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ABSTRACT

The Triassic Brunswick Formation is an important aquifer in south-
eastern Pennsylvania and northern and central New Jersey, an area
where rapid development is producing increased groundwater use. In
order to prévent groundwater mining, it is necessary to have
knowledge of the rate of groundwater recharge. Based on streamflow
data during periods of baseflow recession, Moody and Associates,
Inc. (1975) estimated the average annual recharge rate for the
Brunswick Formation to be between 300,000 and 400,000 gallons/day/

square mile.

- In this study the groundwater rechqrge rate for the Brunswick Forma-
tion was calculated by the baseflow recession and hydrologic budget
methods using streamflow and climatic data from three small water-
sheds. The baseflow recession method yielded annual groundwater
" recharge rates which ranged from 441,000 gallons/day/square mile to
663,000 gallons/day/square mile. Annual groundwater recharge rates
calculated using the hydrologic budget method ranged from 321,000
gallons/day/square mile to 424,000 gallons/day/square mile. Based
on the results of both methods, the average annual recharge rate is

447,000 gallons/day/square mile.



Although the baseflow recession method yielded reasonable annual
recharge rates, it does not produce accurate results for shorter
time periods. Monthly groundwater recharge rates calculated using
the hydrologic budget afe much more representative of actual
seasonal variations than those calculated using the baseflow
recession method. The primary advantage of the baseflow recession

method is that it is simpler to use and requires much less data.

The results of this study illustrate that groundwater recharge is
controlled by both the hydraulic characteristics of the aquifer and
climatic conditions. During the winter months, when there ‘is a
precipitation excess, the hydraulic characteristics of the aquifer
determine the maximum potential recharge rate; However, during the
summer months when there is less precipitation and greater
evapotranspiration, the maximum potential recharge rate is not

attained.
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1.0 INTRODUCTION

The Triassic Brunswick Formation, which occurs along & narrow zone
extending from approximately the Schuylkill River through south-
eastern Pennsylvania and into central and northern WNew Jersey
{(Figure 1}, is an important aguifer. Many industrial and domestic
supply wells already tap this aguifer which underlies an area that
is rapidly being developed. Increased pumping of groundwater to
supply the growing needs of society makes it necessary to have 2
knowledge of the rate of groundwater recharge In order to prevent

groundwater mining and aquifer depletion,

Typically, groundwater recharge is estimated from streamflow data
during periods of baseflow recession. When using this method the
assumption is made that baseflow, which by definition represents
discharge from the groundwater reservoir, must be equal to ground-
water recharge if there is no significant change in groundwater
storage. It must also be assumed that surface water and groundwater

drainage divides coincide.

Groundwater recharge may also be calculated through the use of a
hydrologic budget, as shown by the equation:

R=P - ET - Q



NEW YORK

PENNSYLVANIA

BRUNEWICK - FORMATION OQUTCROP AREA

40mlles North

Figure 1

Geographic Occurrence of the
Triassic Brunswick Formation



where R is groundwater recharge, P is precipitation, ET is evapo-
transpiration and Q is storm runoff. As in the baseflow recession
method, it 1is assumed that there is no significant change in
groundwater storage, and that surface water and groundwater divides

coincide.

Numerous papers have been written that discuss the groundwater
resources of the Brunswick formation. However, very few studies
have been performed which provide detailed information on ground-

water recharqe.

Moody and Associates, Inc. (1975) estimated the range of average
annual recharge to the Brunswick Formation to be between 300,000 and
400,000 gallons per day per square mile, This was calculated by the
basef low method, using streamflow data from United Stated Geological
Survey (USGS) gauging stations for the 1970 hydrologic year. Water-
sheds gauged by USGS statiens are relatively large however, and
usually inctude more than one aquifer. This requires that the base-
flow contributions from each of the varicus aquifers must be esti-

mated "in order to determine the recharge to the respective aguifers.

The purposes of this study are to:

1. Compare the baseflow recession and hydrologic budget

methods for calculating groundwater recharge.



Assess the accuracy of the published recharge rates for the

Brunswick Formation:

Determine if there 135 significant areal variation in
RN

recharge to the Brunswick Formation.



2.0 GEOLOGY

The Brunswick Formation, along with the underlying Lockatong and
Stockton Formations of southeastern Pennsylvania and central and
northern New Jersey, is a member of the Newark Group. Between the
Schuylkill River and the Maryland border, stratigraphically equiva-
lent rocks are subdivided into the Gettysburg, Hammer Creek and New
Oxford Formations, as shown in Table 1. These rocks, which paleon-
tologic data indicate are of Late Triassic age, were deposited in a
portion of a downfaulted basin which has a northeast-southwest trend
and extends from southeastern New York to northern Virginia, Numer-
ous basins of this type exist within the area hetween Nova Scotia
and North Carolina. The Newark Group unconformably overlies Paleo-
zoic and Precambrian rocks and in New Jersey is uncomformably over-

Jain by Cretaceous rocks.

The Brunswick Formation consists predominantly "of reddish-brown
shale, mudstone and siltstone. According to Van Houten (1960}, the
dominant minerals in the Brunswick are feldspar, illite, chlorite,
quartz, and calcite. In some locations the Brunswick Formation
includes very thin beds of green shale and brown shale which can be

traced for distances of up to 1 mile, fNear the base of the



TABLE 1
_ SUMMARY OF STRATIGRAPHIC [NFORMATIGN

Dauphin-Lebanon County
Line to Maryland Border

Schuylkill River to Dauphin-
Lebanon County Line

Schuyikill River to
Western New Jersey

GETTYSBURG FORMATION
15,560 feet thick

Red, medium- to fine-grained sandstone and
shale. Conglomerate in upper part, Sand-
stone is more abundant in the eastern part of
the area. Heidlersburg {middle) Member fis
re,d, green, and gray shale ang argillite and
minor gray to white sandstane

NEW OXFORD FORMATION
4,800 to 6,900 feet thick

Arkose, conglomerate and red saadstone,

siltstone, and shale. Unconformable upon
lower Paleozoic and Precambrian rocks.

Source: Wood (1980)

{modified from Glaeser, 1966)

HAMMER CREEK FORMATION
9,400 to 12,200 feet thick

Conglomerate, coarse sandstone, and miner
shale.

NEW OXFORD; FORMATION
(in westeLn part}
500 ta 4,800 feet thick

STOCKTON FORMATION [in eastern part)
2,300 to 6,000 feet thick

BRUNSWICK FORMAT[ON
9,000 to 16,000 feet thick

Red shale, siltstone, and sandstone. Con-
glomerate and coarse sandstone in upper
part. Same gray shale and argillite near base.

LOCKATONG FORMAT[ON
1,500 to 4,000 feet thick

Upper part-alternating red and gray argiliite
and shale. Lower part -dark-gray shale and
argillite; siltstone and sandstone near base.
Lenses out west of Schuylkill River.

STOCKTOR FORMATION
2,300 to 6,000 feet thick

Arkose, conglomerate and red sandstone,
siltstone, and shale. Unconformable vpon

Jower Paleozoic and Precambrian rocks. Top
gradationa) with overlying Lockatong formation.




Brunswick much of the rock is massive red argillite which is inter-
bedded with dark gray argillite of the Lockatong Formation. At the
northern border of the Triassic basin the shales and other typical
rock types of the Brunswick Formation are interbedded with and grade
laterally into sandstone and fanglomerate. These fanglomerates were
deposited in the form of alluvial fans at the mouths of streams
flowing into the basin from the north, They consist of angular
quartz, limestone or other lithic fragments in a reddish brown,

sandy-to-argillaceous matrix {Longwill and Wood 1965).

Generally the Brunswick and Lockatong Formations dip approximately
20° or less to the north and northwest. Superimposed upon this
homoclinal structure are several broad anticlines and synclines with

axes trending approximately N60°W {Longwill and Wood 1965).

Numerous fractures are present in the Brunswick Formation, including
very narrow fractures which parallel the bedding planes, vertical
joint sets and faults. Three distinct sets of joints, striking
N30°E, N45°W and N75°E have been observed in the Brunswick Forma-
tion. The latter two joint sets are not as well developed as the
first. Spacing of the joints averages approximately 6 inches but
yaries between ﬁevera! inches and several feet., Jointing is best
deveioped in the massive, more competent beds. Faults, which are

relatively common in the Brunswick Formation, are primarily



normal; however, in some locations there have been lateral movements

{Longwill and Wood 1965).

Within the study area, the Brunswick Formation has been intruded by
diabase dikes and sills. The sills are generally thicker than the
dikes, with some greater than 1,000 feet thick (Longwill and Wood
1965). Contact metamorphism of the Brunswick Formation in close
proximity to the intrusives has changed its physical properties
considerably, The reddish-brown shales have been altered to a very
hard, dark, hornfels which closely resembles the dark gray argillite
of the Lockatong Formation. [In the less severely baked zones, the
color has changed from reddish-brown to purplish red. These altered
zones vary in width, wusually proportionally to the size of the
intrusive body. WNear small dikes the altered 2ome is usually bet-
ween 40 and 100 feet wide, whereas in_;e vicinity of the larger
intrusives, the altered zone may be greater than 1 mile wide. In
some cases the joints and other fractures in the baked shale have
increased the void space of the rock thereby increasing the hydrau-

lic conductivity of the aguifer, and probably the recharge charac-

teristics.,



3.0 HYDROGEOLOGY

Due to the fact that the rocks of the Brunswick Formation are very
fine grained, the permeability associated with the primary porosity
is very low. Groundwater movement through these rocks is facilita-
ted by the secondary porosity, due to the numerous fractures which

are of post depositional origin,

The fractures, which are coplaner with the bedding planes, are
usuaily very narrow and probably contribute little to the permeabil-
ity (Longwill and Wood 1965), Nearly vertical joint sets proyide
interconnected channels for groundwater flow and thus greatly
increase the permeability of the Brunswick Formation. Faults also
increase the porosity and permeability, providing conduits For
significant amounts of groundwater flow. It is possible that, in

some cases, faults permit interbasin groundwater transfer.

Due to the anisotropy of the Brunswick Formation, its hydraulic
characteristics may vary greatly with location and direction. Long-
will and Wood (1965) reported a transmissivity range of 100 gallons
per day per foot to 180,000 gallons per day per foot for the Bruns-
wick Formation, based on pumping test data. The medisn transmis-

sivity was 4,000 gallons per day per foot, However, these results



were considered guestionable by Longwill and Wood {1965) due to the
fact that the Brunswick Formation does not behave as an ideal aqui-
fer. Observation wells located along strike from the pumping welis
exhibited greater drawdown and therefore yielded lower transmissivity
values than those wells normal to the strike. The apparently lower
transmissivity along the strike was caused by the fact that those
observation wells were hydraulically connected with the pumping well

whereas those normal to strike were not.

Storage coefficients, which were also highly variable ranged from
3x10~5 to 3x10'2 with a median value of 1x10-4. The storage
coefficient of an aquifer is equivalent to the volume of water
released from or taken into storabe per unit surface area of the
aquifer per unit change in the component of head normal to that
surface. Storage coefficients for artesian aguifers are usually
signficantly lower than those for water table aquifers, ranging from

3 2 {5 3 x 10*1 respec-

1 x 10% to 1 x 1077 and from 5 x 107
tively (Longwill and Wood 1965}. This is due to the fact that water
released from storage under water table conditions is derived from
drainage of a portion of the aguifer whereas under artesian condi-

tions it is derived from compression of the voids within the aguifer.

The Brunswick Formation exhibits both water table and artesian con-

ditions. Near the surface, the Brunswick Formation is a water

-10-



table aquifer. However, at greater depths it s under artesian
conditions. This may result from weathering processes which clog
fractures with clay to depths of approximately 200 feet, creating a

partially confining layer (Longwill and Wood 1965).

Groundwater recharge is controlled by a number of factors in addi-
tibn to the hydraulic characteristics of the aquifer, including
rainfall intensity, rainfall volume, evapotranspiration and infil-
tration rate, The infiltration rate is dependent upon soil type,
antecedent moisture content in the unsaturated zone, basin morpho-

logy and land use.

~11-



4.0 [INVESTIGATION METHODOLOGY

4.1 Basin Selection

Groundwater recharge to the SBrunswick Formation was calculated using
both the baseflow recession method and a hydrologic budget with
stream discharoe data from threse small watersheds. Oata from a
greater number of watersheds would have enhanced this study, however,
the work involved in the installation and maintenance of the stream
gauges and the data coliection precluded the use of more than three.
Difficulty in locating suitable watersheds was also & limiting

factor.

It was necessary for each watershed to be underlain entirely or
almost entirely by the Brunswick Formation and to have a drainage
area which would produce flows within the capacity of the stream
gauge except during severe storm events. A location where the
stream was narrow, with relatively high banks was necessary for
installation of the stream gauge. The stream was reguired to have a
low enough gradient to permit the proper ponding behind the stream
gavge and also to have a bed which would allow it to be sealed in
place such that underflow would be minimized. Access to the site
had to be relatively easy for construction of the stream gauge and

data collection, yet the Jlocation had to be .far enough from

-12-



structures to prevent damage from erosion during severe storm
events. Methods used for limiting erosion will be discussesd later
in this section, Another prereguisite for use of a basin was a low
population density so as to minimize the effects of qroundwater
pumping, and changes of the ground surface such as regrading, pav-

ing, and construction.

Three small watersheds from northern Montgomery County, Pennsylvania
which possessed these characteristics were selected for this study
(Figure 2). Basins 1 and 2 with areas of 0.2 square miles {126
acres: 0.52 Sg. Km.) and 0.82 square miles {396 acres; 1.6l 3q. Km.)
respectively, are drained by two branches of Schoolhouse Run. As
shown in Figures 3 and 4 these basins are located approximately 1/2
mile (0.87 Km) northwest of Trappe, Pennsylvania. Basin 3 which is
located 1 mile (1.6 Km) northeast of Pennsburg, Pennsylvania is
drained by the Macoby Creek and has an area of 1.09 square miles
(698 acres; 2.82 Sg. Km.). The Tocation of this basin is shown in

Figure 5.

4.2 Weir Installation

Stream flow data is required for calculating recharge by both the
baseflow and hydrologic budget methods. Ninety degree, sharp
crested triangular weirs were used for measuring stream flow. The
weirs consisted of a 3 foot by 5 foot by 1/4 inch steel plate with a

1.5 foot notch cut out from the center of the 5 foot side as shown

-13-
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on Figure 6, Crests of the weirs were beveled 30 degrees from hori-
zontal in the downstream direction. Maximum capacity of this size
and type of weir is 6.81 cubic feet per second. At stages less than
2 feet this type of weir has an accuracy level of approximately 98

percent {Gray; 1973).

Proper installation of the weir is essential for accurate flow
measurements. Straight segments of streams must be used for weir
placement so that water flow is directed toward the notch and
turbulence is minimized. The weir must be perfectly vertical and
leveled across the stream, The weir must be installed such that the
base of the notch is located high enough above Lhe streambed to
permit free flow of water over the crest. The approach pool which
results from the elevation of the notch must extend far enough

upstream to prevent turbulence at the weir.

Initially the dams used for channelling water through the weirs were
constructed using rocks, clay and plastic sheets as illustrated in
Figures 7, 8 and 9. This however, proved inadequate except for
short term monitoring of low flows. Final construction of the
stream gauges consisted of a rock and concrete wall extending into
the stream bed and several feet into each bank, with the weir plate
cemented into place at the ceater of the channel. Photographs

showing the final construction of the weirs in Basins 1, 2 and 3 are

-18~
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Flgure 8
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ial Weir Construction
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Figure 8

Initial Weir Construction

Basin 2
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Figure 9

Ini{ial Weir Construction

Basin 3
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presented as figures 10, 11 and 12, respectively. Construction was
begun by digging the necessary distance into both banks of the
stream and stream bed. A concrete foundation was then laid on hoth
sides of the stream, upon which a wall was built up to the elevation
where the top of the weir would be when completed. When the wall
was completed there was just enough space to slide the weir plate
into position at the center of the chanmnel. The weir plate was
driven at least & inches into the stream bed, which was composed
mostly of ¢lay at the three locations used for this study. Once it
was in place any gaps around the weir plate were sealed with cement
(Figure 13). A staff which was graduated in inches and millimeters
was placed towards one side of the stream, 3 to § feet upstream from
the weir. Large rocks were placed in the streambed below the notch
and along the banks'beneath.the'tontaining walls to prevent erasion
caused by water flowing over the weir and overflow during major

storm events.

Stage height on each of the weirs was recorded as often as possihle
for a period of one year. The stage height readings were then
converted to discharge rates using the equation for a ninety degree
triangular weir:

Q=25H 5/

where Q is the discharge rate in cubic feet per second and H is the

stage height in feet. Hydrographs wére constructed by plotting

.23-



Figure 10

Final Weir Construction
Basin 1
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Figure 11

Finfal Weir Construction

Basin 2
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Figure13

Clése-Up View of Weir Construction

Basin 1
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discharge versus time on arithmetic graph paper. Streamflow hydro-
graphs for each of the basins are presented in Appendix A. For
storm events where the actua) data was insufficient to plot the dis-
charge, peak flow rates were calculated using the rational equation:
0= CIA

where Q is Lhe peak discharge in cubic feet per second, C is the
ronoff coefficient, 1 is the rainfall intensity in inches per hour
and A is the drainage area in acres. The rynoff coefficient (C) was

estimated from Table 14-1 in Chow {1964). ..

4.3 Baseflow Recession Method

When calculating recharge by the baseflow recession method, the
portion of streamf1ow'pm1ch i§ derived from groundwater discharge
{basef low) for a given pertod of time is assumed tp'se equivalent to
the recharge for that éerioa. It must also be assuméd that there is
no significant change in groundwater storage and that the surface
water and groundwater divides coincide. In actuality there would be
a chronological offset equivalent to the residence time of the water
in the aquifer. The discharge hydrograph was separated into
baseflow and overland flow by extending the baseflow recession to a
point beneath each storm peak. A line was then drawn from thaf
point to the point on the curve where direct runoff ceased. The
point at which direct runoff ceased was determined using both a
judgment of the curve and the following eguation:

y - 20-2
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where N s the number of days after peak that direct runoff ended
and A is the drainage area in square miles. After separation of the
hydrograph, the volume of baseflow was determined by planimetering
the area under the curve., Baseflow in gallons/day was divided by
the area of the basin to give gallons/day/square mile which is then

equated to recharge.

4.4 Hydrologic Budget Method

A hydrologic budget which is expressed by the equation:
R = P-ET-Q

was also used to calculate the groundwater recharge. In this equa-
tion R is the groundwater recharge, P is precipitation, ET is evapo-
transpiration and § 1s storm or surface runoff. It i5 assumed that
there is no significant change in groundwater storage-and that the
surface water and groundwater gdivides coinéide( Precipitation was
measured in the field using rain gauges. Wedge type rain gauges
were installed at Basins 2 and 3 (Figure 14). Due to the close
proximity of Basins 1 and 2-a rain gauge was not necessary at Basin
1. Evapotranspiration was calculated using the methods of Thornth-
waite (1948) and Eagleman {1967). Temperature and relative humidity
data usad in the evapotranspiration calculations were obtained from
the Upper Perkiomen Yalley Park, Montaomery County, Pennsylvania and
the National Oceanographic and AtmOSphgric Administration (NOAA}

stations in Philadelphia and Allentown, Pennsylvania, respectively.
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Figure 14

Wédge Type Rain Gauge

Basin 3






The Thornthwaite {1948) method of calculating the potential evapo-

transpiration uses the following group of equations:

e=1.6(0¢t /12
i= (t/5)1‘514; t >0°C
[ = i

§ 3 5

a=6.75x 107 13 - 7.71 x 107 1% + 0.01782 1 + 0.49239
where e is the monthly evapotranspiration in centimeters, t is Lhe
mean monthly tamperature (°C)}, i is the monthly heat index and [ and

a are as shown.

Eagleman (1967) developed the following equations for calculating

potential evapotranspiration:

£, = C (0.035 e) (100-rH} 2
C=0.20 + 0.0133 t

where ET is the monthiy evapotranspiration rate in inches, eS is
the saturation vapor pressure in millibars, RH is the mean monthiy
percent relative humidity, t is the mean monthly temperature (°F)
and C is a coefficient. [If monthly temperatures are Jess than 30°F,
C is equal to a constant value of 0.6. At temperatures greater than
70°F, the value of C remains constant at 1.13. The saturation vapor

pressure e, was determined from Figure 6.2 in Petterssen {1969).

S
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Potential eyvapotranspiration calculated by six different methods was
plotted against measured potential evapotranspiration by Eagleman.
This graph which s included as Figure 15 indicates that the Eagle-
man method is more accurate than both the Thornthwaite (1948) and
Blaney and Criddle (1962) methods. Although the methods of Mcllroy
(1964), Budyko (1956} and Penman (1956) were more accurate than
Eagleman’s, they reguire much more detailed meteorological data,
such as measured soil moisture content and wind speeds at several

heights above the ground.

Based upon Eagleman (1967) actual evapotranspiration is equal to
approximately 72 percent of the potential evapotranspiration. An
equation was derived by fagleman {1876} to more accurately calculate
the actual evapotranspiration. Use of this equation, however, was
beyond the scope of this study due to the data required for the
calculation. Annual actpal evapotranspiration for the United States
calculated by Eagleman {1976) using this method is shown in Figure

16.

Storm or surface runoff (Q) was determined by separating the hydro-
graph 1into its components as described in the previous section,
That portion of the hydrograph which was attributed te storm runoff

was then planimetered to determine the volume for each month,
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Calculated Evapotranspiration

Figure 15

Comparison of Methods for
Calculating Evapotranspiration

10

et

0 2 4 8 8 10

Measured Evapotranspiration

1 McILROY
2 BUDYKQ, PENMAN
3 EAGLEMAN

SOURCE: EAQLEMAN (1967) 4 BLANEY & CRIDDLE
5 THORNTHWAITE
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Figure 16

Annual Actual Evapotranspiration in the United States
{inches)

13
113

10

i5

SOURCE: EAGLEMAN {1878)
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R

A1l data was collected for a period of one year, from December 1982
to November 1983. Groundwater recharge rates were calculated

monthly for this period.
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5.0 BASIN CHARACTERISTICS AND MORPHOLOGY

Climate, geology and basin morphalogy are the primary factors affecting
groundwater recharge. Due to the proximity of the three basins used in
this study, climatic conditions are nearly the same in each. General
characteristics of the basins, including geology, morphalogy, soils and
land use are described in this section. This information provides a

basis for possible variations n groundwater recharge.

5.1 Basin 1

Basin 1 with a drainage area of 0.20 square miles (126 acres; 0.52 3q.
Km.) is located approximately 1 mile {1.6 Km.) northwest of Trappe, Pen-
nsylvania (Figure 3). A small branch of Schoolhouse Run drains the
basin, The length of the basin, which is actually the distance between
the basin outlet and the most remote point as measured along. the water-
course is approximately 3,000 feet. The basins rise which is the dif-
ference in elevation between the highest point in the basin and the
lowest {basin outlet) is 70 feet. The rise is equivalent to the relief

of the basin. Thus, the slope of the basin is 0.023.

Time of concentration for the basin is the time it takes for surface
runoff to flow from the farthest point in the basin to the basin cutlet.
The time of concentration for Basin 1 was calculated to be 0.27 hours,

using the fol?owidg equation which was developed by Kirpich (1940):
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5.0 BASIN CHARACTERISTICS AND MORPHOLOGY

Climate, geology and basin morphalogy are the primary factors affecting
groundwater recharge. Due to the proximity of the three basins used in
this study, climatic conditions are nearly the same in each. General
characteristics of the basins, including geology, morphalogy, soils and
land use are described in this section. This information provides &

basis for possible variations in groundwater recharge.

5.1 Basin 1

Basin 1 with a drainage area of 0.20 sguare miles (126 acres; 0.52 Sq.
Km,) is located approximately 1 mile (1.6 Km.) northwest of Trappe, Pen-
nsylvania (Figure 3). A small branch of Schoolhouse Run drains the
basin. The length of the basin, which is actually the distance between
the basin outlet and the most remote point as measured along the water-
course is approximately 3,000 feet. The basins rise which is the dif-
farence in elevation between the highest point in Lthe basin and the
lowest {basin outlet) is 70 feet. The rise is equivalent to the reh‘ef.

of the basin. Thus, the slope of the basin is 0.023.

Time of concentration for the bhasin is the time it takes for surface
runoff to flow from the farthest point in the basin to the basin outlet.
The time of concentration for 8asin 1 was calculated to be 0.27 hours,

using the fo1]owiﬁg equation which was developed by Kirpich (1940):
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(1) te = 0.00013 x LO.77

¢0.385

where tc is the time of concentration in hours, L is length of the
basin in feet and S is the ratio, of the basin rise t¢ the basin
length in feet, or approximately the average slnpe of the basin,

Equation {1} for 8asin 1 becomes:

te = 0.00013 x 3,000 077

0.023330" 38

= 0.27 hrs

Mockus (1957) developed the following equation for calculation of
time of peak: | )
{2) Pr = tc + 0.60 tc
where Pr is the time of peak or the time from the beginning of run-
of f to the time of peak runoff in hours, anq tc is the time of con-
centration in hours, Basin characteristics are summarized in Table
2. Equation (2) for basin 1 becomes:
Pr = 0.52 + {0.60 x 0.27) = 0.68 hrs

Soils present in Basin 1 are primarily of the Reaville Series
(Figure 17). These soils are moderately deep, moderately well
drained to somewhat poorly drained reddish shaley silt loams, They
have a relatively low permeability and moderate to low available
mojsture content. Members of other so0il series also present in the
basin include the Penn silt loam which has a moderate to high per-

meability, the Rowland silt loam with a moderate permeability,
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TABLE 2

BASIN CHARACTERISTICS

Basin Characteristics Basin 1 Basin 2 Basin 3
Basin Area 0.20 sg.m. 0.62 sq.mi. 1.09 sq.mi,
0.52 sqg.km. 1.61 sq.km, 2.82 sq.km.
Basin Length 3,000 feet 6,200 feet 11,400 feet
813 meters 1,890 meters 3,475 meters
Basin Rise 70 feet %0 feet 165 feet
21 meters 27 meters 80 meters
Average Slope 0.023 0.015 0.014
Time of Concentration 16 minutes 33 minutes 53 minotes
Time of Peak 41 minutes 84 minutes 90 minutes
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SOURCE: SOIL CONSERVATION SERVICE. SOit. SURVEY, MONTGOMERY COUNTY, PA, APRIL 1967
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FIGURE 17 (Continued)

LEGEND

AbA - Abbottstown silt loam, O to 3 percent s)opes
AbB2 - Abbottstown silt loam, 3 to 8 percent slopes
CrA - Croton silt loam, 0 to 3 percent slopes

KsC3 - Klinesville very shaly silt loam, 8 to 15 percent slopes,
severely eroded

PeB3 - Penn silt loam, 3 to 8 percent slopes, severely eroded
ReB2 - Readington silt Toam, 3 to 8 percent slopes, moderately eroded

RsA2 - Reaville shale silt loam, O to 2 percent slopes, moderately
eroded

RsB2 - Reaville shaly silt loam, 3 to 8§ percent slopes, moderately
eroded

RsB3 - Reaville shaly silt leam, 3 to 8 percent slopes, severely
eroded

RsC3 - Reaville shaly silt loam, 8 to 15 percent slopes, severely
eroded

Rt ~ Rowland silt loam

 ~40-



the Readington silt loam with a moderate to low permgability, the
Croton silt loam with a Jow permeability and the Abbottstown silt
loam with a very Jlow permeability. TYhe areas directly adjacent to
the stream channel are occupied exclusively by the Rowland silt loam
{Soi]1 Conservation Service 1967). Bedrock is relatively shallow, in

most areas less than 5 feet below grade.

Land use in Basin 1 had been primarily agricultural in the past,
however, within a few years previous to this study, no crops have
been planted and the dominant vegetation consists of low grasses.
Host of the area along the watercourse is wooded. Two small ponds
are present on the watercourse towards the lower end of the basin.
Only eight houses are present in the basin, with the majority
clustered near the northeast corner, Therefore, domestic activity

has practically no impact on the natural recharge.

5.2 Basin 2

8asin 2 which borders the western and southern edges of Basin 1
(Figure 4} has a drainage area of 0.62 square miles {396 acres; 1.6
Sq. Km.)}. The basin, which is drained by a branch of Schoolhouse
Run has a length of approximately 6,200 feet. This length is mea-
sured along the watercourse from the most remote point to the basin
outlet. The basin rise which is the difference in elevation between
the highest point in the basin and the lowest (basin outlet} is 90

feet. Based upon this length and rise, the basin slope is 0.015.

4]~



Using the metheds described in the previous section on Basin 1, the
time of concentration for Basin 2 was calculated to be Q.55 hours.
Time of concentration is the time it takes for surface runoff to
flow from the farthest point in the basin to the basin outlet. The
time of peak which was also discussed in the previous section was
calculated to be 1.07 hours for basin 2. Time of peak is the time
from the beginning of surface runoff to the time of peak runoff.

Basin characteristics for Basin 2 are summarized in Table 2.

The dominant soils in Basin 2 are members of the Penn, Reaville and
Readington Series .(Figure 18). Members of the Penn series are
moderately deep to shéllow reddish brown silt Joams which are well
drained. These soils have moderately high permeability and Jow to
moderate available moisture capacity. Soils of the Reaville series
are moderately deep, moderately well drained or somewhat poorly
drained, reddish shaley silt Joams. These soils have a relatively
low permeability and moderate to Tlow available moisture capacity.
Readington series soils are deep, moderately well drained silt loams
with moderately low permeability and moderate to high available

moisture capacity.
Other soil types present in the basin include the Penn-Klinesville

very shaley silt loams, Rowland siit loam, Bowmansyille silt loam

(local alluvium), Croton silt Joam, Klinesville very shaley silt
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SOURCE: SOIL CONSERVATION SERVICE, SOIL SURVEY, MONTGOMERY COUNTY, PA, APRIL 1967
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FIGURE 18 {Continued)

LEGEND

AbA - Abbottstown silt loam, O to 3 percent slopes

AbB2 - Abbottstown silt Toam, 3 to 8 percent slopes, moderately
eroded

BrA - Bowmansyille silt loam - local alluvium, G to 3 percent siopes
BrB - Bowmansville silt loam - local alluvium, 3 to 8 percent slopes
CrA - Croton silt loam, O to 3 percent slopes

KsC3 - Klinesville very shaly silt loam, 8 to 15 percent slopes,
severely eroded

LeB2 - Lawrencevile s$ilt leam, 3 to 8 percent slopes, moderately
eroded

PeB2 - Penn silt loam, 3 to 8 percent slopes, moderately eroded
PeB3 - Penn silt toam, 3 to 8 percent slopes, severely eroded
PeC3 - Penn silt loam, 8 to 15 percent slopes, severely eroded

PkD3 - Penn-Klinesville very shaty silt Tloam, 15 to 25 percent
slopes, severely eroded

ReA - Readington silt loam, O to 3 percent slopes
ReB2 - Readington silt loam, 3 to 8 percent slopes, moderately eroded

RsB2 - Reaville shaly silt loam, 3 to 8 percent slopes, moderately
eroded

RsB3 - Reaville shaly silt Joam, 3 to 8 percent slopes, severely
eroded

RsC3 - Reaville shaly silt loam, 8 to 15 percent slopes, severely
eroded

Rt ~ Rowland silt Tloam
RwA - Rowland silt loam - local alluvium, 0 to 3 percent slopes

RwB - Rowland siltt loam - local alluvium, 3 to 8 percent slopes

..44..



lpam, Abbottstown silt Tloam and the Lawrenceville silt loam. Per-
meability of these soils ranges from moderate in the Rowland, Bow-
mansville, Klinesyille and Lawrenceville to low and very low in the
Croton and Abbottstown, respectively (Soil Conservation Service
1967). Bedrock is relatively shallow, less than 5 feet below grade

in most areas.

Approximately 10 percent of Basin 2 is wooded. The remainder of the
basin consists of low density residential areas, agricultural areas
used primarily for growing corn and former agricultural areas which
have reverted to grasslands. There are approximately 75 houses in
the basin with the majority clustered near the northern and southern
ends of the basin., Although the Collegeville-Trappe Joint Water
Authority operates several high volume water supply wells in the
vicinity of Basin 2, they are not close enough to have significant
impact on the basin. The geologic characteristics, soil conditions
and land use 1in Basin 2 are similar to those in Basin 1 thus

recharge characteristics would be expected to be similar.

5.3 Basin 3

Basin 3 1is located approximately ! mile (1.6 Km.} northeast of
Pennsburg, Pennsylvania as shown on Figure 5, and has a drainage
area of 1.09 square miles (698 acres; 2.8 Sq. Km.}. the basin is
drained by & branch of the Macoby Creek. Length of the basin as

measured along the watercourse from the most remote point to the
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basin outlet, is approximately 11,400 feet. The basin rise which is
the difference in elevation between the highest point in the basin
and the lowest {basin outlet) is 165 feet. Based upon the basin

rise and basin length, the slope was calculated to be 0.015.

The methods described in the section on Basin 1 were used to calcu-
late the time of concentration and time of peak for Basin 3. Time
of concentration which is the time it takes for surface runoff to
flow from the farthest point in the basin to the basin outlet was
determined to be 0.88 hours. The time from the beginning of runoff
to the peak runoff, known as the time of peak, is 1.5 hours for this

basin. Basin characteristics for Basin 3 are summarized in Table 2.

Soils in Basin 3 are primarily members of the Lehigh, Doylestown,
Mount Lucas and Penn series (Figure 19). The Lehigh series consists
of deep, light to dark gray silt loams which are moderately well to
somewhat poorly drained. These soils have a low permeability and a
moderate available moisture capacity. Doylestown series soiis are
deep, poorly draining grayish brown to brown silt loams with moder-
ate available soil moisture and low permeability, Soils of the
Mount Lucas series are deep, moderately well drained and somewhat
poorly drainaged grayish-brown to brown to reddish-yellow silt
loams. They have a high available moisture capacity yet a low

permeability. Members of the Penn series are moderately deep to
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SOURCES: SOIL CONSERVATION SERVICE. SOIL SURVEY. MONTGOMERY COUNTY, PA, APAIL 1967

SO SURVEY LEHIGH COUNTY, PA, NOVEMBER 1953.

SOIL SURVEY OF BUCKS & PHILADELPHIA COUNTIES, PA, JULY 1975
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Soils Map - Basin 3



FIGURE 19 (Continued)
LEGEND

AbB2 - Abbottstown silt loam, 3 to 8 percent slopes, moderately
eroded

AbC - Abbottstown silt loam, 8 to 15 percent slopes

AdB - Allenwood gravelly silt loam, 3 to 8 percent slopes
ASC « Allenwood gravelly silt loam, 8 to 15 percent slopes
Bo - Bowmansville silt loam

8p - Bowmansville silt lToam

BtD - Brecknock soils, very channery subsoil variant, 15 to 23
percent slopes

CrB - Croton silt loam, 3 to 8 percent slopes

CrB2 - Croton silt loam, 3 to 8§ percent slopes, moderately eroded
DoA - Doylestown silt loamm O to 3 percent slopes

DoB - Doylestown silt Joam, 3 to 8 percent slopes

KIB2 - Klinesyille shaly silt loam, 3 to 8 percent slopes,
moderately eroded '

K1C - Klinesville very shaly siit loam, 8 to 15 percent slopes
K10 - Klinesville very shaly silt loam, 15 to 25 percent slopes

KsC3 - Klinesville very shaly silt lcam, 8 to 15 perent slopes,
severely eroded

KsE3 - Klinesville very shaly silt loam, 15 to 35 percent slopes,
severely eroded

LhB - Lehigh channery silt lcam, 3 to 8 percent slopes

LhB2 ~ Lehigh channery silt loam, 3 to 8 percent slopes moderately
eroded

LhB3 - Lehigh channery silt loam, 3 to 8 percent slopes severely
‘eroded )

LhC - Lehigh channery silt loam, 8 to 18 percent slopes

-48..



LEGEND (Continued)

Lh{3 - Lehigh channery silt loam, 8 to 15 percent slopes, severely
eroded

L1D - Lehigh extremely stoney silt loam, 8 to 25 percent slopes

MIA « Mount Lucas silt loam, 0 to 3 percent slopes

M18 - Mount Lucas silt loam, 3 to 8 percent slopes

M0B - Mount Lucas extremély stoney silt loam, O to 8 percent slopes
NeB - Neshaminy channery silt loam, 3 to 8 percent slopes

PaB2 - Penn shaly silt Tlcam, neutral substratum, 3 to 8 percent

slopes, moderately eroded

PaB3 - Penn shaly silt loam, neutral substratum, 3 to 8 percent
slopes, severely eroded

PaC3 - Penn shaly silt loam, neutral substratum, 8 to 15 percent
slopes, severely erocded

pe8 - Penn silt loam, 3 to 8 percent slopes
PeB2 - Penn silt loam, 3 to 8 percent slopes, moderately eroded
peC3 ~ Penn silt loam, 8 to 15 percent slopes, severely eroded

PhB3 - Penn-Klinesville shaly silt loams, 3 to 8 percent slopes,
eroded

PIE - Penn-Klinesville extremely stoney silt loams 25 to 50 percent
slopes

PKC3 - Penn-K1inesville complex, 8 to 15 percent slopes, eroded

RdB - Readington silt loam, 3 to 8 percent slopes

RdB2 - Readington silt loam, 3 to 8 percent slopes, moderately eroded
ReB2 - Readington silt loam, 3 to 8 percent slopes, moderately eroded
ReB - Reaville shaly silt leam, 3 to 8 percent slopes

ReC - Reaville shaly silt loam, 8 to 15 percent slopes

RsC3 - Reaville shaly silt loam, 8 to 15 percent slopes, severely
eroded

TwB - Towhee extremely stoney silt loam, 0 to 8 percent siopes
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shallow, reddish brown silt loams which are well drained. Moderate-
1y high permeability and low to moderate available moisture capacity

are characteristic of these soils.

Members of ten other s0il series are also found the Basin 3. These
include the Abbottstown, Allenwood, Bowmansville, Brecknock, Croton,
Klinesville, Norton, Neshaminy, Readington and Towhee series. Bed-
rock is relatively shallow, less than 5 feet below grade in most

areas.

Land use in the basin is primarily for agricultural purposes. Some
areas which are no longer cultivated have reverted to grasslands.
Approximately 20% of the basin is wooded, most of which is in the
northeastern or upstream section., Population density is low as
indicated by the fact that there are only approximately 50 houses
within the basin. The majority of these houses are clustered along
the Geryville Pike which bisects the basin in a north-south

direction.

Basin 3 differs geologically from Basins 1 and 2 in several
respects. As shown in Figure 20, approximately 2 percent of the
basin, near the northeast divide is underlain by disbase. The
aurecle associated with the diabase intrusives extends over approxi-

mately 1/3 of the basin. Within this area the Brunswick shale has
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Figure 20

Geology of Basin 3
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undergone varying degrees of contact metamorphism as discussed in
Section 2.0. According to Kammerer (1953} the Brunswick Formation
consists primarily of limestone fanglomerate in Basin 3. Field
mapping conducted for this study indicated that approximately

one-third of the basin s underlain by Fanglomerate.
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6.0 RESULTS

.1 Baseflow Recession Method

Groundwater recharge was calculated monthly for the period from
December 1982 through November 1983 using the baseflow recession
method. Examples of the recharge calculations are presented in Ap-
‘pendix B. The average monthly flow rates during periods of baseflow
recession for each of the basins are presented in Table 3. Basins 1
and 2 each exhibited periods of zero stream flow during the warmer
months whereés streamflow in 8asin 3 never dropped below approxi-
mately 8 gallons per minute (see Figures 21, 22 and 23). The lowest
average monthly streamflow for 8asin 3, 47 gallons per minute
occurred in August 1983. Maximum average monthly flow rates were
213 gpm, 617 gpm and 1,604 gpm for Basins 1, 2 and 3 respectively.
fhe maximum flows occurred during March in Basins 1 and 2 and April
in Basin 3. Photographs illustrating near capacity flow at each of
the weirs are presented as Figures 24, 25 and 26. Ouring many storm

events, the capacity of the weirs was greatly exceeded.

Calculated monthly groundwater recharge rates are listed in Table 4
and presented graphically as Figures 27, 28, and 29. The monthly
groundwatér recharge rates calculated for Basin 1 ranged from zero
to 1,556,000 gallons/day/square mile with an average annual recharge

rate of 441,000 gallons/day/square mile. Basin 2 had average
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AVERAGE MONTHLY FLOW RATE DURING PERINDS

TABLE 3

Of BASEFLOW RECESSION
{GALLONS PER MINUTE)

Month 8asin #1 Basin #2 3asin #3
December 1982 43 169 307
January 1983 60 200 583
February 1983 151 395 95
March 1983 213 617 1,244
April 1983 112 557 1,604
May 1983 49 148 571%
June 1983 11 49 258*
July 1983 H 0 134*
August 1983 0 0 47%
September 1983 0 0 53
October 1883 0 24 76
November 1983 32 154 237

* Fstimated
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Figure 21

Low Flow Basin 1
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~ Figure 22

Low Flow - Basin 2
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Figure 23

Low Flow - Basin 3
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Figure 24

Storm Runoff - Basin 1
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