conditions of flow to determine the amouné of
surface water being lost. Results of these seepage runs are presented in
table 3.

The data in table 3 are not conclusive, but, deséite anomalies (which
may be caused by the inherent error in the discharge measurements), they
indicate an overall loss between the uppermost and lowermost stations in
each seepage run. Stream losses, averaging approximately 10 percent, occur
either between stations 2 and 01537000 or 2 and 4. This 10 percent figure

was derived in the following way:

Reach of Toby Creek ' Percentage of flow lost Average

from stationt --- 6-20-73 -z 6-27-73-- 10-10-73 5-30-74 percent loss
2 to 01537000 T 13 6 43 20 9
2 to 4 10 10 12 - 11

Upstream from station 2, Toby Creek apparently is receiving ground-water
flow. Data in table 3 indicate an in;réése in discharge from station 1 to
station 2.

The average flow of Toby Creek from August 1941 to September 15%3 (U.s.
Geological Survey,-1973) was app:qximately;ﬁ.B-miliion”ftgld;(cuhic~feet:pe;ar
day) or 0.11 ﬁillion m3/d (cubic metérs perjday). 4A 10 percent 1655 of flow
averages 0.38 million ft3/d (0.011 million m3/d). Such losses are significarn:
and will be discussed further under the section entitled "Evaluation of

nonpumping methods to lower ground-water levels'.
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Table 3.--Discharge data for Toby Creek at selected points.

Date of discharge measurement
Flows are in cubic feet

Surface water per second
station 6-20-73 6-27-73 10-10-73  5-30-74 Remarks
1 - - - 24.2 Approximately 5,200 feet
' upstream of station
01537000. :
2 16.8 - 22.2 111.0% - 26.4 Approximately 3,000 feet
upstream of station
01537000.
01537000 14.7 20.8  114.0 21.02/  U.S. Geological Survey
- gaging station no.
01537000. See plate 1
for location.
a/ Approximately 3,000 feet

4 15.1 © 19.9 97.6— -

downstream of station
01537000. See plate 1
for location.

a/ gtage changed slightly during measurement.

b/ Fiow estimate from stage—dischargeArelationship established for

this station.



The relationship between water levels in the shallow ground-water
system and local streams on April 30-May 1, 1974, are shown by hydrologic
cross sections in plate 2. Section B-B' shows that the ground-water mound
sloping away from Toby Creek in both directions is controlled by water
losses from the creek in this area.

Section C-C' shows that Toby Creek is losing water in this.area.
However, this water is diverted by the local ground-water trough (previously
discussed under the section, "Shallow ground-water system''), whose approximate
center is along Vaughn Street. Northeast of'Walnut Street the water table
slopes toward Slocum Street at a considerable depth below land surface.
However, under Slocum Street, because of the rapid decline of land surface
elevation, the water is only a few feet below land surface. .

Section D-D' shows relationships in the eastern part of Luzerne and
Swoyersville. The water elevation of Toby Creek at the mouth of the flood
basin is about 20 feet higher than the ground-water elevation in nearby Lu-
364, but no evidence of a ground-water mound exists. 'This suggests signifi-
cant surface-water losses are not occurring in this area.- The ground-water
surface slopes a&ay in both directions iﬁ the vicinity of Charles Street. A
large surface sump. approximately 400-ft-(122.m) southwest -of Lu-354 collects_._
ov=rland storm runoff, which is pumped to Toby Creek in an enclosed'pipe.
Check valves were installed near the bottom of the sump to allow ground
water to enter the sump. Continuous water—level records from Lu-354 suggests
the ground water at this point is lowered as much as 0.3 ft (0.09 m) during
sustained pumpage from the sump. The water’level slopes toward Swoyersviile

and is within a few feet of land surface just west of Slocum Street.

~.
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The relationship between Bowmans Pond, Bowmans Creek and observation
well Lu-331 in this Slocum Street area is important because Bowmans Pond
apparently receives overland runoff from a Luzerme Borough storm sewer. At
high water levels, Bowmans Pond overflows into Bowmans Creek. Bowmans Creek
also receives storm water from upslope sources. This storm water flows
toward Lu-332, where it is pumpeﬂ over the Erie-Lackawanna Railroad tracks.
Downslope from here the stormwater flows into a subsurface pipe near Mercer
Avenue, which is connected to the subsurface tunnel of Toby Creek. Water
levels in Lu-331 and the two "Bowman" surface-water stations were so similar
throughout the study period as to suggest; that during rainless periods,
water\in Bowmans Pond and Bowmans Creek reflect the local ground-water
level. - During and following precipitation, water elevations in Bowmans
Creek and Bowmans Pond are generally higher than the water level in Lu-331.
Surface water is probably lost to the shallow ground-water system from

Bowmans Pond and Bowmans Creek and from storm runoff that collects in the

surface depression between Bowmans Creek and Slocum Street during and following

precipitation.
@
~ Effects of.;he Susquehnna River on Ground—Water,Levels-h=<
In the study area, all local surface-water systems and ground-water
systems discharge into the Susquehanna River. Accordingly, their base level

is controlled by the river. Figure 6 shows precipitation recorded at the

U.S. Geological Survey'é Kingston station and hydfographs of surface and

Figure 6.—(Caption on next page) belongs near here.

ground-water level fluctuations for a concurrent period of time.

36



Figure 6.~-Hydrographs of ground-water and surface-water levels in Kingston
and Luzerne and daily precipitation for Kingston.

37



Hydrographs for Toby Creek at Luzerne and Susquehanna River at Wilkes-
Barre (fig. 6) are very dissimilar. Toby Creek at Luzerne, which has a
drainage area of 32.4 mi? (83.9 km2), responds quickly to local precipitation.
The Susquehanna River at Wilkes—-Barre has a drainage arga of 9,960 mi?
(25,796 km2). Thus, surface water flows longer distances than in the Toby
Creek area and there is an appreciable lag time between local precipitation
and related peaks in the river stage. Also, closely sPaced'precipitation
events cause coalescing peaks more often on the Susquehanna River than on
Toby Creek. The hydrograph of the Susquehanna'River shows 'a prominent
seasonal trend not readily apparent in the hydrograph of Toby Creek. The
water level for the Susquehanna River generally declined from about April,
1973, to the end of October, 1973, at which time it began to rise. -This
seasonal risé continued into April, 1974.

Both shallow and deep ground-water levels in some observations.wells in
figure 6 show significant effects of both seasonal trends and individual

peaks in the stage of the Susquehanna River. Hydrographs of water levels in

observations wells Lu-320, Lu-333, Lu-336, and Lu-337 show the same seasonal

decline and rise.referred.to above-for-the-Susquehanna River:.: The hydrograph==-:- -

of Lu-313 is similar to that of Toby Creek at Luzerne and neither hydrograph
shows a significant seasonal trend, suggesting that these water levels are

not strongly affected by the Susquehanna River.
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Individual peaks in some gréﬁnd-water hydrographs éppear to correlate
strongly with peaks in the Susquehanna River. Hydrographs of all wells in
Figure 6 except Lu-313 shoﬁ grossly similar peaks, which correspond to major
peaks in the Susquehanna River.

The effect of the Susquehanna River on both shaliow and deep ground-
water levels decreases with increasing distance (generally reflected by
higher water-level elevations) from the river. This is in agreement with a
mathematical evaluation of changes in ground-water heads, ground-water flow,
and bank storage caused by flood waves in rivers outlined by Cooper and
Rorabaugh (1963). A qualitative explanation of the effect follows. As the
stage of the Susquehanna River rises faster and to a higher elevation than
nearby ground-water levels some surface water moves into the grouﬁd-water
' reservoir as bank storage. This forms a natural "water dam" that will
retard or prevent ground-water discharge. The ground water starts to back
up within the system and the water-level reéponse diminishes in amplitude as
the distance from the river increases. The hydrographs oﬁ Lu-337 and Lu-333
(shallow and deep system respectively), more than 1 mile ( 1.6 km) fébm the
Susquehanna River, show more subtle effects than the hydrographs of Lu-336_
and Lu-320"(shallo§ and deep system respectivély). Ag even more distant
points, for example Lu-313, there is no observable effect on water levels

from short-term fluctuations in the Susquehanna River.

39



- s i i ettt Pttt © e L b i s AR ) ek o aelie] e e PN S bt e i n s Ak

”

Figure 6 also shows water-level fluctuations in two basements in the
study area. The floor of basement-A is about 7 feet below ground surface
and the floor of basement-B is about 8 feet below ground surface. The gross
features of basement hydrographs are very similar to hydrographs of nearby
observation wells, even though the water level in basement-B appears to show
the effects of pumping during construction of nearby sanitary sewers in
Luzerne. These relationships suggest that basement flooding is significantly

affected by rises in ground-water levels.
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DELINEATION OF AREAS AFFECTED Bé BASEMENT FLOODING

Figure 6 shows that ground-water levels are generally lowest in early
fall and highest in the spring. For the data-gathering period of this study
(1 year), the highest shallow ground-water levels in general were reached in
mid-April 1974. Local basement flooding by ground waﬁér should be the most
severe during this time. A map showing depth to water in the shallow system
and relative severity of basement flooding was constructed from measurements
obtained during April 30-May 1, 1974 (pl. 3).

Depths to water were determined from plate 2 by subtracting ground-
water elevations from land-surface elevations. These calculated values were
then contoured to produce the depth-to-water map shown on Plate 3. The
intervals between the depth-to-water contours were assigned a relgtive
potential for basement flooding. For example, the area where the shallow
ground-water level is from 0 to 5 ft (1.5 m) below land surface has the
'greatést potential for basement flooding and is colored red. Conversely,
the area where the shallow ground-water level is more than 15 feet (4.6
meters) below land surféce has the least potential for 5asement flooding and
is colored.green._~It should be emphasized that the map is a generalization.
Also; because-of CbntinubuSﬂground-wéter—levéi‘fluEtu;tibns, the map is only
representative of conditions during the April 30-May 1, 1974 period. Plag;

3 is a slight modification of an earlier, preliminary map (Growitz, 1974). -
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Problem areas are defined as those a;eas in which the depth to wate;
is 10 feet or less, and inspection of plate 3 reveals that many parts of
the study area are included in this category. In four relatively large
areas of Kingston water levels are within 10 ft (3.05 m) of the land surface.
Ground water is also within 10 ft (3.05 m) of the land surface in the upper
and lower sections of Luzerne, the Slocum Street area of Swoyersville, and
parts of northwestern Swoyersville.

The Greatest-Potential and High-Potential zones will contract as water
levels decline from the seasonal high and eventually disappear during times
of low water-level conditions. However; some areas have year-round- problems
because ground-water levels fluctuate oﬁly a few feet throughout the year,
according to water-level data collected during this study.- Areas'that fall
within-this categor<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>