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Executive Summary

During recent years, a growing population, changing land use patterns, and
climate variations have forced Maryland citizens to face the reality that their water
resources are not unlimited, and that proper planning is needed to ensure that that the
State’ s water supplies remain sustainable. Appropriate water resource planning must rest
on athorough understanding of water availability and water use patterns. Based on a
2004 recommendation of the Advisory Committee on the Management and Protection of
the State’'s Water Resources to analyze water availability for each of the State's
watersheds, the Maryland Department of Environment (MDE) conducted an assessment
of water availability and demand in the Catoctin Creek watershed of Frederick County.
The purpose of the watershed assessment is to evaluate the available water supply within
awatershed asit relates to existing water demands, and to assess the potentia for existing
resources to meet future water demands. The assessments are intended to assist local
planners and water suppliers with planning for future water needs, and to help MDE staff
better evaluate current policies and permitting decisions. The Catoctin Creek watershed
islocated in the southwest portion of Frederick County and is a watershed that is
experiencing pressures from increasing devel opment.

Current water use in the watershed is estimated at an annual average of 2.15
million gallons per day (mgd). Self-supplied domestic use accounts for 1.03 mgd (48%
of total), while community water systems account for 762,000 gpd (35%). Agricultural,
commercia and industrial uses make up the remainder of water demand. Current water
use was estimated for each of ten sub-watersheds aswell. Projected future water
demand for the years 2020 and 2030 were estimated by increasing the current demand
proportional to population projections. By 2030, water use in the watershed is expected
to increase to 3.59 mgd as an annual average.

Ground water availability was estimated using basin-wide, annual ground water
recharge rates derived from long-term streamflow data for Catoctin Creek. Recharge
rates were derived for average year conditions (defined as a 1-in-2-year recurrence
interval), for a 1-in-10-year recurrence interval (representing moderate drought
conditions), and for a 1-in-20-year recurrence (representing more severe drought
conditions). The drought recharge rates were applied to each of the 10 sub-watersheds to
yield estimates of ground water availability, which were further adjusted to account for
impervious areas and preservation of groundwater baseflow to streams. To account for
the seasonal variability of recharge, quarterly recharge rates and changes in ground water
storage were estimated for the three recurrence intervals in each of the subwatersheds.

Water availability from surface water sources was also based on long-term stream
flow records. A reliable supply from a surface water source requires adeguate storage to
allow water use during low-flow periods when direct stream withdrawals are disallowed.
Surface water availability was therefore evaluated in terms of the amount of reservoir
storage that would be needed to meet arange of demands, given arange of drainage
areas. The evaluation assumed an on-stream reservoir, and did not account for
evaporative |osses or the potential need to mitigate temperature impacts.



A comparison of demand and availability revealed that the current annual average
water use represents about 4% of the water available in an average year over the entire
watershed. However, in a 1-in-20-year drought, current demand is 8% of availability
basin-wide, and within the 10 sub-watersheds, demand ranges between 3% and 25% of
availability. By the year 2030, annual water demand may be as high as 43% of
availability at the sub-watershed scale. The seasonal water availability analysis presents
amore severe situation. 1n one sub-watershed, the current demand is 46% of availability
in an average summer, and 194% of summer availability during a 1-in-20-year drought.
While the seasonal estimates contain afair degree of uncertainty, they point to potential
adverse impacts to stream baseflow during droughts, and possibly on an annual basis.

Overal, the natural water quality in the Catoctin Creek watershed is very good.
The major water quality issues related to ground water supplies — nitrates, MTBE, and
bacteria— are dl related to land use, pointing out the importance of source water
protection. Under the State’'s program to evaluate Total Maximum Daily Loads
(TMDLs) for impaired streams, Catoctin Creek is listed as having impaired water quality
under several categories including bacteria, biological, nutrients, and sediments. Surface
water sources are extremely vulnerable to land use practices, since runoff carries
contaminants directly into streams. Protected lands, which can serve as undisturbed
ground water recharge areas and protect surface water quality from impacts associated
with developed lands, account for 12% of land area within the watershed.

The evaluation raises concernsin anumber of areas. For example, an anaysis of
seasonal water availability indicates the potential for serious ecological impacts during
the summer months from withdrawals in some of the more densely popul ated sub-
watersheds. Thisindicates not only that communities in these sub-watersheds may need
to seek alternative water sources to meet future demands, but aso that MDE needs to
reevaluate its policies and assumptions in order to insure that they are protective of the
resource and consistent with current and projected usage trends. The study also
highlights the need for additional datato better evaluate the impacts of cumulative
withdrawals in the watershed, especialy when seasonal factors are considered. Finaly,
the report points to the need for communities in this watershed to plan for and manage the
resource to meet future water needs.
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1. I ntroduction

Maryland has been blessed with what has historically been perceived as an
abundance of water, however, in recent years some communities have been challenged
with meeting the demands of their growing populations. The 2002 drought had
significant impacts on water resources statewide and prompted serious concern for the
adeguacy of the water resources to meet future demand. The Governor’s Advisory
Committee on the Management and Protection of the State's Water Resources was
created in regponse to these concerns. The Committee was charged with several
responsibilities, but focused its efforts on evaluating the sustained ability of the State to
meet its projected water needs. The Committee’' s report (Wolman, 2004) provides insight
into the wide range of water resource issues in Maryland and provides recommendations
that focus on the ability of the State to responsibly manage Maryland’ s water resources
for present and future generations. A specific recommendation of the Committee wasto
“Continue conducting the statewide evaluation of water supply sources, and repeat the
evaluations at regular intervals to ensure consistency with changing demographics and
resource conditions.”

In response to this recommendation, the Maryland Department of the
Environment, Water Supply Program (WSP) has conducted an assessment of the Catoctin
Creek watershed. Theintention of this assessment is a comprehensive evaluation of the
water resource at the watershed scale that provides state and local water supply
regulators, stakeholders, and planners with information necessary for ng existing
and future appropriations and planning for growth. The objectives of the assessment
include estimating the water availability in the watershed, analyzing the current and
future demands with respect to availability, and examining other environmental factors
that may affect the availability of water supply resources in the present and future.

This report also includes recommendations for consideration by water resource
managers and local governments that relate to our current understanding and
interpretation of a sustainable water resource. The American Society of Civil Engineers
(ASCE) Task Committee for Sustainability Criteria proposes the following definition of
sustainability - “ Sustainable water resource systems are those designed and managed to
fully contribute to the objectives of society, now and in the future, while maintaining
their ecological, environmental, and hydrological integrity” (Loucks, 2000). This
definition suggests that we should abandon attempts to define a single, correct number
that represents sustainable yield and that it may not be possible to completely address the
full complexity of the question of sustainability (Maimone, 2004). A better approachis
an adaptive management plan that accounts for water demand as well as available supply,
the uncertainties in our understanding of the hydrologic system, and the need for
stakeholder involvement with regard to establishing environmental, economic and
political objectives.

This assessment utilizes data and analysis from a variety of sources and studies
that have been conducted in or near the Catoctin Creek watershed. Studies on the water



supply and the hydrologic system provide data to incorporate into estimating water
availability (Duigon and Dine, 1987, Schultz et. al, 2004). Datafrom the U.S. Census
Bureau and State and County planning agencies is used for evaluating current and future
water demands in the watershed. Assessments of water quality that have been conducted
asaresult of Safe Drinking Water Act and Clean Water Act regulations provide
information on the status of water quality in the watershed. This report attemptsto
incorporate the data as well as the findings of previous studies into a comprehensive
evaluation of the water resources in the Catoctin Creek watershed.



2. Background

The Catoctin Creek watershed encompasses the southwestern portion of Frederick
County and is framed by Catoctin Mountain on the east and South Mountain on the west
(Figure 2.1). The main drainage flows through the Middletown Valley and eventually
into the Potomac River approximately three miles upstream from Point of Rocks,
Maryland. The Catoctin Creek watershed drains an area over 77,000 acres (120 square
miles), which includes areas of forested mountain slopes, agricultural valleys and small
towns. Interstate 70, which bisects the watershed south of the Town of Myersville, has
spurred significant growth in the watershed due to its proximity to the Baltimore and
Washington Metropolitan areas as well as the growing City of Frederick.

Figure 2.1 Location of the Catoctin Creek Watershed in Maryland (Not to Scale)

The population in the Catoctin Creek watershed, based on the 2000 U.S. Census,
was 20,700. The primary population centers are the areas surrounding the Towns of
Middletown and Myersville, and the unincorporated residential areas along Highway 340
near Jefferson. There are six community water supply systems located within the
watershed, including the Towns of Middletown and Myersville, and four separate
residential subdivisions (Briercrest, Fountaindale, Cambridge Farms, and Copperfield)
with central water supply systems that are owned and operated by the Frederick County
Division of Utilities and Solid Waste Management. Additional types of permit-regul ated
water uses include agricultural irrigation, livestock watering, commercial, and industrial.



Furthermore, self-supplied domestic residences represent a significant water usein the
watershed. The majority of water use is from ground water sources, with a smaller
proportion of surface water use by community water supplies and agricultural users. The
estimated annual demand in the watershed is an average 2.15 million gallons per day.

The climate of Frederick County istemperate, moderately humid, with an average
annual precipitation of approximately 43 inches (NOAA, 2005), which is similar to the
statewide average. Average annual rainfall is higher (49 inches) at Catoctin Mountain
Park (NOAA, 2005), which is located approximately 1 mile northwest of the northern
boundary of the watershed and reflects the additional precipitation that falls on the
mountaintops of Western Maryland. The underlying geology influences the
physiographic and hydrologic characteristics of the watershed. The underlying bedrock
dictates water movement through the unconfined fractured-rock aguifers. There aretwo
major bedrock types in the watershed, both of which behave similarly with regard to
ground water flow, and have differing soil and overburden characteristics that influence
how water is recharged and stored in the aquifers. Precipitation infiltrates soil and a
portion of it makesit to the water table as ground water recharge, which eventually
discharges as the base flow component of streams. Prior research in the watershed
provides a hydrologic budget for the stream gage on Catoctin Creek near Middletown,
which estimated an annual average stream runoff of 10 inches/year and 10 inches/year of
goundwater recharge (Duigon and Dine, 1987). A more recent study of annual water
budgets estimated an average year ground water recharge rate of 8.5 inches/year and 12.2
inches/year for the two distinct hydrogeomorphic types found in the Catoctin Creek
waershed (Schultz et. al, 2004).

The concept of the hydrologic cycle provides an appropriate model for describing
the hydrologic system in the Catoctin Creek watershed. Ground water and surface water
are intimately related and all of the components of the hydrologic cycle have an influence
on water availability. Disruptions to the natural system imposed by human use of the
land will also have an influence on water availability. Due to the “quick turnaround” of
water as it moves through the hydrol ogic system from precipitation to ground water
recharge, certain activities on the land may introduce contaminants to ground water and
eventually surface water supplies. In addition, over-development of the land resultsin a
loss of recharge area for ground water and will increase direct runoff to streams, possibly
impacting overall stream quality (CWP, 2003). Thus, water quantity and quality are both
important when compl eting a comprehensive evauation of a watershed.

The magjority of the Catoctin Creek watershed is comprised of rural landscapes.
The predominant land use in the watershed is agricultural followed by forested and other
undeveloped areas. Much of the acreage in Frederick County that is classified as “prime
farmland” by the U.S. Department of Agriculture liesin the Middletown Valley (Catoctin
and Frederick Soil Cons. Dist., 1985). Almost one third of the watershed covers an area
considered important for preservation as farmland, and thus has been designated a Rural
Legacy Area(MD DNR, 2005). The purpose of the Rural Legacy Program isto protect
Maryland's best remaining rural landscapes and natural areas through the purchase of
land or conservation easements. While agriculture has historically dominated the
landscape of the Catoctin Creek watershed, population growth in Frederick County and



development pressure has transformed some agricultural areas, increasing the amount of
land now occupied by low-density residential development. Middletown, Myersville,
and the Jefferson area are all designated Priority Funding Areas due to their wastewater
system capacity, thus much of the planned growth in this watershed is targeted in and
around these three aress.



3. Water Supply Characteristics

In hydrologic settings such as Catoctin Creek, awate balance approach is an
appropriate method of comparing water demands with the available water supply and can
include both ground water and surface water demands since the eventual output isto the
main stream. Similar to any budget, a water balance must take into account all inputs and
outputs to the system. The hydrologic cycle can be considered a budget with the input
from precipitation being balanced by ground water and surface water runoff,
evapotranspiration, and changesin storage. Total runoff can be directly measured by
stream gages and can be separated into ground and surface water components using
standard hydrograph separation techniques. When evaluating awater balance over long-
term conditions, changes in storage can be considered negligible and evapotranspiration
is estimated from the remainder of the balance.

For the purposes of this report, the water balance concept is used to determine
recharge rates for ground water and average flows for surface water in order to estimate
water availability in the watershed. These values can then be compared to current and
potential future water demands to provide a basis for evaluating the potential of the water
supply. Difficulty arises in attempting to identify an amount of the total available water
that can be used as an acceptable limit to maintain a sustainable water supply. Therefore,
the numbers presented here ssmply compare what is currently being used with what is
estimated as “available.” The analysisis done at the subwatershed level, in order to
improve the ability to spatially compare supply with demand and to provide ascale that is
pertinent to policy and planning decision-makers as well as water users. The scale of
watersheds used is the Maryland 12-digit watersheds delineation (MD DNR, 1998). It
must be noted that water appropriation permit decisions are often made in subwatersheds
that are smaller than the 12-digit scale, especialy if the application for a permit is located
in the headwaters of a watershed where the potential recharge areaislimited. The
minimum size of awatershed that will be considered for permit conditions, including the
water balance and base flow protection is 1,280 acres (2 square miles). The average size
of the subwatersheds used in this analysisis 7,700 acres (12 square miles). The 12-digit
scale was chosen for the analysis herein because it represents an appropriate scale for
planning purposes. This document does not intend to contradict the findings of an
individual permit decision that is located within the study area.

31 Current Water Demand

Water is used from both ground water and surface water sourcesin Catoctin
Creek watershed and water appropriation permits are issued by MDE for a variety of
users including community water supply, agricultural*, commercia, and industria. In
addition, ground water is used by self-supplied domestic residences throughout the

’ Agricultural uses consi st of both irrigation and livestock watering. Agricultural usersthat use less than an
average 10,000 gpd are exempt from permit requirements and therefore may not be represented in the
demand figures presented herein. However, permits are issued when requested by the user. Agricultural
water uses that are less than 10,000 gpd are generally for livestock watering since irrigation needs are more
likely to be greater than 10,000 gpd.



watershed, which do not require appropriation permits. Estimating the total current water
demand for awatershed is important when planning for future potential growth, and
determining whether future water demands may conflict with existing uses. Water use
was separated by use type for the entire watershed (Table 3.1). The distribution of
permits by use is shown in Figure 3.1. Community water supplies and self- supplied
domestic users account for 84% of the total water use in the entire watershed.

Table 3.1 Water Use by Category in Catoctin Creek watershed.

No. of Reported Total

Use Category Permits Avg. GPD' Percent of Total
Community Water Supply 20 762,434 35.4%
Commercial 81 108,682 5.0%
Agricultural - Irrigation 10 230,513 10.7%
Agricultural - Livestock 7 14,500 0.7%
Industrial 4 11,266 0.5%
Self-Supplied Domestic n/a 1,026,480 47.7%
Totals 122 2,153,875 100.0%

! For permits that report pumpage, the average of four years (2000-2003) was used in the total.
For permits that do not report pumpage, the permitted Avg. GPD is used in the total.

Water demand was summarized by subwatershed using water appropriation
permit data for uses requiring a permit and by combining population data derived from
the 2000 Census blockgroups (U.S. Census Bureau, 2000) with water service area
boundaries for self-supplied domestic use. Water demand was cal culated from permit
data as the average reported use for the years 2000 through 2003 for permits greater than
10,000 gallons per day (gpd), which are required to report use. For the remaining
permits, the permitted amount (in annual average gpd) was used in the subwatershed
total. The subwatershed summary of appropriation permit datais givenin Table 3.2 and
alist of appropriation permitsin the Catoctin Creek watershed is included in Appendix
A.

Estimating self-supplied domestic use was not as straightforward, since
determining the spatial distribution of population is complicated by the fact that
subwatershed boundaries do not match those of community or census blockgroup
boundaries. Therefore, a method was devel oped to determine a population on domestic
wells using the U.S. Census Bureau data (U.S. Census, 2000) and Maryland Department
of Planning land use data (MDP, 2003) combined with the Frederick County water
service area maps (Fred. Co. Dept. of Planning and Zoning, 2005). The subwatershed
population was obtained by intersecting the census blockgroup population with
residential land use areas. Water service areas crossed subwatershed boundariesin
several instances; therefore, a population value was assigned based on the proportion of
the area that fell within the particular subwatershed boundaries. The population served
by domestic wells was obtained by subtracting the population served by community
water systems from the subwatershed population. An average per capitarate of 80 gpd
was applied to the population to estimate the total subwatershed self-supplied domestic
use (Table 3.3). Therate of 80 gpd/person is used by the USGS in estimating annual
water withdrawals for the State of Maryland (Solley et. a, 1998). The estimated self-



Figure 3.1 Distribution of Water Appropriation Permits in the Catoctin Creek Watershed.
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supplied domestic use is added with permitted uses to give the total demand for each
subwatershed (Table 3.4). Self-supplied domestic use is essentially a non-consumptive
use since most househol ds on domestic wells dispose of wastewater through on-site
septic systems. Most of the water drawn (approximately 70-90%) from a domestic well

is returned to the ground through a domestic septic system and is recharged back to

ground water. However, MDE permitting policy does not account for return flows from

on-site septic systems in water balance because if the septic system fails, the likely

remedy isto replace it with public sewer, in which case the return flow islost.

Table 3.2 Subwatershed Water Appropriation Permit Data

Ground Water Permits Surface Water Permits Total Permits
Reported Reported Reported
No. of (Avg. Permitted | No. of (Avg. Permitted | No. of (Avg. Permitted
ShedNum |Permits| GPD)' |(Avg. GPD)|Permits | GPD)** |(Avg. GPD)|Permits | GPD)" (Avg. GPD)
0212 26 36,100 36,100 1 2,500 2,500 27 38,600 38,600
0213 14 86,891 97,300 0 0 0 14 86,891 97,300
0214 7 4,000 4,000 0 0 0 7 4,000 4,000
0215 6 6,866 16,700 1 100 100 7 6,966 16,800
0216 10 498,015 711,500 1 14,698 10,000 11 512,713 721,500
0217 9 55,400 55,400 2 51,038 15,100 11 106,438 70,500
0218 27 203,625 252,150 2 11,814 23,000 29 215,439 275,150
0219 3 2,300 2,300 0 0 0 2,300 2,300
0220 7 87,716 128,700 1 64,182 40,000 151,898 168,700
0221 5 2,150 2,150 0 0 0 5 2,150 2,150
Totals 114 983,063 | 1,306,300 8 144,332 90,700 122 | 1,127,395 1,397,000

! For permits that report pumpage, the average of four years (2000 through 2003) was used in the total. For permits that
do not report pumpage, the permitted Avg. GPD is used in the total.

% The total in the reported exceeds the permitted total in some cases due to special conditions related to supplemental
permits. A permittee is allowed to exceed the permitted avg. gpd for a single permit as long as the total use for all permits
that are supplemental does not exceed the total permitted amount.

Table 3.3. Subwatershed Population Data

Census 2000 Data Average rate = 80 gpd/person

Housing Population Outside Estimated Self-Supplied

ShedNum Units Populationl Water Service’ Domestic Water Demand
0212 566 1,585 1,466 117,280
0213 979 2,676 1,399 111,920
0214 508 1,409 1,409 112,720
0215 999 2,848 1,181 94,480
0216 1,575 4,324 1,030 82,400
0217 698 1,935 1,935 154,800
0218 999 2,839 1,520 121,600
0219 448 1,221 1,221 97,680
0220 321 901 704 56,320
0221 357 966 966 77,280
Totals 7,450 20,704 12,831 1,026,480

! Derived from intersecting census blockgroups and residential land use with subwatershed
boundaries.

2 Derived from intersecting subwatershed boundaries with population served in existing water
service areas.




Thetotal annual average demand in the Catoctin Creek watershed is estimated to
be 2.15 million gallons per day (Table 3.4). Most of the water (93%) is obtained from
ground water sources, while almost half (48%) of the water use in the watershed is by

self-supplied domestic residences.

Table 3.4 Subwatershed Demand Data

Total Permits Estimated
Permitted Self-Supplied
No. of Total Reported Use Domestic Use Total Demand
ShedNum Acres Permits (Avg. GPD) (Avg. GPD)! (Avg. GPD)? (Avg. GPD)
0212 6,313 27 38,600 38,600 117,280 155,880
0213 4,185 14 97,300 86,891 111,920 198,811
0214 10,166 4,000 4,000 112,720 116,720
0215 9,058 16,800 6,966 94,480 101,446
0216 6,556 11 721,500 512,713 82,400 595,113
0217 8,221 11 70,500 106,438 154,800 261,238
0218 11,107 29 275,150 215,439 121,600 337,039
0219 9,758 3 2,300 2,300 97,680 99,980
0220 4,694 8 168,700 151,898 56,320 208,218
0221 7,005 2,150 2,150 77,280 79,430
Totals 77,063 122 1,397,000 1,127,395 1,026,480 2,153,875

' For permits that report pumpage, the average of four years (2000-2003) was used in the total. For permits that do not
report pumpage, the permitted Avg. GPD is used in the total.

2 Self-Supplied Domestic use is estimated from population outside the water service area and an estimated rate of 80

gpd/person.

3.2

Projected Water Demand

A key component of water supply planning is accounting for growth and
forecasting how that growth may impact water supply resources. One question that is
often posed is “ Can the resource provide for future growth?’ In order to address this
guestion, there must be some estimate of future water demand. Water demand
projections for the years 2020 and 2030 were estimated from popul ation projections for
each subwatershed in the Catoctin Creek watershed.

Future population was projected based on the Washington Council of
Government’ s Transportation Analysis Zones (TAZ) data (Wash. COG, 2003). The TAZ
layer provides population forecasts for the years 2020 and 2030 and uses census tract
boundaries to spatially define population growth. Future population was estimated based
on the TAZ population density intersected with each subwatershed. The areas defined by
the TAZ are larger than subwatersheds, which limits the spatia accuracy of this
methodology. However, it coincides with the method used to estimate current population
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and represents the best available spatial data with which to project future population at
the subwatershed scale. The 2020 and 2030 subwatershed population estimates for each
subwatershed are given in Table 3.5.

Future water demand was calculaed by increasing the current water demand
proportional to the percentage increase in population. The assumption is made that
population growth will coincide with water demand at the current per capitarate and
includes al types of water use. This may be avalid assumption for water used for public
and domestic supplies and possibly commercial use, but not necessarily for agricultural
or industrial uses. However, since thereis no simple way to predict how agricultural or
industrial water use may change in the Catoctin Creek watershed, demands for these uses
are assumed to increase in direct proportion to population, and are included with the total
water use. The projected water demands for 2020 and 2030 are givenin Table 3.5.

Table 3.5 Subwatershed Population and Demand Projections

2020 2020 2030
2000 2000 Water | Projected Projected Projected 2030 Projected
ShedNum Population Demand Population® | Demand? Population* Demand?
0212 1,585 155,880 2,135 209,971 2,547 250,490
0213 2,676 198,811 3,787 281,352 4,511 335,141
0214 1,409 116,720 2,000 165,678 2,402 198,979
0215 2,848 101,446 4,005 142,658 4,770 169,908
0216 4,324 595,113 6,158 847,527 7,330 1,008,829
0217 1,935 261,238 2,678 361,548 3,190 430,671
0218 2,839 337,039 3,919 465,254 4,668 554,173
0219 1,221 99,980 1,686 138,056 2,008 164,422
0220 901 208,218 1,243 287,253 1,481 342,254
0221 966 79,430 1,336 109,853 1,590 130,739
Totals 20,704 2,153,875 28,947 3,009,150 34,497 3,585,607

'Population projections derived from TAZ projection rates and subwatershed population calculated from 2000
Census blockgroup data.

2 Projected water demand is calculated as a percent increase based on projected population increase.

There is considerable uncertainty in projecting water demand due to several
unpredictable variables, including where population growth will actually occur and where
the water supply will be developed to support that growth. The Frederick County
Comprehensive Plan for the Middletown Region (Fred. Co. Planning, 1997) provides
total potential population values for designated growth areas. These population
projections can be compared with the population projections derived herein to examine
their validity. The area designated as the Middletown Region Community in the
Comprehensive Plan is comprised of an areathat falls within and around the existing
municipa boundary for the Town of Middletown. Thetotal potential population
predicted in the comprehensive plan is 10,349, which roughly equates to a 30-year
projection. This designated growth region can be approximated to the subwatersheds
0216 and 0215, which together have a predicted 2030 population of 12,100, using MDE’s
methodology. The MDE methodology produces a significantly higher 2030 population
(17%). Thediscrepancy islikely due to a combination of factors, including the inherent
uncertainties of population forecasts and the differences in geographic areas covered by
the two methods.
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3.3 Water Availability
3.3.1 Ground Water

Estimating water availability is essential for planning for adequate water supplies
for both existing demands and future growth. Determining the annual average water
availability in awatershed is somewhat straightforward using standard techniques for
analyzing streamflow data. However, due to a number of factors thereis alimit to the
confidence that can be placed in calculating water availability on an annual average basis
at alarge scale and applying it to smaller areas. Factors such as seasonal variability in
ground water recharge and surface weter flows, annual fluctuation in precipitation,
natural variation in aquifer properties that affect recharge and flow, and other spatial
disparities will cause water availability to differ temporally and spatially from that of the
estimated annual average. In addition, the limited amount of long-term stream gage
records makes it impossible to refine the analysisto asmaller scale. It is extremely data
and time-intensive to account for al of these factors on a watershed scale, thus the annual
average estimate for water availability is considered the best estimate for the study area
and is applied to each of the subwatersheds in Catoctin Creek. The USGS stream gage
on Catoctin Creek near Middletown was used to determine effective recharge rates from
annual base flows. In addition, arecent study used streamflow data and ground water
levelsto predict seasonal recharge rates (Schultz et. al., 2004). The annual and seasonal
values provide the basis for estimating water availability for the subwatershedsin
Catoctin Creek.

In a hydrologic budget, streamflow can be directly measured with a continuous
stream gage. Hydrograph separation is atechnique that is used to separate the
streamflow record into base flow and storm flow components. In awatershed such as
Catoctin Creek, ground water is under water table conditions and flow paths are
orientated from topographic divides to discharge points such as streams. Therefore, the
base flow component of streamflow is equal to ground water discharge and is balanced
by ground water recharge, assuming the annual change in ground water storageis
negligible. Stream gages with long-term records can be statistically analyzed to
determine the average flows and to estimate base flow conditions that will occur at
various recurrence intervals. Precipitation and streamflow vary with time; consequently
annual base flow will also vary from year to year. The purpose of the statistical analysis
isto predict how often certain base flow conditions might occur, based on what has
occurred inthe past. Thus, the 10-year recurrence interval is defined as the flow that has
aonein ten probability of being equaled or exceeded in any given year. It iscommonly
referred to as“1 in 10 year drought” and, statistically speaking, these conditions could
theoretically occur once every ten years, (although redlistically it does not occur every 10
years but at some regularity based on probability). Recurrence intervals are important in
estimating flood stages as well as low flow conditions that occur with droughts. Ground
water appropriations are currently permitted by MDE based on recharge that is equal to
the 10-year drought, which serves as a conservative estimate of recharge and thereby
provides a margin of safety for water supplies during minor droughts. When estimating
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water availability for an individual permit decision, MDE policy accounts for losses due
to impermesabl e surfaces and a subtraction for stream base flow protection. It must be
noted that the water balance methodology can only be considered a conservative estimate
when all other assumptions that were made when the policy was devel oped occur;
specifically, that withdrawals are equally distributed throughout the basin and half of the
watershed is in non-consumptive uses.

Estimates of ground water recharge derived from hydrograph separation provide a
basis for estimating the amount of ground water available over average conditionsin a
watershed. MDE has devel oped a technique for deriving effective recharge rates (MDE,
2000) in awatershed that is applied during appropriation permitting decisions. The
technique adapts the methodol ogy from the USGS software PART (Rutledge, 1993) to
perform the base flow analysis, and then uses the raw statistics to provide arank and
probability to determine recurrence intervals. The summary output is provided in the
Appendix B. The effective recharge rates derived for the period of record at the Catoctin
Creek gage at Middletown are 759 gpd/acre (10.2 inches), 424 gpd/acre (5.7 inches), and
372 gpd/acre (5.0 inches) for the 2, 10, and 20-year recurrence intervals, respectively.
These values were applied as effective ground water recharge to each of the
subwatersheds of Catoctin Creek.

The base flow analysis provides an estimate of the effective recharge based on the
discharge to the stream. Asdiscussed above, the 10-year drought recharge is applied for
permitting purposes to provide a buffer for water supplies during below average rainfall
years. However, if all ground water recharge was appropriated, theoretically there would
be none remaining for stream base flow and the streams would eventually run dry.
Maryland’ s appropriation permitting process for large ground water withdrawals limits
the allowed withdrawal in order to provide some protection to streams. The current
standard is to subtract a“minimum reserve flow” from the effective recharge. The
minimum reserve flow is equivalent to the lowest flow that occurs once every ten years
for seven consecutive days, commonly referred to asthe 7Q10 low flow. The 7Q10is
the lowest average 7-day flow having arecurrence interval of 10 years. A 7Q10 flow of
0.871 ft3 per second (563,000 gpd) was derived for the Catoctin Creek gage near
Middletown using the USGS program SWSTAT (USGS, 2002). A minimum reserve
flow for each subwatershed was determined by proportioning the 7Q10 flow vaue by
area (Table 3.6). Thisvalue represents the amount of available ground water recharge
that should not be withdrawn in order to provide aremainder for base flow to streams.

The estimated ground water availability is defined as the effective recharge minus

the minimum reserve flow. The results are summarized by subwatershed as ground water
availability values under three different recurrence intervals (Table 3.7).
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Table 3.6 Minimum Reserve Flow as 7Q10 Flow Values Proportioned to
Subwatershed Area.

ShedNum Acres 7010 (CFS) 7010 (GPD)
0212 6,313 0.128 82,692
0213 4,185 0.085 54,822
0214 10,166 0.206 133,164
0215 9,058 0.184 118,654
0216 6,556 0.133 85,885
0217 8,221 0.167 107,691
0218 11,107 0.225 145,497
0219 9,758 0.198 127,826
0220 4,694 0.095 61,488
0221 7,005 0.142 91,760

Totals 77,063 1.563 1,009,479

Table 3.7 Annual Ground Water Availability for subwatersheds in the Catoctin Creek watershed.

Minimum 1lin 2 Year 1in 10 Year 1in 20 Year
Reserve | 1in 2 Year Ground 1in 10 Year Ground 1in 20 Year Ground
Shed Flow Recharge Water Recharge Water Recharge Water
Num Acres (GPD) (GPD) Availability (GPD) Availability (GPD) Availability
0212 6,313 82,692 4,791,225 4,708,533 2,676,521 2,593,829 2,348,269 2,265,577
0213 4,185 54,822 3,176,445 3,121,623 1,774,457 1,719,635 1,556,835 1,502,013
0214 10,166 133,164 7,715,630 7,582,466 4,310,180 4,177,016 3,781,573 3,648,409
0215 9,058 118,654 6,874,908 6,756,254 3,840,528 3,721,874 3,369,520 3,250,866
0216 6,556 85,885 4,976,262 4,890,377 2,779,888 2,694,003 2,438,958 2,353,073
0217 8,221 107,691 6,239,701 6,132,010 3,485,683 3,377,992 3,058,193 2,950,502
0218 11,107 145,497 8,430,259 8,284,762 4,709,393 4,563,896 4,131,826 3,986,329
0219 9,758 127,826 7,406,337 7,278,511 4,137,400 4,009,574 3,629,983 3,502,157
0220 4,694 61,488 3,562,700 3,501,212 1,990,231 1,928,743 1,746,146 1,684,658
0221 7,005 91,760 5,316,636 5,224,876 2,970,031 2,878,271 2,605,782 2,514,022
Totals | 77,063 | 1,009,479 58,490,103 | 57,480,625 32,674,312 | 31,664,834 ] 28,667,085| 27,657,607

Ground water Availability = Recharge - Minimum Reserve Flow

3.3.2 Seasonal Variation in Ground Water Availability

Ground water supplies under water table conditions, like those in the Catoctin
Creek watershed, are vulnerable to relatively short term variations in climatic conditions.
Average rainfal is generally consistent throughout the year, with monthly averages
ranging from 2.7 to 4.6 inches (NOAA, 2005). The effects of below-average rainfall
periods that |ast even afew months can be seen in the water supplies of the Catoctin
Creek watershed. Thisislikely due to the poor storage capability of the crystalline
bedrock underlying the watershed. Thereisessentially no primary porosity (open pore
space in the bedrock) and secondary porosity (cracks in the bedrock that allow transmittal
of ground water) is controlled by the density and spacing of fractures, which will vary
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gpatialy. In some locations the much more porous residuum, or overlying weathered
bedrock, is thick enough to provide significant ground water storage. However,
permeability is dependent on the connection to fractures, and this, together with residuum
thickness will determine the conductivity of the aquifer.

Overdl, storage capacity is poor in the Catoctin Creek watershed as demonstrated
by studies of the hydrologic characteristics of shallow aquifer systems (Rutledge and
Mesko, 1996). Rutledge and Mesko analyzed streamflow records to determine recession
indices for gages and watersheds throughout the Mid-Atlantic and Southern States. The
recession index is a measure of the rate of decrease in stream base flow due to dewatering
of the aquifer over a period during which thereis no recharge. It isafunction of the
aquifer’s hydrologic properties, including storativity, transmissivity, and geometry. The
less an aquifer’s storativity, the lesstime it takes for it to drain, resulting in asmaller
recession index. Catoctin Creek had one of the lowest recession indices of thosein the
aforementioned study area, which included watersheds in the Valley and Ridge, Blue
Ridge and Piedmont physiographic provinces from New Jersey to Alabama.

The annual average water availability uses an estimate of ground water recharge
for the entire year. During the summer months, evapotranspiration is greater and thus
recharge is significantly lower. Decreased recharge and the poor storage capacity of the
aquifer, coupled with the peak demand generally observed during the summer months,
makeit a critical time for water supply. The effects of below-average precipitation are
particularly evident during the summer months. To improve the estimates of annual
water availability, the Interstate Commission on the Potomac River Basin (ICPRB)
conducted a seasonal water budget analysis, which provides seasonal availability
estimates at the same three recurrence intervals as the annua water budget analysis
(Schultz et. a., 2004). Thisanalysis provides results as the quantity of water ‘available’
during the summer quarter (Vq3z), which is computed from quarterly values for recharge
and the beginning of quarter storage. In the Catoctin Creek watershed, two, ten, and
twenty-year Vo is estimated to be 210, 65, and 60 gpd/acre respectively. Using these
values, the summer ground water availability can be estimated for each subwatershed
(Table 3.8).
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Table 3.8 Summer Ground Water Availability for subwatersheds in the Catoctin Creek Watershed.

1in 2 Year 1in 10 Year 1in 20 Year
1lin 2 Year Summer 1in 10 Year Summer 1in 20 Year Summer
Minimum | Summer Quarter Summer Quarter Summer Quarter
Reserve Quarter | Ground Water Quarter Ground Water Quarter |Ground Water
Shed Flow vQ3? Availability® vQ3? Availability® vQ3! Availability®
Num Acres (GPD) (GPD) (GPD) (GPD) (GPD) (GPD) (GPD)
0212 6,313 82,692 | 1,325,665 1,242,973 410,325 327,633 378,762 296,070
0213 4,185 54,822 878,876 824,054 272,034 217,212 251,108 196,286
0214 10,166 133,164 | 2,134,807 2,001,643 660,774 527,610 609,945 476,781
0215 9,058 118,654 | 1,902,190 1,783,536 588,773 470,119 543,483 424,829
0216 6,556 85,885 | 1,376,862 1,290,977 426,171 340,286 393,390 307,505
0217 8,221 107,691 | 1,726,437 1,618,746 534,374 426,683 493,268 385,577
0218 11,107 145,497 | 2,332,534 2,187,037 721,975 576,478 666,438 520,941
0219 9,758 127,826 | 2,049,230 1,921,404 634,285 506,459 585,494 457,668
0220 4,694 61,488 985,750 924,262 305,113 243,625 281,643 220,155
0221 7,005 91,760 | 1,471,038 1,379,278 455,321 363,561 420,297 328,537
[Totals 77,063 | 1,009,479 | 16,183,389 15,173,911 5,009,145 3,999,667 4,623,828 3,614,350

'VQ3 = Summer Recharge + Beginning of Quarter Storage values from (Schultz et. al., 2004)
Summer Quarter Ground Water Availability = VQ3 - Minimum Reserve Flow

3.3.3 Surface Water

Estimating water availability from surface water sourcesis also based on an
analysis of streamflow records from long-term stream gages. Surface water availability
may be limited by low flow periods that occur seasonally or during extended periods with
alack of rainfall. To prevent unreasonable impacts to streams from surface water
appropriations, Maryland regulations (COMAR 26.17.06.05.C.(2)) require that a
minimum flow, commonly referred to as a“flowby”, be maintained past the point of
withdrawal. The flowby, together with the natural variability of streamflow, limitsthe
amount of water that may be withdrawn from a stream. In order to provide areliable
supply of water from a surface water source, artificial storage must be provided so that
withdrawals can continue in times of reduced streamflow, such as drought. A method

was devised that estimates the quantity of water that isreliably ‘available’ from a surface
water source in the Catoctin Creek watershed. Specifically, the method described bel ow
predicts the amount of reservoir storage that would be necessary to provide a particular
supply of water while maintaining flowby requirements for the stream. The water supply
would be obtained from hypothetical reservoirs built on tributaries or the main stem of
Catoctin Creek.

The method developed creates a “ storage-safe yield curve”, the purpose of which
isto provide an indication of the reservoir storage that is needed to meet a given demand.
The safe-yield storage curve for the subwatersheds of Catoctin Creek is based on
statistical analysis of the data from the stream gage on Catoctin Creek near Middletown.
The curves are devel oped using the Maryland Most Common Flow Method (MD
Method) as the flowby requirement for streams (MDE, 1986). With the MD Method, a
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low flow value is determined for each month of the year that is equal to the stream
discharge that falls at the 15" percentile of the daily flows based on the entire streamflow
record for that month. Although the MD Method derives twelve separate flowby values
(one for each month), the common practice for permitting purposes has been to combine
the monthly values into seasona values. Therefore, two seasonal flowby values were
determined from the historical record by a series of averaging of the monthly values. The
flowby values are then applied to the greamflow period of record, during the appropriate
season, to determine the reservoir volume necessary for a needed withdrawal of water.

The results of the surface water availability analysis are presented graphically as
the storage-safe yield curves for four different drainage areas (Figure 3.2). The curves
can be used to estimate the amount of reservoir storage volume needed to meet an
average water demand, while maintaining minimum flow in the stream. The difference
in the curvesis aresult of theflowby requirement. Each drainage basin isassigned a
flowby by areally proportioning the flowby developed at the gage. The flowby is greater
for alarger drainage area, which resultsin alarger storage volume necessary to meet the
same demand. When the safe yield is equal to zero (x-axis), the volume (y-axis) is not
egual to zero due to the required flowby for the stream. Asan example from figure 3.2,
in astream basin that drains an area of 5,000 acres, the minimum size of areservoir
needed for a 1.0 million gallon per day (mgd) water withdrawal would be approximately
2,000 acre-feet. The same 1.0 mgd demand would require a 4,000 acre-feet reservoir in
an areathat drains 20,000 acres. Thistakes into account the larger flowby needed for the
stream in alarger basin —in either case the flowby would be met by natural flow past the
reservoir or by releases made from the reservoir.

Figure 3.2. Required Conservation Storage as a Function of Safe Yield for a Hypothetical
Reservoir built in drainage basins with the indicated drainage capture area. Includes flowby
allotments using the Maryland Most Common Flow Method.
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The method developed herein is for general application only and provides a
starting point to evauate the practicality of an in-stream reservoir as awater supply.
There are, however, anumber of limitations to the method. The method does not apply
to off-line reservoirs since they do not capture stream flow in the same effective manner
nor does it account for losses due to evaporation. Moreover, it does not consider the
temperature of the water to be discharged as flowby. COMAR 26.08.02.03 specifies
maximum temperature criteriafor discharges dependent on the stream's classification for
use. Inorder to assure that the water released for flowby does not exceed these
temperatures, the design of an in-stream reservoir must take into account the depth of
water necessary to provide water supply storage and to provide insulation so that cooler
water will be available for release as flowby during warmer months. The method
provides some utility in that once a necessary storage volume is estimated, a topographic
study can be completed to look at site suitability. Once a specific siteisunder
consideration, a more specific analysis, including evaporation, temperature
considerations, possible revisionsin flowby to better support fisheries and necessary
margins of safety must be conducted.

34  Water Demand vs. Water Availability

The water availability estimates were developed in this report on a subwatershed
basisin order to provide avalue with which to compare estimates of water demand. It
must be recognized that these estimates are based on the best available hydrologic data,
but will contain a degree of uncertainty due to the natural spatia variation in the
hydrologic system. For example, ground water recharge estimates represent the average
conditions upstream of the gage, which covers a much larger areathan an individual
subwatershed. The localized properties of an aquifer within a subwatershed and even
within a specific wellfield may be significantly different than the average conditions in
the whole watershed and therefore water availability may be greater or less than what is
predicted. Thisstudy is based on a compromise between areas that are large but
heterogeneous, and areas that are small but lack sufficiently detailed data. Given the
available data and the purpose of this study, the average conditions give the best
approximation for water availability at the subswatershed scale.

Water demand is presented as a percent of the estimated annual water availability
for each subwatershed in Tables 3.9-3.11. Thetotal current and projected demands are
compared with ground water availability predicted for atypical year and both 10-year
and 20-year droughts. The percentage gives an indication of where water supplies may
be currently stressed or may be stressed in the future if water use increases as predicted.
Current water demand in the Catoctin Creek watershed amounts to 4% of available water
in atypical year; demand ranges from 1% to 12% in each of the ten subwatersheds. Ina
20-year drought situation, the current demand in the entire watershed is 8% of the
availability and ranges from 3% to 25% in the subwatersheds. Water demand in 2030 is
predicted to increase to 6% of available water in an average year and may be as high as
43% at the subwatershed scale in a 20-year drought.
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The water availability estimates provide a potential measure of how much water is
“left” for collective uses. Current MDE permitting policy limits ground water
withdrawals based on the area owned or controlled by the permittee that will provide
recharge for ground water. The amount of water available to the permittee for
withdrawal is determined using arecharge rate equivalent to a 10-year drought minus a
minimum reserve flow for stream protection and an estimate of recharge loss (typically
between 2 and 25%) due to impermeable surfaces based on land use in the recharge area.
However, the question remains, how much of the available water can be used while
ensuring a sustainable resource? Current MDE permitting policy was developed with the
assumption that half of the water resources in a watershed would not be developed or
would be developed with non-consumptive uses only. However, to date permit decisions
have not been made with the goal of assuring that this assumption is not violated. Thus,
in theory up to 100% of the available water resources may be developed. One approach
that can be taken isto limit withdrawals to a certain percentage of water availability. For
example, in Chester County, Pennsylvania, the Water Resources Authority has proposed
a“maximum target” for withdrawals to 50% of the 1 in 25 year low flow in certain
watersheds that contain “ sensitive resources’ or for drainage areas that contribute to first
order streams (CCWRA, 2002). The availability estimates for Catoctin Creek devel oped
herein, account for a minimum reserve flow (the 7Q10) for stream protection. However,
this value may not be sufficient to protect first order streams and it is debatable whether
such alow flow is adequate when considering all other uses for the water such as dilution
of wastewater, biological needs, and downstream uses. It is highly unlikely that the 7Q10
would meet all of these needsif the maximum allowed use and low flows become the
norm. In the same sense, the surface water analysis only looks at required low flows,
which a'so may not meet the needs of all downstream usersif surface water was used at
the maximum allowablerate. The surface water analysis presented herein only
determines the availability for maximum utilization of the watershed at the required
flowby (the 15" percentile flow), which may not be desirable under all circumstances.

A point of discussion with regard to the estimated “availability” isthat it ssimply
provides an amount of water that can theoretically be withdrawn from ground water. It
does not, however, demonstrate the most efficient manner to withdraw ground water or
whether it can be practically obtained given the typically low-yielding wells found in the
aquifers of the Catoctin Creek watershed. As an example, the Town of Middletown has
extensively explored for ground water in subwatershed 0216 over the last five years.
During the drought of 2002, commonly thought of as a 50-year drought, the three large
ground water users (Middletown, Fountaindale, and Glenbrook Golf Course) in
subwatershed 0216 had an actual production rate of approximately 566,000 gpd or 21%
of the estimated 2.69 mgd available in a 10-year drought derived herei n'. Sincethen the
addition of three wellsin Middletown brings the total current rate of withdrawal
permitted for the three same usersto approximately 730,000 gpd, or 27% of the
availability estimate for a 10-year drought. The average yield of the existing twenty

f Recharge to ground water during the drought of 2002 was considerably lower than a 10-year drought due
to the significant lack of precipitation during the dormant season, the most crucial months for replenishing
ground water storage. However, since we do not have an estimate for recharge rates in such a severe
drought, the demand is compared with the 10-year drought availability estimates derived in this analysis.
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wells used under these three appropriation permits and currently in use in subwatershed
0216 is 18 gallons per minute (gpm). This average yield does not include all of the wells
that were drilled and abandoned due to low yield during well exploration. If all of the
remaining ‘estimated’ available water could be recovered, it would take over 100 wells at
the average yield of about 18 gpm, ahighly impractical situation for asmall community
system to manage. In other areas of Central Maryland, ground water exploration efforts
have been similarly unsuccessful in recovering all water that is theoretically available
based on awaer balance. Asan example, the City of Westminster in Carroll County has
recovered only one mgd from the twelve mgd theoretically available in the surrounding
ground water basin after twenty years of exploration.

Another approach to examining alimit for withdrawals for water supply purposes
isto evaluate the water demand during the summer months, which is the most critical
time of the year as recharge decreases and more water is obtained from storage. Tables
3.12-3.14 show the average water demand as a percentage of the estimated summer
quarter water availability. In the whole watershed, current demand is 14% of summer
availability in atypical year and 60% in a 20-year drought. At the subwatershed scale,
the current demand is as high as 46% of average-year availability and 194% in a 20-year
drought. While the seasonal water availability estimates contain afair degree of
uncertainty, this still points to a potential concern with regard to adverse impacts to
stream base flow during droughts and possibly on an annual basisin some areas of the
watershed. The summer availability was determined by applying the recharge and
storage areally to the subwatersheds in a similar fashion that annual recharge rates were
applied to estimate annual average availability. Thisagain only represents the average
conditions over a heterogeneous area. Dueto the variations in hydrological featuresin
the fractured bedrock at any given location, the summer availability numbers may
significantly over- or under-estimate what istruly ‘available’ during the summer months.
If water withdrawal s exceed recharge levels, the amount of water stored as ground water
is reduced, thereby reducing the amount of water available as stream base flow.

Subwatershed 0216 is examined further to demonstrate the questions raised by the
summer availability analysis. In this subwatershed, the current demand represents 46%
of the estimated summer quarter (July through September) availability in atypical year
and 194% of summer quarter availability in a 20-year drought. Most of the current water
demand in this subwatershed is from the three ground water appropriation permits
mentioned above, the Town of Middletown, Fountaindale, and Glenbrook Golf Course.
The withdrawal points for these three permits are al concentrated within the drainage
basin of Hollow Creek, an upstream tributary to subwatershed 0216, which comprises
2,548 acres (Figure 3.3). By applying the summer availability ratesto the area of the
Hollow Creek basin, the average year (1 in 2 year) summer quarter availability is
approximately 535,000 gpd. The summer of 2004 was an average year with regard to
precipitation, with amonthly average of 4.6 inchesin Frederick County during July
through September (NOAA, 2005). The average actual water use reported in July
through September 2004 by the three permits was 598,000 gpd. The demand in the
summer of 2004 represents 112% of the estimated summer availability in atypica year,
which indicates that the predicted summer availability is not the practical limiting factor
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for aquifer yield. Whether or not the stream was impacted is unclear, since thereis no
gage and no flow observations are available.

During the summer quarter of 2002, commonly thought of as the peak of a 50-
year drought, the actual water use was 566,000 gpd for the three ground water permits.
This exceeds what is predicted to be available during a 20-year drought (393,000 gpd) for
subwatershed 0216 and is almost four times what is predicted as available when applying
the summer availability rates to the Hollow Creek basin only (153,000 gpd). During the
drought of 2002 the expected consequences reportedly did occur. Hollow Creek was
observed to be “bone dry” by an MDE hydrogeologist in late August of 2002, whereas
other streams in subwatershed 0216, including nearby Cone Branch, and elsewherein
Frederick County were observed to have some flow on the same date. In addition, an
aquatic biologist who lives next to Cone Branch reported that it was dry for most of the
summer. The data and observations from Hollow Creek basin point to questions related
to sustainability - whether seasonal adverse impacts to streams are occurring on an annual
basisif summer availability is being exceeded, and whether or not it isokay to let a
stream run dry in severe drought situations. Despite the fact that ground water
withdrawals were significantly less due to a smaller population during the drought of
1966 (the drought of record), the stream gage on Catoctin Creek at Middletown measured
zero flow for a 17 day stretch during late August and early September, 1966. It is clear
that the most heavily developed subwatershed with regard to water resourcesis
subwatershed 0216 and that its upstream tributaries were impacted as during the drought
of 2002. However, it isnot clear to what extent this may have been expected, due to the
lack of continuous stream gage data on Hollow Creek. Unfortunately, it isnot possible to
analyze the relative impacts of withdrawals on the stream with non-anthropogenic
impacts that may be expected in a drought as severe as that of 2002 without the
appropriate historical streamflow data.

Lastly, it must be noted that the current demand used in the percentages (Tables
3.9-3.14) istotal demand and the values were not separated into ground water and surface
water components. This analysis assumes that ground water will continue to represent
the predominant use in Catoctin Creek in the future. This may not be realistic
considering the difficulty inlocating a sufficiently high yielding well necessary for public
water suppliesin the aquifers underlying this watershed. The surface water analysis
offers one aternative and provides a starting point for determining the practicality and
the benefits of pursuing surface water supplies as a potential water supply for community
water systems.
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Figure 3.3 Locations of Withdrawal Points for three Ground Water Appropriation Permits
(Middletown, Fountaindale, and Glenbrook Golf Course) in Subwatershed 0216.
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Table 3.9 Current and Future Water Demands Compared with Typical Year (1in 2 Year) Annual Water Availability.

2000-2003 2020 2030

1in 2 Year 2000-2003 Demand 2020 Demand 2030 Demand

Ground Water | Water Demand as % of Demand as % of Demand as % of

Shed Num Availability (GPD) Available (GPD) Available (GPD) Available
0212 4,708,533 155,880 3.3% 209,971 4.5% 250,490 5.3%
0213 3,121,623 198,811 6.4% 281,352 9.0% 335,141 10.7%
0214 7,582,466 116,720 1.5% 165,678 2.2% 198,979 2.6%
0215 6,756,254 101,446 1.5% 142,658 2.1% 169,908 2.5%
0216 4,890,377 595,113 12.2% 847,527 17.3% 1,008,829 20.6%
0217 6,132,010 261,238 4.3% 361,548 5.9% 430,671 7.0%
0218 8,284,762 337,039 4.1% 465,254 5.6% 554,173 6.7%
0219 7,278,511 99,980 1.4% 138,056 1.9% 164,422 2.3%
0220 3,501,212 208,218 5.9% 287,253 8.2% 342,254 9.8%
0221 5,224,876 79,430 1.5% 109,853 2.1% 130,739 2.5%
Totals 57,480,625 2,153,875 3.7% 3,009,150 5.2% 3,585,606 6.2%

Table 3.10 Current and Future Water Demands Compared with Drought Year (1

in 10 Year) Ann

ual Water Availability.

2000-2003 2020 2030

1in 10 Year 2000-2003 Demand 2020 Demand 2030 Demand

Ground Water | Water Demand as % of Demand as % of Demand as % of

Shed Num Availability (GPD) Available (GPD) Available (GPD) Available
0212 2,593,829 155,880 6.0% 209,971 8.1% 250,490 9.7%
0213 1,719,635 198,811 11.6% 281,352 16.4% 335,141 19.5%
0214 4,177,016 116,720 2.8% 165,678 4.0% 198,979 4.8%
0215 3,721,874 101,446 2.7% 142,658 3.8% 169,908 4.6%
0216 2,694,003 595,113 22.1% 847,527 31.5% 1,008,829 37.4%
0217 3,377,992 261,238 7.7% 361,548 10.7% 430,671 12.7%
0218 4,563,896 337,039 7.4% 465,254 10.2% 554,173 12.1%
0219 4,009,574 99,980 2.5% 138,056 3.4% 164,422 4.1%
0220 1,928,743 208,218 10.8% 287,253 14.9% 342,254 17.7%
0221 2,878,271 79,430 2.8% 109,853 3.8% 130,739 4.5%
Totals 31,664,834 2,153,875 6.8% 3,009,150 9.5% 3,585,606 11.3%

Table 3.11 Current and Future Water Demands Compared with Drought Year (1

in 20 Year) Ann

ual Water Availability.

2000-2003 2020 2030
1in 20 Year 2000-2003 Demand 2020 Demand 2030 Demand
Ground Water | Water Demand as % of Demand as % of Demand as % of
Shed Num Availability (GPD) Available (GPD) Available (GPD) Available
0212 2,265,577 155,880 6.9% 209,971 9.3% 250,490 11.1%
0213 1,502,013 198,811 13.2% 281,352 18.7% 335,141 22.3%
0214 3,648,409 116,720 3.2% 165,678 4.5% 198,979 5.5%
0215 3,250,866 101,446 3.1% 142,658 4.4% 169,908 5.2%
0216 2,353,073 595,113 25.3% 847,527 36.0% 1,008,829 42.9%
0217 2,950,502 261,238 8.9% 361,548 12.3% 430,671 14.6%
0218 3,986,329 337,039 8.5% 465,254 11.7% 554,173 13.9%
0219 3,502,157 99,980 2.9% 138,056 3.9% 164,422 4.7%
0220 1,684,658 208,218 12.4% 287,253 17.1% 342,254 20.3%
0221 2,514,022 79,430 3.2% 109,853 4.4% 130,739 5.2%
Totals 27,657,607 2,153,875 7.8% 3,009,150 10.9% 3,585,606 13.0%
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Table 3.12 Current and Future Water Demands Compared with Typical Year (1 in 2 Year) Summer Water Availability.

1lin 2 Year
Summer Quarter 2000-2003 2020 2030
Ground Water 2000-2003 Demand 2020 Demand 2030 Demand
Availability |Water Demand as % of Demand as % of Demand as % of
Shed Num (GPD) (GPD) Available (GPD) Available (GPD) Available
0212 1,242,973 155,880 12.5% 209,971 16.9% 250,490 20.2%
0213 824,054 198,811 24.1% 281,352 34.1% 335,141 40.7%
0214 2,001,643 116,720 5.8% 165,678 8.3% 198,979 9.9%
0215 1,783,536 101,446 5.7% 142,658 8.0% 169,908 9.5%
0216 1,290,977 595,113 46.1% 847,527 65.7% 1,008,829 78.1%
0217 1,618,746 261,238 16.1% 361,548 22.3% 430,671 26.6%
0218 2,187,037 337,039 15.4% 465,254 21.3% 554,173 25.3%
0219 1,921,404 99,980 5.2% 138,056 7.2% 164,422 8.6%
0220 924,262 208,218 22.5% 287,253 31.1% 342,254 37.0%
0221 1,379,278 79,430 5.8% 109,853 8.0% 130,739 9.5%
Totals 15,173,911 2,153,875 14.2% 3,009,150 19.8% 3,585,606 23.6%
Table 3.13 Current and Future Water Demands Compared with Drought Year (1in 10 Year) Summer Water Availability.
1in 10 Year
Summer Quarter 2000-2003 2020 2030
Ground Water 2000-2003 Demand 2020 Demand 2030 Demand
Availability |Water Demand as % of Demand as % of Demand as % of
Shed Num (GPD) (GPD) Available (GPD) Available (GPD) Available
0212 327,633 155,880 47.6% 209,971 64.1% 250,490 76.5%
0213 217,212 198,811 91.5% 281,352 129.5% 335,141 154.3%
0214 527,610 116,720 22.1% 165,678 31.4% 198,979 37.7%
0215 470,119 101,446 21.6% 142,658 30.3% 169,908 36.1%
0216 340,286 595,113 174.9% 847,527 249.1% 1,008,829 296.5%
0217 426,683 261,238 61.2% 361,548 84.7% 430,671 100.9%
0218 576,478 337,039 58.5% 465,254 80.7% 554,173 96.1%
0219 506,459 99,980 19.7% 138,056 27.3% 164,422 32.5%
0220 243,625 208,218 85.5% 287,253 117.9% 342,254 140.5%
0221 363,561 79,430 21.8% 109,853 30.2% 130,739 36.0%
Totals 3,999,667 2,153,875 53.9% 3,009,150 75.2% 3,585,606 89.6%
Table 3.14 Current and Future Water Demands Compared with Drought Year (1 in 20 Year) Summer Water Availability.
1in 20 Year
Summer Quarter 2000-2003 2020 2030
Ground Water 2000-2003 Demand 2020 Demand 2030 Demand
Availability  Jwater Demand as % of Demand as % of Demand as % of
Shed Num (GPD) (GPD) Available (GPD) Available (GPD) Available
0212 296,070 155,880 52.6% 209,971 70.9% 250,490 84.6%
0213 196,286 198,811 101.3% 281,352 143.3% 335,141 170.7%
0214 476,781 116,720 24.5% 165,678 34.7% 198,979 41.7%
0215 424,829 101,446 23.9% 142,658 33.6% 169,908 40.0%
0216 307,505 595,113 193.5% 847,527 275.6% 1,008,829 328.1%
0217 385,577 261,238 67.8% 361,548 93.8% 430,671 111.7%
0218 520,941 337,039 64.7% 465,254 89.3% 554,173 106.4%
0219 457,668 99,980 21.8% 138,056 30.2% 164,422 35.9%
0220 220,155 208,218 94.6% 287,253 130.5% 342,254 155.5%
0221 328,537 79,430 24.2% 109,853 33.4% 130,739 39.8%
Totals 3,614,350 2,153,875 59.6% 3,009,150 83.3% 3,585,606 99.2%
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4.0 Environmental and other Factors Affecting Water Supply and
M anagement

Water availability and demand are clearly two of the integral factors for effective
planning for water resources. Water resources in a hydrologic setting such as Catoctin
Creek are connected to what occurs on theland. Therefore, environmental factors that
may affect availability or the cost-effectiveness of developing awater supply, such as
land use and water quality, must also be considered for water supply planning purposes.
In addition, water conservation measures and water use aternatives during times of
drought or during normal conditions represent manners in which demand can be reduced
through planning and outreach, thereby increasing water availability to users.

4.1  Water Quality

Water quality in awatershed can also be discussed as acycle. Although the
biogeochemical processes that determine water quality are quite complex, the basic
principles are the same as a hydrologic budget. Precipitation chemistry and the biological
and geochemical processes that occur as water moves through the system determine
natural ground water quality. These same principles apply to surface water quality;
however, dilution of chemical constituents and increased erosion associated with storm
flows are additional processes that contribute to temporal changes in surface water
guality. The quality of water in awatershed is significantly affected by activities that
occur at the land surface. Human activities and land use practices are additional inputs to
the water quality cycle. Large ground water withdrawals can change the natural flow
pathsin an aquifer or alter ground water chemistry, both of which can affect ground
water quality. Water quality datais reviewed from previous studies of the water
resources in the watershed to provide a general picture of water quality and to highlight
issues that may affect future water supplies.

Overdl, natural water quality in the Catoctin Creek watershed isvery good. The
Blue Ridge and Piedmont physiographic provinces have the lowest total dissolved solids
(TDS) in ground water of the mgjor physiographic settings and naturally occurring
contaminants are generally not a concern (Bolton, 1996). Common anthropogenic
contaminants, such as nitrate, are sometimes associated with certain types of land use.
Sources of nitrate include wastewater discharge from onsite septic systems and
wastewater treatment plants, animal waste, and fertilizers. While agricultureisa
predominant land use, commonly used pesticides are not typically found in ground water
at significant levels (Bolton, 1996), likdy due to their quick degradation in soils.
Concentrated animal farm operations (CAFO’s) may be a concern due to the large
quantity of animal waste produced in arelatively small area. Animal waste is a source of
both nitrate and pathogens, which can impact both ground and surface water supplies.

4.1.1 Ground Water
The Water Supply Program has completed Source Water Assessments for each of
the six community water systemsin the Catoctin Creek watershed. The required
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components as described in Maryland’s Source Water Assessment Program (SWAP) are
1) delineation of an areathat contributes water to the source, 2) identification of potential
sources of contamination, and 3) determination of the susceptibility of the water supply to
contamination (MDE, 1999). The goals of the assessments are to analyze the
susceptibility and provide recommendations to protect the water supply sources from
future contamination. The source water assessments provide areview of available water
quality data from each existing community system. A summary of the findings as related
to water quality that may reflect common trends for potential supplies within the
watershed are provided below.

The six community water systems rely predominantly on ground water as their
source of water supply. The exception isthe Town of Myersville, which has a small
reservoir that supplements their wells and springs. Based on the findings of the source
water assessments, drinking water quality in the Catoctin Creek watershed is generally
very good. Community water systems routinely monitor up to ninety-one regulated
contaminants under Safe Drinking Water Act requirements. Some contaminants can be
naturally occurring and are a product of geochemical reactions in ground water, such as
iron, radionuclides, and many of the inorganic ions. Other contaminants have an
anthropogenic source and are present in ground and surface water as aresult of land use,
improper disposal of chemicals, or spills.

The results of the source water assessments show that levels of regulated
contaminants have not exceeded a maximum contaminant level (MCL) in the community
water systems of the Catoctin Creek watershed. Some regulated contaminants were
detected, but were not present at significant levels to categorize the water supply as
susceptible under the SWAP guidelines. An exampleis nitrate, acommon contaminant
in unconfined aquifers throughout the State. The MCL for nitrateis 10 parts per million
(ppm) and levels in the Catoctin Creek watershed range from non-detectable to 6.4 ppm.
Two of the six water systems had consistent detections of nitrate but the water systems
were classified as not susceptible based on SWAP guidelines since nitrate levels have
remained consistent and below the MCL. There are many possible sources of nitrate in
ground water, including human and animal waste and fertilizers applied to residential
lawns, agriculture, and golf courses.

Methyl-tert-butyl-ether (MTBE) is another common contaminant that was
detected in two of the six water systems. MTBE does not have an MCL and is currently
unregul ated under the Safe Drinking Water Act. However, the Water Supply Program
has a policy of reporting any detections at or above 10 parts per billion (ppb) to MDE’s
Oil Control Program, which regulates petroleum storage tanks and initiates an
investigation when such results are found in public wells. MDE recommends treatment
to remove MTBE when levels exceed 20 ppb. MTBE isafuel oxygenate added to
gasoline in Maryland to control fuel emissions for air quality purposes. Unlike other
regulated contaminants in petroleum products, such as benzene and toluene, MTBE
dissolves readily in water and does not easily degrade or sorb to soil, and therefore can
travel significant distancesin ground water (Squillace, et. al., 1996). It isone of the most
commonly detected volatile organic compounds in public water supplies across the State
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aswell asin private wells throughout the country (Moran, et. a., 2004). Thetaste and
odor threshold for MTBE is between 20 and 40 ppb. It is generaly detected at low levels
(lessthan 5 ppb), however higher results of MTBE contamination in Maryland have been
associated with leaking underground storage tanks in localized areas. MTBE levels
ranged from non-detectable to 17 ppb in the two systems in the Catoctin Creek watershed
that detected the contaminant. Due to its high solubility and mobility, there is the
potential for MTBE to be present in water supplies anywhere that M TBE-oxygenated
gasolineis stored or used.

Another contaminant detected commonly in untreated water samples of the
ground water supply was total coliform bacteria. These are not considered violations of
Safe Drinking Water Act regulations, because they are not present in the finished water
(the treated water distributed for human consumption). These results were obtained
during specia sampling under Ground Water Under Direct Influence (GWUDI)
evauations. The GWUDI evaluations were conducted as required by a special provision
within the federal Surface Water Treatment Rule (SWTR). The SWTR stipulates that
ground water sources that have the potential to contain pathogenic organisms normally
associated with surface water sources must adhere to the more stringent treatment
technique requirements of the SWTR. A specia sampling protocol was followed that
collected untreated water samples and analyzed them for Total Coliform, Fecal Coliform,
and other surface water indicators from ground water sources to determine their GWUDI
status. Total coliform bacteria group is an indicator organism that is ubiquitous in the
environment. In deep ground water systems, the bacteriawill not survive due to long
travel times and the natural filtration capability of the ground water system. However, in
shallower ground water systems that have shorter travel times, total coliform may persist,
which may explain the common detection rate of total coliform.. The presence of total
coliform aonein ground water does not necessarily indicate a threat of contamination by
pathogenic organisms. The fecal coliform group is used as indicator for the potential of
contamination by mammalian waste, which may carry with it disease causing
microbiological contaminants, such asGiardia, Cryptosporidium, and viruses. Where
fecal coliform is detected in raw ground water samples, the ground water supply is
generally classified as GWUDI and compliance with more rigorous treatment techniques
isrequired. Three of the largest producing wellsin the Catoctin Creek watershed as well
as some of the springs are classified as GWUDI. Additionally, other sources were found
to have total coliform bacteria, but due to the lack of other indicators of surface water
influence, they were not classified as GWUDI sources.

The major water quality issues related to ground water supplies - nitrate, MTBE,
and bacteria - are all related to land use, which demonstrates the importance of source
water protection efforts and preserving undeveloped land for future water supplies. The
relatively rapid travel time in this shallow aquifer system alows for contaminants that
originate from land use practices to reach existing ground water supplies where sources
of the contaminants are nearby. Water quality issues related to these contaminants should
be antic pated when devel oping future water suppliesin this watershed.
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4.1.2 Surface Water

Water quality data from the Town of Myersville s reservoir intakeis aso
reviewed in the source water assessment. The results do not necessarily reflect the
quality of the source water for all constituents, since most monitoring datais collected
after the treatment process. However, raw water bacteriological samples were collected
for atwo-year period as part of the assessment and offer some indication of surface water
quality in the upper portion of the watershed. A total of 81 raw water samples were
analyzed for the indicator organisms fecal coliform and E. Coli. The results ranged from
non-detectabl e to 79 fecal coliform colonies/100 ml and non-detectable to 47 E. Coli
colonies/2100 ml. Ninety-five percent of samples were positive for fecal coliform,
although only 26% of the samples had a count of greater than 2 colonies/’200 ml. The
dataindicate that surface water quality isrelatively good in subwatershed 0220, where
theintakeislocated. Sincetheintakeisin animpoundment, which allows for settling,
turbidity is not amajor concern. It must be noted that this sampling point islocated in
the upstream reaches of the watershed and is not likely to reflect the stream water quality
in the entire watershed.

Catoctin Creek has also been evaluated as required by the Clean Water Act for
impairment classification and Total Maximum Daily