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1.0

INTRODUCTION AND PURPOSE

This project, which is identified as the Base Flow and Impervious Cover in West Conewago
Creek Watershed, Upstream of East Berlin, PA is a continuation of a Growing Greener project
related to the installation of the U.S. Geological Service (USGS) real-time stream gage at East
Berlin, which began recording data on September 11, 2003.
The two key items discussed in this report are:
•

Evaluation of the groundwater contribution (or base flow) to the West Conewago Creek
watershed upstream of the East Berlin stream gage by using hydrogeologic data
generated primarily from the USGS Gerhart and Lazorchick (1988) model of the Lower
Susquehanna River Basin, and

•

Consideration of how the impervious cover (e.g., roads, parking lots, and other paved
surfaces) within the watershed may affect base flow and available water resources.

This report was prepared for the Watershed Alliance of Adams County (WAAC) by
GeoServices, Ltd of Camp Hill, Pennsylvania. The graphic information system (GIS) data and
figures used in this report were prepared by the Adams County Conservation District. The project
was financed by a Growing Greener, Environmental Stewardship and Watershed Protection Grant
provided by the Pennsylvania Department of Environmental Protection. The views expressed herein
are those of the author(s) and do not necessarily reflect the views of the Department of
Environmental Protection.
Comments received since preparation of an earlier draft of this report have been addressed
and the text, along with some recharge values, were adjusted as appropriate. In addition, the most
current stream gage data available from the East Berlin gage were used.

GeoServices, Ltd.
Environmental & Hydrogeologic Services

1

2.0

BACKGROUND INFORMATION

Adams County, and the West Conewago Creek Watershed in particular, are situated in an
area of Pennsylvania where management of water resources is of critical importance. The
combination of the underlying geology and continued growth in the area requires implementation
of careful, long-term water resources planning.
As an example, in its recent Groundwater Management Plan (2005), the Susquehanna River
Basin Commission (SRBC) identified a number of “Potentially Stressed Areas” and “Water
Challenged Areas.” Two of the Potentially Stressed Areas (The Pennsylvania Fruit Belt and
Hanover Area) fall within a portion of the West Conewago Creek Watershed, as do portions of the
two water-challenged areas known as the Bonneauville Shale and diabase area.
Water resource planning includes evaluating physical conditions of the watershed, along with
well yield, precipitation and stream flow, and combining these data with demographic information
(e.g., land use, population and growth projections) and actual water use. An important factor when
evaluating physical conditions of a watershed is consideration of the groundwater contribution to
the stream known as base flow. The base flow is the flow provided from groundwater storage and
observed in the stream during low-flow conditions, and, therefore, is very useful for long-term
planning processes. Diminished base flow can have a deleterious impact on both the water available
for withdrawal and the stream habitat, especially during drought conditions.
Flow measurements from stream gages are commonly used to evaluate and predict base flow.
However, because the stream gage at East Berlin has been operating for only a few years (since
September 2003), stream gage data alone is not sufficient to evaluate long-term base flow conditions
at this location. For this reason, another method, which calculates base flow based on the underlying
geologic units in the watershed, was used and is discussed in this report. To evaluate the results of
using this method, a comparison was made between the calculated base flow value and other
regional estimates of base flow. As part of this project, an evaluation of the impacts of impervious
cover on base flow within the watershed was also prepared.
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3.0

DESCRIPTION OF WATERSHED

The study area for this project is the approximately 219-square mile portion of the West
Conewago Creek watershed that is located upstream of the gaging station at East Berlin. The East
Berlin station (No. 01573825) is located on the right bank of the West Conewago Creek
approximately 100 feet downstream from the bridge on Pennsylvania State Highway 234. The
location of the gage is shown on Figure 1 and the location of the watershed relative to the various
municipalities is shown as Figure 2.
As shown on Figure 2, the shape of the watershed upstream of East Berlin is somewhat
unusual. Rather than being a teardrop shape with flow toward one end, it is elongated in a northwest
to southeast direction with drainage toward the center at East Berlin. Flow from East Berlin is then
to the northeast and the Susquehanna River. While the majority of the watershed upstream of the
East Berlin gage is within Adams County, a small western section is within Cumberland County and
part of the watershed to the southeast is in York County, Pennsylvania and Carroll County,
Maryland. There are 15 subbasins of various sizes within the watershed (Table 1) and a total of
nearly 530 miles of streams. The smallest subbasin is the 0.3 square mile Lippencot Spring Creek
subbasin and the largest, the main branch of West Conewago Creek subbasin which covers an area
of 73.3 square miles. As shown on Figure 3 other larger subbasins include the South Branch
Conewago Creek (57.0 square miles), Opossum Creek (27.1 square miles) and Swift Run (10.3
square miles).
3.1

Relationship Between Recharge and Geologic Setting

When evaluating water resources in a watershed, a water budget is typically considered. The
underlying premise of a water budget is that over the course of a year, precipitation (both rainfall
and snow melt) will equal the amount of water in the streams (e.g., stream flow) plus the amount
of water used by vegetation that is returned to the atmosphere (commonly called evapotranspiration
or ET). While other factors can be considered, a simple equation for a water budget is:
Precipitation = Streamflow + Evapotranspiration
Some precipitation infiltrates through the soil and rock and recharges the underlying
groundwater aquifer. Eventually, groundwater recharge is returned to the stream and becomes part
of the stream flow. Stream flow can be further divided into the groundwater recharge component,
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known as base flow, and the overland flow component known as surface runoff. As an equation,
this can be written as:
Streamflow = Groundwater Recharge (or base flow) + surface runoff
Calculations of base flow are typically made on an annual basis and over this period of time,
changes in groundwater storage are typically minimized. The average annual precipitation varies
across Adams County. Low and Dugas (1999) reported average annual precipitation from 1872 to
1993 at the Eisenhower National Historic site as 43.44 inches, which is somewhat higher than other
reported annual averages for other parts of the county over different time periods. The USGS
computer program StreamStats (Stuckey 2006) lists the mean annual precipitation for the East Berlin
gaging location as 40.1 inches.
Taylor and Royer (1981) estimated that under normal conditions over the course of a year,
more than half (about 61 percent) of precipitation is lost to evapotranspiration in Adams County
with higher percentages lost during dry years. Assuming a mean annual precipitation value of
approximately 40 inches, and minimal influence from other factors, approximately 24 inches (61
percent) is lost to evapotranspiration with the remaining 16 inches (39 percent) returning as stream
flow. As discussed later, slightly less than half of the total stream flow (about 8 inches) is base flow.
Stream flow is measured several times each hour at the East Berlin gage and current conditions may
be observed at the USGS National Water Information System (NWIS) website,
http://waterdata.usgs.gov/nwis/rt.
Stream gage data is regularly used to assess the quantity of base flow using a variety of
graphic or computer methods. Further discussion of the methods, which include hydrographic
separation, can be found in publications from the USGS, including Sloto and Crouse (1996),
Rutledge (1998), Risser, et al. (2005), and Stuckey (2006). When calculating average annual base
flow from stream gage records, long-term monitoring records of several years are needed to evaluate
base flow that is statistically representative of stream conditions. The short time interval of record
for the gage at East Berlin (September 2003 through September 2008, with only four full calendar
years of data) does not currently allow for a statistical evaluation of annual base flow conditions
using the East Berlin data alone or development of statistical estimates for different flow conditions.
As a result, base flow was calculated using hydrogeologic parameters as discussed in Section 4.0
of this report.
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4.0

APPLICATION OF USGS HYDROGEOLOGIC MODEL

Previous studies by the USGS have shown that the underlying rock type, or lithology, is a
key factor that can be used to estimate the base flow component of stream flow. Using this
approach, Gerhart and Lazorchick (1998) developed a digital model to evaluate groundwater
resources in the Lower Susquehanna River Basin. As a part of their work, values were developed
that can be used to calculate base flow for the different lithologies present in the watershed.
4.1

Discussion of Hydrogeologic Units

Based on the mapping prepared by the Pennsylvania Geologic and Topographic Survey and
the Susquehanna River Basin Commission (SRBC), 22 different geologic units are present in the
watershed (Figure 4). Table 2 lists the geologic unit, geologic age, the area of each geologic unit
within the watershed (in square miles), and the percentage of total watershed area that each geologic
unit covers. The geologic units on Table 2 are grouped according to geologic age.
As shown on Table 2 Triassic rocks underlie about half (48%) of the watershed. The
Precambrian rocks, primarily the metavolcanics at South Mountain make up the second highest
grouping at nearly 18 percent. Cambrian rocks make up approximately 12 percent, with the Lower
Paleozoic schists, Jurassic diabase and Conestoga formation, each comprising approximately 7
percent of the total area.
Each geologic unit in the watershed was assigned to a hydrogeologic unit that follows the
designations used by Gerhart and Lazorchick (1988). The Gerhart and Lazorchick model does not
include all of the watershed, or include all of the geologic units identified on Figure 4. Therefore,
assignment of hydrogeologic units was made on the basis of similarity between the geologic units
in the Gerhart and Lazorchick model and rocks in the watershed. The numeric values listed on
Table 2, under the column, Hydrogeologic Unit, correspond to the hydrogeologic unit used in the
Gerhart and Lazorchick (1988) model. The assignment of the hydrogeologic units is not absolute
and other designations may be made that could influence calculations of base flow. However, given
the available data, and scope of this report, the designations used are believed to be reasonable.
In general, rocks of the same age fall into the same hydrogeologic unit. Some exceptions
to this general category and other comments regarding the hydrogeologic units are:
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Diabase. Diabase is one of the lowest yielding rocks in the Susquehanna River Basin and
is one of two Water Challenged Areas designated by the Susquehanna River Basin
Commission (SRBC) that fall within the West Conewago Creek watershed. Because of its
extremely low water-bearing capabilities the diabase was considered a “no flow” boundary
in the Gerhart and Lazorchick model. In actuality, there is some flow in the diabase.
However, for the purposes of this report, and to be consistent with the Gerhart and
Lazorchick model, no recharge value was assigned to diabase when calculating base flow.
This assumption results in a slightly more conservative estimation of recharge, especially
when considering that the diabase underlies nearly 7 percent of the total area of the
watershed.
Bonneauville Shale. The Bonneauville Shale is an informal geologic designation used by
the Susquehanna River Basin Commission (SRBC) and is the second Water Challenged Area
in the watershed. The Bonneauville Shale occurs at the base of the Gettysburg Formation
with the majority of this unit falling within what is currently mapped by the Pennsylvania
Geologic Survey as the New Oxford Formation. Based on mapping information obtained
from the SRBC, the Bonneauville Shale belt is present beneath approximately 10 percent of
the watershed. According to the SRBC, the aquifer consists of poorly bedded silty shale (or
mudstone). Reportedly, base flows within the Bonneauville Shale are extremely low,
indicating reduced recharge for this unit.
Gerhart and Lazorchick (1988) identified the area of the Bonneauville shale as the
New Oxford Formation in their model and include this unit in Hydrogeologic Unit No 5,
Western Triassic sedimentary rocks along with the Gettysburg and Hammer Creek
Formations. Although it is recognized that this unit has lower water bearing capabilities, the
Bonneauville shale was not a recognized unit in the Gerhart and Lazorchick report and a
separate hydrogeologic unit was not designated. Low and Dugas (1999) reported a recharge
for the New Oxford of approximately 0.41 million gallons per day per square mile (mgd/mi2)
while the model recharge value in Gerhart and Lazorchick for this unit is 0.34 mgd/mi2. In
conversations with the SRBC, a recharge value on the order of 0.120 mgd/mi2 was suggested
rather than the higher values of 0.41 mgd/mi2 or 0.34 mgd/mi2. For the purposes of this
report, a recharge value of 0.120 mgd/mi2 is used. As additional information becomes
available, revision to the recharge value for the Bonneauville Shale may be appropriate.
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Metarhyolite and metabasalt. These two units primarily underlie South Mountain and
approximately 14 percent of the watershed. In their model, Gerhart and Lazorchick did not
include South Mountain because of the relatively poor aquifers, lack of data, and what, at
the time, was estimated as lack of development potential. As a result, a hydrogeologic unit
was not assigned for these units in the Gerhart and Lazorchick model. These units, which
are identified in part as Catoctin Formation Metavolcanics, also underlie a portion of the
SRBC’s potentially stressed area identified as the Pennsylvania Fruit Belt. This area is
considered a potentially stressed area because of the increasing use of irrigation to meet the
orchards’ water needs and expansions of operations from seasonal to year-round food
production. Taylor and Royer (1981) list the water-bearing characteristics of the
metarhyolite and metabasalts as the same, therefore, these two units are assigned the same
hydrogeologic unit for this report.
In their publication, Low and Conger (2002) estimated a recharge for Carroll Valley,
Adams County based on crystalline rocks described in other publications and an average
precipitation of about 46.5 inches. Based on information from StreamStats, the mean annual
precipitation in the area of the metarhyolite and metabasalt units in this watershed is lower
and approximately 43 inches. Prorating this value to reflect the lower average precipitation
results in a recharge value for these units of approximately 0.60 mgd/mi2. This recharge
value is higher than many other units in the watershed (Table 3) suggesting that it may
overestimate the recharge value for these units.
Information published in a June 2005 report from the Interstate Commission on the
Potomac River Basin Annual and Seasonal Water Budgets for the Monocacy/Catoctin
Drainage Area (ICPRB Report No. 04-04) includes estimates of annual recharge rates for
four hydrogeomorphic regions including the Blue Ridge Crystalline region of 910 gallons
per day per acre or 0.58 mgd/mi2. This value may also reflect higher rainfall within the
study area which was listed as 48 inches at the Catoctin gage. If prorated to 43 inches of
precipitation, the recharge value is 0.52 mgd/mi2.
Unpublished base flow separation data compiled for geologic units in the Blue Ridge
by Mr. Patrick Hammond of the Maryland Department of the Environment was also
considered. These data list base flow data ranging from 10.9 to 16.2 inches for three
separate basins in the Blue Ridge with the lowest value reported for Catoctin Creek with a

GeoServices, Ltd.
Environmental & Hydrogeologic Services

7

mean annual precipitation of 42.5 inches. Because published reports consistently list these
units as low-yielding, the lowest base flow value of 0.52 mgd/mi2 from Catoctin Creek was
considered. Based on these results and for the purpose of this report, the recharge value
(0.52 mgd/mi2) was used for the South Mountain metavolcanics. As additional recharge
information becomes available, revisions to this value may be appropriate.
Conestoga Formation. The Conestoga Formation, located in the southeastern portion of
the watershed, is generally described as a graphitic or micaceous limestone and dolomite
with argillaceous, shaley partings. Some sections of the Conestoga Formation may have
lower yields than other units included with the Conestoga Valley carbonates rocks west of
the Susquehanna River, which likely reflects increasing local shale content. As a result,
recharge in some sections of the Conestoga Formation may also have a recharge value lower
than the model recharge assigned to this part of the watershed in the Gerhart and Lazorchick
model. As additional information becomes available, revision to the recharge value for the
Conestoga Formation may be appropriate.
4.2

Calculation of Recharge

A summary of the hydrogeologic units and recharge values used in the calculation of base
flow is provided on Table 3. To calculate recharge (base flow) in the watershed, the area of each
geologic unit (in square miles) within the watershed was multiplied by the steady state model
recharge for each hydrogeologic listed in Table 15 of Gerhart and Lazorchick (1988) or assigned
values as discussed above. Based on these values, the recharge (or base flow) for the watershed
above the East Berlin gage is estimated to be approximately 76 million gallons or 118 cubic feet per
second (cfs), which is equivalent to approximately 7.2 inches or 0.348 mgd/mi2. Assuming an
annual rainfall of approximately 40 inches and total stream flow of 16 inches, the base flow is
slightly less than half of the total stream flow.
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5.0

COMPARISON OF CALCULATED BASE FLOW WITH STREAM FLOW DATA

The calculated recharge of 7.2 inches is considered base flow, or the average annual amount
of total stream flow that is contributed by groundwater in the watershed. To further evaluate this
result, a comparison was made with stream flow measurements for the entire West Conewago Creek
Watershed and other statistical evaluations of base flow. In this report, the “entire” West Conewago
Creek Watershed refers to both the section of the watershed shown on Figure 2 upstream of the East
Berlin gage and the lower, or downstream, part of West Conewago Creek above the gage at
Manchester, York County. The area of the “entire” watershed is 510 square miles compared to 219
square miles for the area upstream of East Berlin.
5.1

Comparison with Longer-Term Stream Gage Records

As discussed earlier, the record from the East Berlin gage, while providing reliable
information, is recorded over too short a time period to calculate a statistical average base flow over
several years. Therefore, a comparison of the base flow calculated in this report was made for the
entire West Conewago Creek, which has stream flow data dating back to 1928.
Risser, et al. (2005) calculated estimates of groundwater recharge based on two techniques
of evaluating stream flow hydrographs. The first technique uses hydrograph-separation to estimate
base flow from stream records using the computer program, PART. The second technique uses a
recession-curve displacement technique with the computer program RORA to estimate groundwater
recharge from each storm period. Details of these methods are discussed in greater detail in
Rutledge (2007a, 2007b).
Using data from the Risser et al. (2005) report, the estimated recharge for the West
Conewago Creek at Manchester was 9.5 inches using RORA and 7.7 inches using PART. These
values compare to 7.2 inches calculated for this report. A summary table of the various comparisons
of base flow to the value calculated in this report is included as Table 5. Risser, et al. reported that
in general, the estimates from RORA were approximately two inches greater than values from the
PART program. Wood (1980) using different techniques than Risser, et al. and looking only at two
years of data, reported a lower base flow value of 6 inches for the entire West Conewago Creek
Watershed.

GeoServices, Ltd.
Environmental & Hydrogeologic Services

9

Although the two sections of the West Conewago Creek Watershed are not identical, this
comparison indicates that the recharge value calculated in this report falls within an expected range
and provides a reasonable approximation of base flow.
5.2

Comparison with More Recent Stream Gage Records

At the time of this report, non-provisional data released for the East Berlin gage included
data between September 2003 and September 2008 and only four full calendar years (2004 through
2007). Because base flow calculations using RORA and PART are performed on a calender year
basis, the number of years available for evaluation are limited. In addition, because of the shorter
period of record, the recession index of 32.4 (in days) from Risser et al. for West Conewago Creek
from the Manchester gage was used.
Given these limitations, these data should be used with caution for any application outside
of the years calculated. Recharge for the West Conewago Creek using the East Berlin gage data for
four full years (2004 through 2007) from RORA was 10.7 inches which is above the 9.5 inches
calculated by Risser et al. for the entire watershed and well above the value of 7.2 inches calculated
for this report. Similarly, mean base flow using PART for the same years was 8.9 inches, which,
again, is above the 7.2 inches calculated in this project and the 7.7 inches calculated by Risser et al.
using PART for the entire watershed.
As a comparison, the annual mean stream flow between 1929 and 2005 for the entire West
Conewago Creek as measured near Manchester is approximately 611 cubic feet per second (cfs).
However, for the years 2004 through 2007, the annual mean flow ranged from 624 cfs to 1,063 cfs,
which again demonstrates the large observed differences that can occur over a relatively short
period.
The large differences in average stream flow values for the years of full record at East Berlin
emphasize that variation in base flow can occur from year to year and should not be used alone for
long-term water planning purposes.
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5.3

Comparison with StreamStats

The web based computer program StreamStats was also used to evaluate flow at the East
Berlin gage. The StreamStats program uses GIS data spatial information regarding the configuration
of the basin, along with general flow conditions and statistical analyses obtained from similar stream
gages across Pennsylvania.
Using the longitude and latitude of the East Berlin gage, base flows were calculated by
StreamStats with a recurrence interval of 10, 25 and 50 years. The 10-year recurrence interval is
similar to the 1-in-10 year drought identified by the SRBC. In the Groundwater Management Plan
(2005) the SRBC has defined a sustainable limit of water resource development as the average
annual base flow (recharge) that is available in the local watershed during a 1-in-10 year average
annual drought, while Gerhart and Lazorchick suggest that 50% of annual recharge (base flow) may
be appropriate. Fifty percent of base flow calculated in this report (118 cfs) is about 59 cfs or 38
mgd for the watershed above the East Berlin gage.
The StreamStats 1-in-10 year base flow for the East Berlin gage location is 82.3 cfs or
approximately 53 mgd. By comparison, sixty percent of the calculated base flow in this report is
approximately 71 cfs (118 cfs x 0.60 = 71 cfs) or 46 mgd. These two values are slightly greater than
the 12% error reported by Gerhart and Lazorchick when they compared their model results of actual
stream flow measurements to calculations of recharge. This comparison suggests that the use of the
calculated values using hydrogeologic units provides a reasonable approximation of base flow
within the West Conewago Creek Watershed, and may be somewhat conservative reflecting the
assumption of no recharge in the diabase and the low estimate of recharge for the Bonneauville
shale.
These comparisons suggest that when considering the watershed above East Berlin on a longterm basis, a reasonable estimate of the groundwater resource is between approximately 35 and 45
mgd. However, care must be taken that when considering water availability in individual subbasins
and smaller sections of the watershed, and other factors such as the availability of groundwater at
shallower depths compared to water at deeper horizons must be included.
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6.0

IMPERVIOUS COVER

Growth in rural areas results in an increase of impervious cover because of the greater
density of roads, parking lots, sidewalks and buildings. Without proper controls, rainfall onto these
surfaces can be diverted from recharge areas directly to local streams, which may cause an increase
in stream flow and the duration of floods. This, in turn, results in negative impacts to stream
hydrology, temperature and habitat (USGS, 2002). A threshold of 10 percent impervious cover is
commonly cited as a value for stream degradation due to the effects of increased storm water runoff
(Brandes, et al. 2005). Implementation of storm water controls reduces this impact.
In addition to increased stream flow from storm events, precipitation that would normally
infiltrate to groundwater, may be conveyed to streams and the amount of recharge decreased. New
storm water regulations emphasize infiltration rather than runoff in order to reduce the negative
effects of storm water runoff.
An initial objective of the study was to evaluate the impact of 5, 10 and 15 percent
impervious cover. During the course of this project it was found that the percentage of impervious
cover within the watershed is low (less than 5 percent) and the impact to base flow is not directly
proportional to percentage of impervious cover. Therefore, to refine this objective, a calculation of
the actual area of impervious cover present in the watershed was made along with an assessment of
impervious cover that may result in a decrease to base flow and the groundwater resource. This
approach allows for a more specific evaluation of the conditions within the West Conewago Creek
watershed.
Previous studies have shown both an increase and decrease in base flow with urbanization.
Key factors that appear to be related to changes in base flow are exportation and importation of
water from outside the watershed and, if the water and sewer lines act in the watershed as a drain
(to reduce base flow), or become a source of additional water because of leakage that would actually
increase base flow.
An evaluation of the relation between base flow and impervious surfaces in Southeast
Pennsylvania was completed by Brandes, et al. (2005). In this study, changes in the area of
impervious surfaces were evaluated in six watersheds over a period of at least 25 years and
compared to changes in base flow. Brandes et al. (2005) selected watersheds with at least 10 percent
impervious cover for their study and included some hydrogeologic settings similar to those in the
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West Conewago Creek watershed.
Brandes et al. (2005) concluded that stream base flow has not systematically decreased in
urbanizing watersheds in the lower Delaware River basin over the past 60 years and that data do not
support the idea that low- to moderate-density land development typically has a negative effect on
base flow volumes and low flow in watershed at a scale of 25 to 200 square kilometers. In their
study, Brandes et al. (2005) could not find a correlation between impervious cover and changes to
base flow and were unable to draw a conclusion as to what value may be an appropriate threshold
for the impact of impervious cover on base flow. Because impervious cover in the watersheds
studied was as low as 10 percent, Brandes et al. (2005) suggested that a threshold for the impact of
impervious cover to base flow is likely to be above 10 percent. However, they also cautioned that
a threshold value would not be universal, but rather is related to individual watersheds and requires
additional analysis.
The SRBC Groundwater Management Plan recognizes that impervious surfaces may result
in a loss of recharge, especially absent appropriate storm water controls in small watersheds. Use
of best management practices (BMPs) are recommended by the SRBC to minimize the loss of
recharge. The SRBC also recommends that available recharge be verified after build-out, and the
water use approval amount be either decreased (or increased), based on the outcome of the
verification study.
To evaluate conditions in the West Conewago Creek watershed, the amount of impervious
cover in areas of Adams County was assessed. An estimate of impervious cover using detailed
aerial photography and digital imagery was not available at the time of this study. Therefore, the
area of impervious cover was estimated using a relationship with population density that was
identified by Stankowski (1972). With this method, a population density of 680 persons/mi2
corresponds to approximately 10 percent impervious cover, 1,420 persons/mi2 to approximately 15
percent, and 2,400 persons/mi2 to approximately 20 percent. Projections of population growth
through 2020 were identified for municipalities within the West Conewago Creek watershed (Figure
5) and a population density was calculated for each municipality by dividing the population in the
municipality by the total land area (Table 6). Because this population density is based on population
distributed over the entire municipality, it is an approximation and may be refined as enhanced
digital images become available in the future.
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A review of Table 6 shows that the majority of municipalities in Adams County within the
watershed have a population that corresponds to less than 10 percent of impervious cover, which is
below the Brandes et al. (2005) suggested impact threshold. There are nine municipalities in Adams
County and two in York County with an estimated population density for 2020 corresponding to
greater than 10 percent impervious cover. As shown on Table 7, seven of the eleven municipalities
are less than one square mile in area. For the municipalities with greater than 10 percent impervious
cover, the percent of impervious cover multiplied by the area of the municipality within the
watershed, is equal to approximately 4.3 square miles or about 2 % of the total watershed above East
Berlin.
As discussed earlier, the impact of impervious cover on a watershed-wide basis is uncertain
and therefore, any direct relationship to impervious cover and base flow requires additional study
that is beyond the scope of this project. However, to illustrate potential impact, a scenario was
developed where impervious cover greater than 10 percent was considered with the assumption that
the recharge in the impervious area would be zero. To evaluate this condition, the area of
impervious cover which corresponds to greater than 10 percent for a municipality was calculated.
Municipalities with less than 10 percent impervious cover (Table 6) were not included in this
calculation. The area of each municipality which had greater than 10 percent impervious cover was
assigned a recharge value of zero and the base flow recalculated using the Gerhart and Lazorchick
parameters.
The recalculated base flow was reduced by 0.2 inch for a value of 7.0 inches or 74 mgd as
compared to a value of 76 mgd without considering impervious surfaces. These results indicate that
the impact to impervious cover may be scale-dependant and that on a basin-wide scale, impervious
cover does not have a large impact on the overall watershed water resource. Also in this example,
the relative change in base flow related to impervious cover (0.2 inch) is at a level that could not be
observed given the variation expected in base flow measurements. These results do not, however,
diminish the possible impact on a small subbasin on a local level and emphasizes the importance
of implementing storm water best management practices. Also, the SRBC recommendation of
preparing a build-out study to evaluate the recharge available should be followed.
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7.0

CONCLUSIONS AND RECOMMENDATIONS

7.1

Summary and Conclusions

The relatively short period of record available from the East Berlin stream gage on West
Conewago Creek limited interpretations of base flow using gage data alone. As a result, a method
using hydrogeologic parameters from the Gerhart and Lazorchick (1988) model were applied to the
geologic units within the 219 square mile watershed and an annual base flow value of 7.2 inches
(118 cfs) was calculated.
This calculated value compares favorably with other estimates of the entire 510 square mile
West Conewago Creek Watershed and estimates of the 1-in-10 year base flow from the USGS
StreamStats web-based computer program. These results indicate that calculation of base flow using
hydrogeologic parameters can be used successfully as a complementary tool for estimating base
flow in the absence of long-term gaging records. With the increased availability of GIS based
mapping and evaluation techniques, this approach can be readily accessed and applied by
municipalities and planners to calculate the groundwater resource available. Further comparison
with the amount of water currently used and planned can also provide a valuable tool to assist with
long range planning activities.
Based on population density and considering municipalities that exceeded 10% impervious
cover, it was estimated that approximately 4.3 square miles or about 2% of the total basin was
impervious cover. Recalculating base flow resulted in a decrease of approximately 0.2 inch or about
2 million gallons per day due to this scenario for impervious cover. On a watershed-wide basis, this
value is too small to be reliably detected through base flow measurement or evaluation of deviation
of base flow from statistically average years. These results also suggest that impervious cover may
be more noticeable in smaller watersheds and that best management practices for storm water are
important management tools that will increase recharge and reduce the deleterious effects of reduced
base flow.
7.2

Recommendations
Based on the findings of this report, the following are recommended:
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1.

Calculation of base flow using hydrogeologic parameters should be considered for subbasins
or within individual municipalities as part of the water planning strategy along with other
tools such as the USGS StreamStats program.

2.

The stream gaging at East Berlin should continue in order to build a long-term flow record
that can be used to calibrate other tools and methods used for base flow calculations.

3.

Implementation of storm water management practices should continue in order to minimize
the impacts of decreased base flow, especially in smaller watersheds.

4.

The impacts of impervious cover are generally recognized to be greatest in the head waters
of the smaller subwatershed. Care should be taken in these areas to evaluate impervious
cover and implement BMPs for stormwater and the SRBC recommendation to validate the
impacts of impervious cover after build-out should be implemented.

5.

In conjunction with developing methodologies and an expanding database under the
Pennsylvania State Water Plan (Act 220), a comparison of the water resources available
should be made to the water usage within the watershed as part of the ongoing water
resource planning activities.
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Figure 2- Location of West Conewago Creek Watershed above Stream Gage
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Figure 3- Major Subbasins within the West Conewago Creek Watershed
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Figure 4- Geologic Units within the West Conewago Creek Watershed
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Figure 5- Municipal Population Density - 2020 Estimates
and Estimated Impervious Cover
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TABLES

Table 1. Major Subbasins Within the West Conewago Creek
Watershed Upstream of the East Berlin Stream Gage
The Watershed Alliance of Adams County
West Conewago Creek Watershed
West Conewago Creek Subbasin

Area (square miles)

Beaverdam Creek
Brush Run
Indian Run
Lippencot Spring Creek
Long Arm Creek
Markel Run
Opossum Creek
Pine Run
Pleasant Dale Creek
Plum Creek
Quaker Run
Sharps Run
South Branch Conewago Creek
Swift Run
West Conewago Creek

7.2
3.3
1.8
0.3
5.6
6.8
27.1
6.7
3.0
9.0
6.8
0.7
57.0
10.3
73.3

TOTAL WATERSHED AREA

218.8

Table 2. Geologic Units in West Conewago Watershed
The Watershed Alliance of Adams County
West Conewago Creek Watershed
Geologic Unit
Sedimentary Strata at Jacksonwald & Aspers
Diabase
Bonneauville Shale Belt
Gettysburg Formation
Heidlersburg Member of Gettysburg Formation
New Oxford Conglomerate
New Oxford Formation
Quartz Fanglomerate
Conestoga Formation
Chickies Formation
Kinzers Formation
Ledger Formation
Vintage Formation
Antietam and Harpers Formations (undivided)
Antietam Formation
Mont Alto Member of Harpers Formation
Weverton and Loudon Formations (undivided)
Marburg Schist
Marburg Schist
Greenstone Schist
Metarhyolite
Metabasalt
TOTALS
NA - Not Applicable

Age

Map Symbol

Hydrogeologic Unit

Square Miles of
Geologic Unit
above Gage

Percentage of
Geologic Unit
in Total Basin

Jurassic
Jurassic
Triassic
Triassic
Triassic
Triassic
Triassic
Triassic
Ordovician & Cambrian
Cambrian
Cambrian
Cambrian
Cambrian
Cambrian
Cambrian
Cambrian
Cambrian
Lower Paleozoic
Lower Paleozoic
Precambrian
Precambrian
Precambrian

Js
Jd
Trg
Trgh
Trnc
Trn
Trqf
Occ
Cch
Ck
Cl
Cv
Cah
Ca
Chm
Cwl
Xm
ms
vs
mr
mb

5
No Flow
NA
5
5
5
5
18
7
7
7
7
7
8
8
8
8
10
10
NA
NA
NA

0.6
15.3
21.3
46.3
10.8
0.5
16.9
10.0
16.3
1.6
4.8
1.9
1.5
10.2
0.1
0.1
4.6
11.9
5.1
3.7
30.3
4.9

0.3%
7.0%
9.7%
21.2%
5.0%
0.2%
7.7%
4.6%
7.5%
0.7%
2.2%
0.9%
0.7%
4.6%
< 0.1%
< 0.1%
2.1%
5.5%
2.3%
1.7%
13.9%
2.2%

218.8

100%

Table 3. Hydrogeologic Units and Recharge Values Used in
Calculation of Base Flow
The W atershed Alliance of Adam s County
W est Conewago Creek W atershed

Hydrogeologic
Unit Num ber

Major Lithologies

Model Recharge
(m gd/m i2)

W estern Triassic
sedim entary rocks

Shale, siltstone, sandstone,
conglom erate, m inor
lim estone

0.34

7

Conestoga Valley
carbonate rocks west
of Susquehanna River

Lim estone, dolom ite, shale,
phyllite

Quartzite, schist, phyllite

8

Conestoga Valley
m etam orphic rocks
west of Susquehanna
River

10

Central Piedm ont
m etam orphic rocks

Schist, quartzite, phyllite,
gneiss, slate, conglom erate

18

Triassic
conglom erates

Conglom erate, sandstone

NA

Bonneauville Shale

Silty Shale (m udstone)

0.12

NA

South Mountain
m etavolcanics

Metabasalt and
m etarhyolite

0.52

5

General Description

0.51

0.31

mgd = Million Gallons per Day
mi2 = Square Miles
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0.46

0.20

Table 4. Hydrogeologic Unit Calculation of Recharge (Base Flow)
The Watershed Alliance of Adams County
West Conewago Creek Watershed

Geologic Unit

Sedimentary Strata at Jacksonwald & Aspers
Diabase
Bonneauville Shale Belt
Gettysburg Formation
Heidlersburg Member of Gettysburg Formation
New Oxford Conglomerate
New Oxford Formation
Quartz Fanglomerate
Conestoga Formation
Chickies Formation
Kinzers Formation
Ledger Formation
Vintage Formation
Antietam and Harpers Formations (undivided)
Antietam Formation
Mont Alto Member of Harpers Formation
Weverton and Loudon Formations (undivided)
Marburg Schist
Marburg Schist
Greenstone Schist
Metarhyolite
Metabasalt
TOTALS
Average annual watershed recharge (mgd/mi2)
Average annual watershed recharge (inches)
mgd = million gallons per day
cfs = cubic feet per second
mi2 = square mile

Gerhart and
Lazorchick
Hydrogeologic
Unit
5
NA
5
5
5
5
5
18
7
7
7
7
7
8
8
8
8
10
10
NA
NA
NA

Model
Square Miles of
Calculated
Calculated
Recharge Per Geologic Unit above
Recharge (mgd ) Recharge (cfs)
Gage
Unit (mgd/mi 2 )
0.34
0.00
0.12
0.34
0.34
0.34
0.34
0.20
0.51
0.51
0.51
0.51
0.51
0.31
0.31
0.31
0.31
0.46
0.46
0.52
0.52
0.52

0.6
15.3
21.3
46.3
10.8
0.5
16.9
10.0
16.3
1.6
4.8
1.9
1.5
10.2
0.1
0.1
4.6
11.9
5.1
3.7
30.3
4.9

0.2
0.0
2.6
15.7
3.7
0.2
5.8
2.0
8.3
0.8
2.4
1.0
0.8
3.1
<0.1
<0.1
1.4
5.5
2.4
1.9
15.8
2.5

0.3
0.0
3.9
24.3
5.7
0.3
8.9
3.1
12.9
1.2
3.8
1.5
1.2
4.9
<0.1
<0.1
2.2
8.5
3.7
3.0
24.4
3.9

218.8

76.1

117.8

0.348
7.2

Table 5. Summary of Base Flow Values
The W atershed Alliance of Adam s County
W est Conewago Creek W atershed

Source of Data

W atershed Considered

Base Flow Value

Value calculated in this report

W est Conewago Creek
upstream of East Berlin stream
gage

7.2 inches

Risser et al. (2005) using RORA
program

W est Conewago Creek
upstream of Manchester stream
gage

9.5 inches

Risser et al. (2005) using PART
program

W est Conewago Creek
upstream of Manchester stream
gage

7.7 inches

W ood (1980)

W est Conewago Creek
upstream of Manchester stream
gage

6 inches

Base flow including considering
of im pervious cover calculated
in this report

W est Conewago Creek
upstream of East Berlin stream
gage

7.0 inches
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