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Carroll County Water Demands and Availability
ADDENDUM
July 30", 2009

The Carroll County Water Demands and Availability Report, originally dated April 17, 2009, has
been revised based on corrections to input data and cal culations and arefinement of the Water
Balance Assessment Tool. This current re-issue of the report, date July 30" 20009 reflects the
resulting changesin the final output from the Water Balance Assessment Tool. The net result of
all of the changesisa 1.6 mgd increase in County-wide Buildout demand (30.5 mgd) whichis
5.5% higher than was listed in the April 17, 2009 report (28.9 mgd).
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Acronyms

Acronyms Used in the Report

BLI Buildable Land Inventory

DGA Designated Growth Area

DNR Department of Natural Resources
GIS Geographical Information System
HUC hydrologic unit code

LUD Land Use Designation

MDE Maryland Department of the Environment
MDP Maryland Department of Planning
SSA sewer service area

WRE Water Resources Element

WSA water service area

WWTP wastewater treatment plant

Units Used in the Report

gpd gallons per day
mgd million gallons per day
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1. Introduction

As part of its present Comprehensive Plan updae, ol County is in the process of
evaluating its water resources through the 200@ standated Water Resources Element
(WRE). The WRE is an important piece of the CoismGomprehensive Plan and is
meant to assess the adequacy of its present amne fuaiter supply, wastewater
infrastructure, and potential impact on water reses. A water balance approatias
been recommended for the assessment by severaladdggencies, including the
Department of Planning (MDP), Department of theiEmment (MDEY, and the
Department of Natural Resources (DNR), as wellyathbé Governor’'s Advisory
Committee on the Management and Protection of tae's Water ResourcesAt the
County’s request, Malcolm Pirnie, Inc. performedater balance of water resources in
Carroll County based on existing and future buitdmnditions.

1.1. Purpose

The purpose of the water balance is to evaluatextsting and future demands relative
to the amount of water resources that may be dlaifar usage without significant
impact to the environment. This report providekesacription of the methodology used in
the water balance (Section 2), a discussion of nslagel-specific results (Section 3), and
a discussion and conclusions regarding county-wadalts (Section 4).

1.2. Limitations

For the purposes of this study, the water balappeoach is limited to evaluations which
provide an indication of the availability of bothogind- and surface water for
appropriation while maintaining sufficient resefl@vs to prevent unreasonable impacts.

The methodology used in the water balance apprioatided estimates of existing and
projected buildout water demands based largelyadumeg reported to the MDE for larger
withdrawals above 10,000 gallons per day (gpdegsired under current regulations and
population/household-based estimates for smalleyages. As such non-residential/
domestic withdrawals may be under-estimated byrttgthod due to “larger” private
withdrawals approaching, but not exceeding, th@d®gpd reporting limit.

The water balance approach does not address tireeerigg or socioeconomic aspects
of developing water resources in the County. Altjiocertain regulatory requirements
are explicitly addressee@.g, maintaining minimum instream flows), the approdoles
not explicitly consider the permitting requiremeatgegulatory feasibility of developing
the total water availability.
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Section 1
Introduction

As well as evaluating all of Carroll County, a sega water balance was evaluated for
each of nine MDE eight-digit hydrologic unit wateesls within the county. Each water
balance was limited to areas within the boundasfeéSarroll County. The watershed
areas upstream and downstream of the county wereved from the analysis in order to
avoid basing demand estimates on water resouraesight also be claimed by adjacent
jurisdictions. One implication of this approachhat it does not consider extra-County
water resources that might be available to comrasiihat straddle the County line, such
as Mount Airy.
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2. Methodology

2.1. General Approach

The water resources of Carroll County were evatlatng a water balance approach to
estimate existing and future water demands andadoilitty. The methodology for the
water balance was based on the approach outlini WRE Guidance Documeérsnd
detailed in the MDE’s evaluation of the Catoctinterahed. Malcolm Pirnie, Inc.
developed a water balance assessment tool, usinBXd& and Geographic Information
System (GIS) data analyses, to assess the waterrces of Carroll County. Overall, the
water balance assessment tool consisted of anagailof the county’s water demands,
wastewater returns and discharges, and a consatecdtavailable water resources in the
county on a watershed-by-watershed basis.

For the purposes of this study, individual watedsheere defined using the MDE eight-
digit hydrologic unit code (HUC) boundaries. Thare nine such watersheds in Carroll
County (Figure 2-1):

Conewago Creek (02050301),

Double Pipe Creek (02140304),

Liberty Reservoir (02130907),

Loch Raven Reservoir (02130805),

Lower Monocacy River (02140302),

Patapsco River Lower North Branch (02130906),

Prettyboy Reservoir (02130806),

South Branch of the Patapsco River (02130908), and

Upper Monocacy River (02140303).

© © N o bk wDdRE

The boundaries of all the watersheds listed abatend beyond the borders of Carroll
and include areas that normally drain into the @Qpon along its border. However, the
assessment was limited to evaluating only thosemegigmands, wastewater returns and
available water resources located within Carrolity to avoid basing demand
estimates on water resources that might also limethby adjacent jurisdictions.
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Section 2
Methodology

2.1.1. Data Sources

Multiple data sources were used in the water bal@ssessment of Carroll County:

MDE Hydrologic Unit Code Boundary Shapefiteincluding spatial boundaries of
MDE 8-Digit watershed units, MDE-8 watershed dapte, and MDE 8-Digit
watershed name;

MDE Permitted Allocations Databaseincluding water permit numbers, withdrawal
location, average monthly allocation, and maximuonthly allocation;

MDE Reported Usage Databasancluding water permit numbers, monthly reported
usage for Jan 2000- Dec 2007 inclusive;

Carroll County Address Shapefieincluding locations of residential and non-
residential address points limited to those locatioutside of the water service areas;

2000 U.S. Census Bureau Data Shapefilacluding census block boundaries, census
block population, and number of households in #esas block;

2008 County Buildable Land Inventory (BLI) Zonirwapefile— including parcel
centroid location, estimated number of addition#s lWhere a building may be
permitted in municipalities according to zoning straints

2008 County BLI Land Use Designations Shapefilecluding parcel centroid
location, estimated number of additional lots wheetaiilding may be permitted in
unincorporated portions of the County accordinddmg use designation constraints

2008 County Commercial/Industrial Water & Sewen&mr Area Table- including
County estimates of existing and planned comméirgalstrial zoning acreages
within existing, priority, and future Carroll Coynivater and sewer service areas;

2008 County Water & Sewer Service Area Shapefiiesluding water and sewer
service area boundaries of existing, priority, éaxpected) future conditions;

USGS Hydrogeomorphic Regions in the Chesapeak&\Bagrshed Shapefite
including hydrogeomorphic region boundaries, naarescodes; and

USGS Land Use Rasterincluding agricultural land use types and bouieda

2.1.2. Specific Adaptations to the Basic Methodology

As mentioned above, the water balance methodolag/based on the approach outlined
in the WRE Guidance Documérnd detailed in the MDE’s evaluation of the Catoct
Creek watershéd MDE's report on its evaluation of the Catoctiatershed did not
include a comprehensive discussion of all sourt¢a @iad methods used in the analyses.
Therefore, specific assumptions and changes wede imadeveloping the present

" A shapefile is a common geospatial vector datm&bused to represent spatial features and their
attributes developed by ESRI.
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Section 2
Methodology

methodology which may have deviated from the CatdCteek study approach. Also,
newer and/or county-specific datasets were incatpdrinto the analysis. The following
are specific adaptations to the basic approacinedtin the Catoctin Creek watershed
evaluation:

Self-supplied residential water demands were estichaased on the number of
households in the current address database probidéte County. It was
assumed that the water demands for all househaldgle of the service areas
were self-supplied by groundwater wells and thahdesusehold consisted of a
single family with an average day water demand5f allons per day (gpd).
Households from the County address database wedeassthe basis for self-
supplied residential demands because the Cens@sd2®8 is nearly ten years old
and may not be as representative of the currenilpbpn;

The present methodology incorporates septic retiorgsoundwater in order to
determine the final groundwater availability. Ta@esturns were included
because a significant portion of the groundwatenaleds are likely to be returned
via septic systems. Based on published literatahee$*>®’ the average return
rate assumed for domestic use is approximately 80%.

Future demands for serviced and self-supplied eesels were evaluated based on
the number of additional households estimated iddout in the County’s

Buildable Land Inventory (BLI). The BLI was devebxpby the County’s

Planning Department to provide a reasonable estiwfahe remaining locations

in the County where a building permit would likélg issued according to an
analysis of geospatial constraints, such as zoavgidance of floodplains, and
other factors that may limit development. The Blas considered to constitute
the best source of available data representingipatgopulation growth through
the planning horizon while also providing the salatesolution necessary for
analyses at the subwatershed level.

The analysis of surface water availability includiedhe present analysis was
generally based on MDE'’s approach in the Catocteaek analysis. However,
MDE did not explicitly describe its methodology fdetermining the storage-safe
yield curves. For the purposes of the present ogetlogy, equivalent storage-
safe yield curves were developed for each subwegdrby estimating using the
worst drought on record for the gauges used igtbendwater availability
calculations. Depending on the watershed, thetvavosight of record occurred
in either 1966-1967 or 2002-2003. The method sdeed in detail in Section
2.4 below.
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Section 2
Methodology

2.1.3. Water Balance Assessment Tool

A water balance assessment tool was developedtiderquantitative estimates of water
demands and availability for each watershed inbenty under various scenarios. The
water balance assessment tool consisted of a sffé@srosoft Excel spreadsheets
incorporating the data listed in Section 2.1.1 &band a series of calculations based on
the methodology and assumptions discussed in thaineler of Section 2. The
assumptions and variables driving the calculatisese compiled onto a central
dashboard (Figure 2-2) to provide flexibility anshgenience to the tool.

Three scenarios were modeled using the water baasgessment tool: “reported”,
“permitted”, and “buildout”. The reported scenawas an estimate of current source
water usage in Carroll County largely based on 20@7drawal volumes reported to
MDE. The permitted scenario was an estimate ofrtagimum source water
withdrawals in the County currently permitted by BBn a daily average basis. The
Buildout scenario was an estimate of projectedreuiource water usage and availability
when the service areas have been expanded toplkeeter Future Service Area
boundaries. It should be noted that the expectiotd service areas do not include the
County’s “no plan” service areas associated thegbdased Growth Area (DGA)
boundaries. Major assumptions include householayncercial, and industrial water use
rates and future commercial. The methodology,rapsions, and variable inputs used to
model each scenario are discussed in the remaifiaction 2.

2.2. Water Demands

As discussed above, water demands in Carroll Conatg estimated under three
separate scenarios: Reported, Permitted, and Buildeor each scenario, demands were
estimated by usage type:

B Demands met through municipal service areas sugplie

- Residential
- Commercial
- Industrial

B Demands met through private water supplies:

Residential
Industrial/commercial
guarries

Agriculture

Demands were also estimated by source: groundwasdls) versus surface water
(intakes). Estimates of demand were disaggredatdubth watershed and by service
area. MDE water allocations and reported withdtawan be found in Table B-1 of
Appendix B.
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Section 2
Methodology

2.2.1. Reported Scenario Demands

The reported scenario was developed to estimaséirgiwater demands in Carroll
County and was based on multiple data sourceseN$atrvice Area (WSA) demands
were estimated from the 2007 withdrawals reportetthé MDE for municipal water
supply (MDE use code 101) There are currently nine WSAs in Carroll Coufffigure
2-3):

1. Bark Hill, 6. New Windsor,

2. Freedom/Sykesville, 7. Taneytown,

3. Hampstead, 8. Union Bridge, and
4. Manchester, 9. Westminster

5. Mount Airy,

Existing demands for commercial and industrial wates within the service areas were
evaluated based on County-provided acreage essmaittiplied by assumed use rates:
700 gpd/acre for commercial land use and 800 gpeldndustrial land use. It was
assumed that residential demands made up the réenainthe service area demands so
that:

Service Area Residential Demands = TSA — CSA — ISA (Eqn 2.1)

Where: TSA = Total Service Area Demands
CSA = Commercial Service Area Demands
ISA = Industrial Service Area Demands

MDE regulations stipulate that only those entitigth water withdrawals above 10,000
gpd are required to obtain a water appropriatiomgeand report monthly withdrawal
volumes. Virtually all self-supplied single-famihpouseholds do not require withdrawals
above the 10,000 gpd reporting requirement. Caresaty, self-supplied residential
demands were approximated from population estimales population estimates were
considered for use in the water balance — 2000fdatathe US Census Bureau (Figure
2-4) and the current (Dec 2008) County addresditmtaatabase (Figure 2-3). The 2000

" For consistency of the analysis, the use codéhecounty well in the Pleasant Valley Water Servic
Area (CL1995G053) was changed from private watppu(MDE use code 102) to municipal water
supply.

" The Bramble Hills WSA was considered to be suffitly small to merge it with the neighboring
Westminster sewer service area in the analysis
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Section 2
Methodology

Census data include both population and houselmidts. Although direct counts of
population are likely to produce more accuratenesties of demand than household
counts because of the required implicit assumpifche number of people per

household associated with household count dataCé¢msus 2000 data is nearly ten years
old and was considered to be out of date for estisnaf existing demands. Therefore,
the newer 2008 County address location databaseseakto estimate self-supplied
residential demands. It was assumed that eadtergsl address location outside of the
existing service area, as determined by GIS amglizgad an inhabited single-family
dwelling with an average water demand of 250 ggpbed by a groundwater well. The
2000 Census Data indicate that Carroll County Inesvarage occupation rate of
approximately 2.9 persons per household and avenalgieshed literature values of per
capita demands are approximately 80°dpdecause both the occupancy and per capita
demand rates are estimates, the calculated houdksééwiand rate was rounded up from
232 gpd to 250 gpd as a factor of safety sincensokmows what the precise occupancy
or per capita demand rates will be several decatieshe future.

Non-residential demands were estimated based @e wsdumes reported to the MDE in
2007 and categorized by MDE use code (Table 2aloyder to apply differing estimates
of buildout growth and return. Non-residential dem categories used in the evaluation
included industrial, agricultural, and quarriesS®S estimates of agricultural demands
were also considered during the course of the aisafyable A-2) because the USGS
figures include estimates of unreported withdrawalder 10,000 gpd. However, county
staff familiar with local agricultural practicesdicated that the USGS figures typically
over-estimated agricultural demands (1.21 mgd) @megpto the reported MDE
withdrawals (0.48 mgd).

As well as being categorized by demand type, wagarands were also categorized by
source: surface- versus groundwater. Reported @@@drawals to the MDE included
explicit information on whether the appropriatioasia surface water source or a
groundwater source, whereas estimates of self-mggémands were assumed to be met
by groundwater wells.

2.2.2. Permitted Scenario Demands

Maximum average day withdrawals permitted by MDEevestimated, as part of the
Permitted scenario, using the approach describedeafor existing demands.
Residential, commercial, and industrial allocatiahin service areas were estimated
using the same relative ratios determined by thstiag demands.

Because demands for self-supplied single-familidezgces are typically too small to
require a permit, self-supplied residential “allboas” were estimated using the same
methods and per-household use rate (250 gpd) asliks above.
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Section 2

Methodology
Table 2-1:
Carroll County MDE Water Appropriations by Use
CODE USE DESCRIPTION CATEGORY COUNT

101 Municipal Water Supply Municipal 38"
102 Private Water Supplier Private =
103 Commercial (drinking/sanitary) Industrial
104 Institutional (drinking/sanitary) Industrial 3
105 Recreational (drinking/sanitary) Industrial -
106 Industrial (drinking/sanitary) Industrial 1
107 Subdivisions w/ Individual Wells (till buildout) Private -
108 Trailer Park/Apartment Bldg/Condo Private 4
109 Residential Heat Pump Industrial -
110 Sewage Treatment Plant (all uses) Industrial -
111 Livestock Watering Agricultural 1
112 Farm Potable Supplies (migrant labor camp, etc.) Agricultural -
113 Mining Operations (Potable) Industrial -
201 Irrigation (Undefined) Agricultural -
202 Agricultural Irrigation Agricultural 12
203 Golf Course (Irrigation) Agricultural 8
204 Lawns and Parks (Irrigation) Industrial --
205 Nurseries (Plant Watering) Agricultural 7
302 Food Processing Industrial --
303 Indust Wash/Sep/Gnd Wat Cleanup NOT Sand/Grvl(309) Industrial 1
304 Mine Construction and Dewatering Quarries 4"
305 Commercial Heating and Cooling Water Industrial 1
306 Industrial Heating and Cooling Water Industrial --
307 Commercial Washing Processes Industrial --
308 Laboratories Industrial --
309 Sand and Gravel Washing Quarries --
310 Product Manufacturing Industrial --
311 Fossil Fueled Power Generation Industrial --
312 Nuclear Power Generation Industrial --
313 Hydroelectric Power Generation Industrial -
314 Geothermal Power Generation Industrial -
315 Industrial - undefined Industrial 1
316 Commercial - undefined Industrial -
317 Mining Operations -undefined (exam. Dust suppress) Quarries -
318 Aquaculture Agricultural -
401 Hydrostatic Testing and Fire Protection Industrial 1

TOTAL 89

" The County’s Pleasant Valley permit [CL1995G053kwto be a considered a municipal supply.

' A permit for the Maryland Materials quarry wasdnkd since it has a National Pollution Discharge
Elimination (NPDES) Permit. Groundwater withdrasvalere assumed to be proportional to reported
discharges at the Quarry.
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2.2.3. Buildout Scenario Demands

Buildout scenario demands were estimated for theesaategories as above; however,
the approach for estimating future buildout demanmds significantly different from the
approach for estimating reported and permitted delnia Residential demands within
each service area were estimated by adding essroftalditional demands associated
with population growth inside the service areas amgexation of adjacent areas to the
existing demands (as determined in Section 2.Rbpulation growth inside the
expanded future water service areas was estimatag the 2008 BLI zoning GIS data to
determine the number of developable residentialdtdng within the expanded buildout
water service areas with the assumption that edaliduld contain a single-family
dwelling. Similarly, population growth due to taenexation of existing households into
the future water service areas was estimated tisen§ounty address location GIS data.
The additional number of households was multipbigdhe assumed average household
demand rate (250 gpd) and added to the existingemt$al demands. Buildout
commercial and industrial demands were estimatedebgrmining the planned
commercially and industrially zoned area acreagesdch service area at buildout and
multiplying by the assumed average 700 and 800agpelluse rates, respectively.

Because the water balance approach is most cgrptiormed by summing
withdrawals (where the water is removed from theeirg environment) rather than direct
demands, withdrawals associated with the totalicearea demands (i.e. residential,
commercial, and industrial) were apportioned tovlagersheds using the following
method. Existing allocations for each service aveee tabulated by both service area
and watershed. Planned water resource projecteidypliscussed in the Carroll
County’s September 200Master Plan for Water and Sewerdgeere also added to the
table. Buildout service area source water allocatatios were projected for each
watershed by dividing each watershed’s contributinddout allocation to a given
service area by the total buildout allocation asged with that service area. (For
example, Taneytown currently has a 0.10 mgd aliocah the Double Pipe Creek
watershed (18%) and a 0.48 mgd allocation in theddMonocacy River watershed
(82%). Given the planned 1.15 mgd intake on BjgeRCreek, the total buildout
allocation ratios between source watersheds wdwddge to 72 percent in the Double
Pipe Creek watershed and 28 percent in the Upp@aokbxy watershed.) Implicit in this
method is the assumption that future buildout deisamill be met by withdrawals from
the same (scaled) combination of sources (by waedrand well versus surface water
intake) as are currently allocated, taking intoocaet planned allocations. Service area
demands were similarly apportioned to groundwatersurface water sources using the
combined existing and planned allocation ratioabulations of the calculations are
discussed below in Section 3 and presented in Agipes B and C.

Buildout self-supplied residential demands werevested by adding the additional
demands associated with population growth outs$idesérvice areas and subtracting the
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demand reductions associated with annexation ng@érvice areas. Population growth
was estimated using the BLI land use designatid daita to determine the number of
developable residential lots outside the servieaswith the assumption that each lot
would contain a single-family dwelling. Similarlghe population reduction of self-
supplied residents due to annexation was estimegiedj the county address location GIS
data. The net household change at buildout wasptied by the assumed average
household use rate (250 gpd).

Future buildout commercial and industrial demanatside of the service areas were
estimated by multiplying existing demands by altgtawth rate of 25 percent (i.e. future
demands = existing demands x 1.25) based on Cestityates of buildout conditions.
The 25% growth rate was based on extrapolated ¢20@8) estimates from Carroll
County prepared for the Baltimore Metropolitan Ceitfi. Quarry demands were
assumed to grow proportionately with industry. hésiilgh some conversion of
agricultural demands into non-agricultural useshihagcur as part of buildout changes,
agricultural demands were conservatively assumeenain constant. This assumption
is supported by the fact that USGS estimates a€@gural demands in Carroll County
have been relatively stable (between 1 and 1.4 sigd 1985

2.3. Water Returns

An assessment of water returns was included invdter balance assessment in order to
provide an estimate of the net quantitative witlgs in the County and in each
watershed. Unless otherwise noted below, the saetkodology for each of the three
scenarios (existing, full allocation, future buildpwas used to determine returns.
Returns from the wastewater treatment plants ih eéthe sewer service areas (SSA)
were determined by a similar process as futuredsétivals. There were ten sewer
service areas considered in the analysis (Figlse 2-

1. Freedom/Sykesville, 6. Pleasant Valley
2. Hampstead, 7. Taneytown,
3. Manchester, 8. Union Bridge,
4. Mount Airy, 9. Westminster, and
5. New Windsor, 10. Winfield.
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The quantity of wastewater treatment plant (WWTéR)ims was estimated by
multiplying estimated withdrawals by a return facté return factor of 80% was
estimated by comparing MDE reported withdrawalth®County’s most recent (Dec
2008) Capacity Management Plan (CMP) worksheetemager discharge data
(excluding inflow and infiltration (I/I)) into seive area wastewater collection systems
From a water balance perspective, I/l flows shautbe included in the quantitative
water balance assessment because these flowgpa@ltydue to undesirable leaks in
the collection system and ideally will be reduce@ tminimum in future years. A
relative comparison of 2007 monthly discharges froomicipal wastewater treatment
plants was used to estimate seasonal variatioregums (Figure 2-6). Relative to the
rest of the year, wastewater returns rates weredoim the summer months due to
consumptive use associated with residential larmsgagation.

120%

| —#— Maonthly —l—Quaterly

100% 0.91

0.20

80% = 22 A
| ECHIZE A

60%

40%

Estimated Seasonal Return Rate

20%

0%

lan Feb Mar Apr May Jun Jul Aug Sep Oct Mow Dec

Figure 2-6: Seasonal variations in 2007 municipal WWTP returns

Direct discharges for existing large commercial anttlistrial water users were estimated
using average values reported to the MDE as pat$ state National Pollutant Discharge
Elimination System (NPDES) permit program in 20@irect discharges for the
commercial and industrial water users under thieafldcation and buildout scenarios
were estimated by assuming an 80% return ratseibisupplieccommercial and

industrial users with a withdrawal permit.

The most recent values for total freshwater corptiva use in Marylartf’ are
approximately 10%, which correspond to return rafe30%. National estimates of
domestic-commercial freshwater consumptive use wstienated at 19%, while state

" The analysis excluded Mount Airy withdrawals arstHarges because Mount Airy straddles Carroll and
Frederick Counties so that available withdrawal disg¢harge data were not comparable.
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estimates of domestic consumptive use in Marylaarevapproximately 108 The
Advisory Committee on the Management and Protecaifdhe State's Water Resources
assumed septic system return rates in the MondRa®y watershed, which includes
portions of Carroll County, were approximately 80%pecifically, the Monocacy River
Watershed Pilot Study (appended to the May 2004isaaly Committee report) assumed
that homes on individual wells and septic systeraeweturning 80% of the water they
take from their wells to the surficial aquifer @eharge. The Advisory Committee value
of 80% was chosen for this WRE analysis as it lmasiore conservative of the two
values and was more specific to the study area.

Septic system discharges were estimated using aalysis of the County’s address
location database joined with spatial informationiand use. Residential parcels outside
of the SSAs were assumed to have a single famisflohg unit with an average return
rate of 200 gpd (250 gpd withdrawal times an 80farrerate). Similarly, self-supplied
non-residential entities outside of the SSAs arttiauit a water withdrawal permit (i.e.
withdrawals under 10,000 gpd), such as churchésats, and small businesses, were
assumed to have an average septic return rateOof@ Under buildout conditions, the
number of residential and non-residential septitsumas estimated by adding the
anticipated number of units outside of the futugA®oundaries, including both
projected and existing units, and by subtractirggrthmber of existing septic units
annexed into the future SSAs.

Agricultural returns were estimated by assumingreff rate of 5% and a recharge rate
of 10% for a total return rate of 15%; however,@agtural returns were not used in the
default settings for the overall water balance wWakons.

Quarry returns were estimated separately from camialeand industrial demands to
account for the much higher assumed return ra@% (because quarries typically have
very little consumptive water use) multiplied bysario withdrawals.

Returns were also categorized by surface wateusepoundwater returns. All returns
associated with NPDES permits including those giteemunicipal WWTPs, commercial
and industrial direct discharges, and quarry diggds are returned as surface water.
Groundwater returns were estimated based on thie sefurns.

2.4. Water Resources

Water resources were quantitatively evaluatedliniaé of the County’s MDE eight-
digit watersheds. The net potential quantitatiapacts to county water resources due to
water demands and returns under existing, fulcation use, and future buildout
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scenarios were determined by using the methodaagined in the two preceding
sections.

2.4.1. Groundwater Availability

Groundwater availability in each watershed waswsted using the methodology
outlined in the MDE guidance for the water balapogtion of the WRE? The ten-year
recurrence interval (Q1-in-10) flows were usedresrecommended conservative
estimate of expected groundwater flows. The graater availability was then
estimated as the Q1-in-10 groundwater flows minmsramum amount for reserved for
base flow to streams. The MDE recommended minimasarve flow is the 7Q10 flow
(the lowest flow occurring over a seven day pendith a recurrence interval of ten
years). Therefore, the MDE-recommended groundveataitability was determined
using the following formula:

GWa = ([Q1-in-10] - [7Q10]) x Area x 74.346 (egB:1)
where: [GW,] = groundwater availability for a given area
[Q1-in-10] = the effective recharge during a 1 in 10 yeaudht in inches

per year from column seven of Table A-3;

[7Q10] = the 7-day 10-year low flow in inches per yeanircolumn
sixteen of Table A-3;

Area = the analysis area in acres; and

74.346 = a conversion factor changing acre-inches per tgegpd

In order to determine the groundwater availabityach watershed, the watersheds
were divided into hydrogeomorphic regions to acedandiffering recharge rates
associated with different hydrogeologic conditipmgsent throughout the county. There
are three hydrogeomorphic regions in Carroll Coumfiesozoic Lowlands, Piedmont
Carbonate, and Piedmont CrystalftheEach hydrogeomorphic region in each watershed
was assigned a surrogate USGS streamflow gaugedanogdo the recommended MDE
methodology (Figure 2-7). Groundwater availability in eachterahed was estimated

by areally proportioning groundwater availabilityeach of the hydrogeomorphic
regions. It was assumed that there would be ncheetge in groundwater recharge rates
relative to existing conditions at buildout dueg@gulatory requirements for maintaining
pre-development recharge rdtes

Estimates of surplus groundwater remaining forcatmn in each watershed were
determined by subtracting groundwater demands thengroundwater availability in
each scenario.
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2.4.2. Surface Water Availability

Minimum flows in a stream, known as “flowbys”, aeguired by Maryland regulatiofis
in order to protect streams from impacts due téaserwater appropriations. Flowby
requirements for streams in Maryland are typicd#tyeloped using the Maryland Most
Common Flow Method** which consists of determining the fifteenth petide (85%
exceedance) of monthly flows (Q15) based on anyaisabf daily values over the
historical record of a gauge adjusted to the dgererea of interest. The resulting
monthly flowby values were grouped into annual ages. The water balance
assessment tool can also calculate seasonal flealbgs in quarterly or biannual
groupings given a water year starting on a chosemtim The same surrogate gauges that
were used to estimate groundwater availability wesed to estimate the flowbys for
each watershed.

The method discussed below was used to estimatetdigheoretical amount of usable
reservoir storage required to sustain a total sarfeater requirement, consisting of a
given demand and the required flowby, for each rsht.

Required usable storage estimates were based anadysis of the worst drought in the
period of record for each stream gauge. For angdeamand, the required usable storage
capacity of a reservoir was estimated iterativglyubing a simple mass balance over the
period of record:

Vis1 =V, +inflow; — Y —spillage |i=1ton (egn. 2-2)
where: | = subscript indicating the sequential oathe period of record
n = the number of days in the period of record
\ = reservoir storage volume in inches;
inflow = inflow normalized by gauge area in inches;
Y = vyield (flowby + demand) in inches;
spillage = aterm to ensure that the storage volume doesxeeed the

specified usable storage capacity of the resemanches
max( 0, Vi + inflow — Y — capacity)

When recursively applied over the period of rectind, mass balance equation produced
a theoretical storage history for the specifiedstant yield value (Figure 2-8). For a
given gauge and a set of yield values, the stotagacity was iteratively selected until
the minimum storage volum®) for the entire period of record was less thandf%he
capacity (as shown in Sept 2002 in Figure 2-8)icatithg the usable reservoir capacity
had been estimated. The reservoir volume, infeovd yield terms in equation 2-2 were
normalized by contributing watershed area in otdemombine multiple gauges in
different hydrogeomorphic regions. This methodsube worst drought on record to
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determine the required storage capacity to meet@add and flowby requirement,
ignores the effects of direct precipitation andparation, and assumes no dead storage
volume. The worst drought on record varied betweatersheds, but either occurred in
one of two periods - 1966-1967 or 2002-2003.

For each gauge, the set of yield values and reguléquired usable storage capacity
values were tabulated to produce a curve over a vadge of yield values (Figure 2-9)
encompassing likely withdrawal requirements in &ddito the required flowby.

An average storage-yield curve was estimated fcin eatershed (Figure 2-10) in the
county by areally proportioning the estimated yieddlies to given reservoir volumes by
hydrogeomorphic region (Figure 2-7). The resulphgis in Figure 2-10 were then used
to determine the theoretical total usable storageired to meet surface water demands
and flowbys in each watershed.
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Figure 2-8: Typical curve of estimated reservoir volume over the period of record
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3. Results by Watershed

A brief discussion of water balance assessmenltsaslating to each watershed is
presented below, whereas County-wide results amugsed in Section 4. Numerical
results of the water balance analysis are tabulatégpendix B and presented
graphically in Appendix C. Results are based @nasumptions outlined in the
preceding section and summarized in Table B-lintasés of reservoir volumes
presented in this section represent the total asgtbrage that would theoretically be
required to meet the total surface water demantiseiigiven watershed as well as
estimated flowby requirements.

3.1. Conewago Creek [02050301]

The Conewago Creek watershed, located in the norfia@tion of the County, is one of
the smaller 8-digit MDE watershed areas in the @p(H42 square miles). Conewago
Creek is part of the Lower Susquehanna sub-basirilews northward into
Pennsylvania. The watershed does not include atheaounty’s WSAs. Estimates
determined using the water balance assessmerdrmsummarized in Table 3-1and
presented in Table B-3.1.

Table 3-1:
Conewago Creek Water Balance Assessment Results Summary

‘ Reported Permitted Buildout

DEMANDS
SW Surface Water 0 0 0
GW Groundwater 86,500 86,500 130,500
Total 86,500 86,500 130,500

RETURNS
WWTP 0 0 0
Septic 71,000 71,000 91,800
Total 71,000 71,000 104,400

WATER RESOURCES
SW Flowby 1,692,436 1,692,436 1,692,436
SW Storage NA NA NA
GW Availability 1,392,239 1,392,239 1,392,239
GW Surplus 1,376,739 1,376,739 1,366,139
I\'\é\llkcl\%l' gg::g:: ggﬂﬂg Water Demands and Availability 3-1
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Annual average demands in the watershed are appatedy 0.09 mgd, all of which is
for self-supplied residential groundwater use. Berds were projected to grow to 0.13
mgd at buildout. Similarly, septic returns weréraated to increase from 0.07 mgd to
0.10 mgd at buildout.

Groundwater availability in the Carroll County port of Conewago watershed was
estimated to be approximately 1.4 mgd. Therefgireen the present level of analysis,
water resources in the Conewago Creek watershealvaikable in sufficient quantities
that they could be developed to meet projectedibutldemands.

3.2. Double Pipe Creek [02140304]

The Double Pipe Creek watershed is located in tithwest portion of the County and is
the largest 8-digit MDE watershed area in the Cpunith an area of approximately 164
square miles. Double Pipe Creek is a major trifyutathe Monocacy River sub-basin.
The watershed includes the Union Bridge, New WindBark Hill, and Pleasant Valley
WSAs, and portions of the Westminster and Taneyt®¥8As. Estimates determined
using the water balance assessment tool are sugadan Table 3-2 and presented in
Table B-3.2.

Table 3-2:
Double Pipe Creek Water Balance Assessment Results Summary

‘ Reported Permitted Buildout

DEMANDS
SW Surface Water 139,907 792,300 1,352,061
GW Groundwater 5,887,204 7,254,300 8,839,668
Total 6,027,110 8,046,600 10,191,729

RETURNS
WWTP 2,553,821 3,327,290 4,017,641
Septic 1,491,200 1,491,200 2,157,600
Total 5,785,821 6,664,090 9,463,363

WATER RESOURCES

SW Flowby 37,707,072 37,707,072 37,707,072
SW Storage 5,029 5,254 5,447
GW Availability 32,171,059 32,171,059 32,171,059
GW Surplus 27,800,855 26,433,759 25,825,391

Annual average existing demands in the watershed@roximately 6.0 mgd, mostly for
residential use (49%) and quarry dewatering (418@proximately 8.0 mgd have been
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allocated, so that 75% of the total permitted wafgropriation is currently being used.
Demands were estimated to increase to 10.2 mgdildbht indicating a possible need
for approximately 2.1 mgd of additional appropoas in the watershed. Much of the
estimated growth in demand is expected to occutalugreased self-supplied
residential demands (1.1 mgd) which do not curyerettjuire a permit.

Existing surface water withdrawals were projectethtrease from 0.14 mgd to 1.4 mgd
at buildout conditions, which is above the currtetdl surface water allocation of 0.73
mgd in the watershed. In order to continuously tnifee future demand rate given the
estimated 37.7 mgd flowby requirement, it wouldneeessary to develop a total usable
reservoir storage capacity of approximately 5.4dwilgallons in the watershed.

Groundwater withdrawals were estimated to incréase 5.8 mgd to 8.8 mgd at
buildout conditions, which is above the currenatatliocation of 7.3 mgd in the
watershed. Estimated groundwater withdrawals ol egenario are significantly below
estimated availability with a calculated surplu6f8 mgd given buildout demands.

Water returns in the watershed are largely comgrigenunicipal WWTP returns (2.6
mgd, 44%), quarry discharges (1.7 mgd, 30%), apticsesturns (1.5 mgd, 26%). Total
returns are projected to increase from the existitg of 5.8 mgd to a buildout rate of 9.5
mgd.

Given the present level of analysis, water resaunte¢he Double Pipe Creek watershed
are available in sufficient quantities that theyldobe developed to meet projected
buildout demands.

3.3. Liberty Reservoir [02130907]

The Liberty Reservoir watershed is the second #rigethe County, with an approximate
area of 136 square miles and is located in theewapbrtion of the County. Liberty
Reservoir is the major water feature in the watlsdind serves as a major water source
for the Freedom/Sykesville WSA and for the CityBafitimore. The watershed includes
portions of the Freedom/Sykesville, Hampstead, Master, and Westminster WSAs.
Estimates determined using the water balance amses$ool are summarized in Table
3-3 and presented in Table B-3.3.
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Table 3-3:
Liberty Reservoir Watershed Water Balance Assessment Results Summary

‘ Reported Permitted Buildout

DEMANDS
SW  Surface Water 4,318,319 6,764,900 5,977,392
GW Groundwater 5,595,895 5,892,400 8,074,285
Total 9,914,214 12,657,300 14,051,678

RETURNS
WWTP 231,770 296,310 262,554
Septic 2,770,600 2,770,600 3,664,400
Total 4,153,673 4,403,670 5,792,080

WATER RESOURCES

SW Flowby | 42,672,450 42,672,450 | 42,672,450
SW Storage 3,534 3,868 3,760
GW Availability | 35,012,921 35,012,921 35,012,921
GW Surplus 32,292,226 31,995,721 30,961,636

Annual average existing demands in the watershed@proximately 9.9 mgd, mostly
residential use (83%). Approximately 12.7 mgd hibgen allocated, so that 78% of the
total permitted water appropriation is currentlyngeused. Demands were predicted to
increase to 14.1 mgd at buildout.

Surface water withdrawals were estimated to inedéasn an existing 4.3 mgd to 6.0
mgd at buildout, which is above the current allarabf 6.8 mgd. In order to
continuously meet the future demand rate giverestienated 42.7 mgd flowby
requirement, it would be necessary to developa table reservoir storage capacity of
approximately 3.8 billion gallons in the watershed.

Groundwater withdrawals were projected to incrdem® 5.6 mgd to 8.1 mgd, which
was also above the current allocation of 5.9 migstimated groundwater withdrawals in
each scenario are significantly below the totailatdity with a calculated surplus of
31.0 mgd given buildout demands and returns.

Water returns in the watershed are largely comgrideseptic returns (2.8 mgd, 67%)
and industry discharges (1.0 mgd, 25%). Munic&VTP returns are largely returned
to adjacent watersheds so that municipal returhsamtount for approximately 5.6%
(0.23 mgd) of the total returns despite relativalge municipal demands in the
watershed. Water returns are projected to incremSe83 mgd at buildout.
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Given the present level of analysis, water resaunte¢he Liberty Reservoir watershed
are available in sufficient quantities that theyldobe developed to meet projected
buildout demands.

3.4. Loch Raven Reservoir [02130805]

A small portion of the Loch Raven Reservoir watersis located in eastern Carroll
County. The Loch Raven Reservoir watershed hagemof only 0.93 square miles in
Carroll County and is a part of the Gunpowder-Patasub-basin. Portions of the
Hampstead WSA are located in the Loch Raven Resematershed. Estimates
determined using the water balance assessmerdrmsummarized in Table 3-4 and
presented in Table B-3.4.

Table 3-4:
Loch Raven Reservoir Watershed Water Balance Assessment Results
Summary
‘ Reported Permitted Buildout
DEMANDS
SW Surface Water 0 0 0
GW Groundwater 326,105 355,250 705,166
Total 326,105 355,250 705,166
RETURNS
WWTP 367,719 464,000 592,550
Septic 3,400 3,400 45,600
Total 371,319 467,600 640,950
WATER
SW Flowby 288,987 288,987 288,987
SW Storage NA NA NA
GW Availability 237,727 237,727 237,727
GW Surplus -84,778 -113,923 -419,039

Annual average existing demands in the watershed@proximately 0.33 mgd, mostly
for serviced residential use (77%) and self-supplesidential use (18%). Approximately
0.36 mgd have been allocated, so that the totatifted water appropriation permitted is
currently being used. Demands were projecteddeease to 0.71 mgd at buildout
indicating a likely need for additional permitstire watershed.

Water withdrawals in the County are currently frgroundwater sources only and are
anticipated to remain so at buildout.
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Groundwater availability in the Carroll County gort of the Loch Raven Reservoir
Watershed was estimated to be approximately 0.2t negplting in existing and buildout
shortfalls of 0.085 mgd and 0.42 mgd, respectively.

Without a more detailed evaluation or expansiothefanalysis area, the water resources
in the Carroll County portion of the Loch Raven grahed would not be sufficient to
meet buildout groundwater demands. Future wateradels in this watershed would
have to be met using water from outside the smalidll County portion of the
watershed.

3.5. Lower Monocacy River [02140302]

The Lower Monocacy River watershed is located enxgbuthwest portion of Carroll
County and has an approximate area of 8.5 squades within the County. The County
portion of the watershed includes the headwatetsngfanore Creek. The watershed
includes part of the Mount Airy WSA. Estimatesetatined using the water balance
assessment tool are summarized in Table 3-5 aseémiex in Table B-3.5.

Table 3-5:
Lower Monocacy River Watershed Water Balance Assessment Results
Summary
‘ Reported Permitted Buildout
DEMANDS
SW Surface Water 0 0 0
GW Groundwater 313,202 332,250 314,072
Total 313,202 332,250 314,072
RETURNS
WWTP 0 0 0
Septic 192,200 192,200 222,600
Total 196,800 196,800 244,000
WATER RESOURCES
SW Flowby 2,057,587 2,057,587 2,057,587
SW Storage NA NA NA
GW Availability 1,665,118 1,665,118 1,665,118
GW Surplus 1,548,717 1,529,668 1,595,046

Annual average existing demands in the watershed@ggroximately 0.31 mgd, for self-
supplied residential (82%) and municipal supply%8 Approximately, 0.33 mgd have
been allocated, so that 94% of the total permittater appropriation is currently being

used. Demands were projected to remain relat@hgtant at buildout; however since
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demands are within 10% of the allocation. Munitipéhdrawals in the watershed are
anticipated to be reduced from 0.058 mgd to 0.008 due to the proposed 3.8 mgd
Gillis Falls Reservoir, which is to be located e tSouth Branch Patapsco River
watershed. Self-supplied residential demands>greated to increase from the current
demands of 0.25 mgd to projected buildout demah@s305 mgd.

There are currently no surface water withdrawakappations in the watershed, nor are
any such appropriations anticipated at buildoutouBdwater demands are projected to
remain relatively constant at 0.31 mgd, which iarrtee current allocation of 0.33 mgd
indicating a possible need for additional apprdpmapermits.

Based on the evaluation of water usage in the slagel;, the only water returns in the
watershed originate from septic systems at appratain 0.19 mgd. Returns are
projected to increase to 0.22 mgd under buildontimmns.

Groundwater availability in the Carroll County gort of the Lower Monocacy River
watershed was estimated to be approximately 1.6¥, regulting in existing and buildout
surpluses of 1.55 mgd and 1.60 mgd, respectively.

Given the present level of analysis, water resauntéhe Lower Monocacy River
watershed are available in sufficient quantitied they could be developed to meet
projected buildout demands.

3.6. Patapsco River Lower North Branch [02130906]

A small portion of the Lower North Branch Patap&ieer watershed is located in the
southeast corner of Carroll County. The waterdteeddan area of 0.88 square miles in
Carroll County and is a part of the Gunpowder-Pstasub-basin. The Liberty
Reservoir watershed is immediately upstream ot.ttveer North Branch of the Patapsco
River watershed. There are no WSAs in the watelssstimates determined using the
water balance assessment tool are summarized la Baband presented in Table B-3.6.

Annual average existing demands in the watershedgproximately 5,250 gpd for self-
supplied residential use. There are currentlyeronitted allocations in the watershed.
Demands were projected to increase to 15,250 gpsefbsupplied residential uses at
buildout conditions.
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Table 3-6:
Patapsco River L N Br Watershed Water Balance Assessment Results
Summary
Reported Permitted Buildout
DEMANDS
SW Surface Water 0 0 0
GW Groundwater 5,250 5,250 15,250
Total 5,250 5,250 15,250
RETURNS
WWTP 0 0 0
Septic 3,200 3,200 10,600
Total 3,200 3,200 12,200
SwW Flowby 276,398 276,398 276,398
SW Storage NA NA NA
GW Availability 209,640 209,640 209,640
GW Surplus 207,590 207,590 206,590

Water withdrawals in the County are currently frgroundwater sources only and are
anticipated to remain so at buildout. The curestimate of septic returns was 3,200 gpd
and was projected to increase to approximatelyQlR2¢gmd under buildout conditions.

Groundwater availability in the Carroll County port of the Lower North Branch of the
Patapsco River watershed was estimated to be appatety 0.210 mgd resulting in a
calculated buildout surplus of approximately 0.203d.

Given the present level of analysis, water res@inte¢he Patapsco River Lower North
Branch watershed are available in sufficient quiestithat they could be developed to
meet projected buildout demands.

3.7. Prettyboy Reservoir [02130806]

The Prettyboy Reservoir watershed is located imthéheast corner of the County and
has an area of approximately 32.9 square mileg Prbttyboy Reservoir watershed is
part of the Gunpowder-Patapsco sub-basin and dgntoavs eastward into Baltimore
County. The watershed includes portions of the ptead and Manchester WSAs.
Estimates determined using the water balance amses$ool are summarized in Table
3-7 and presented in Table B-3.7.
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Table 3-7:
Prettyboy Reservoir Watershed Water Balance Assessment Results
Summary
‘ Reported Permitted Buildout
DEMANDS
SW Surface Water 12,268 22,000 12,268
GW Groundwater 876,583 1,112,650 1,260,141
Total 888,851 1,134,650 1,272,409
RETURNS
WWTP 240,661 457,360 375,293
Septic 587,600 587,600 804,800
Total 840,061 1,056,760 1,280,293
SwW Flowby | 10,431,070 10,431,070 10,431,070
SW Storage 720 721 720
GW Availability 8,411,515 8,411,515 8,411,515
GW Surplus 8,134,332 7,898,265 8,056,375

Annual average existing demands in the watershed@sroximately 0.89 mgd, mostly
for self-supplied residential use (83%) and muratnesidential uses (9.3%).
Approximately 1.13 mgd have been allocated in thgevshed, so that 78% of the total
permitted water appropriation is currently beingdis Demands were projected to
increase to 1.28 mgd at buildout conditions indingas possible need for additional
appropriations in the watershed, although muchefestimated growth in demand is
expected to occur due to increased self-suppligideatial demands which do not
currently require a permit.

Existing surface water withdrawals were estimateretnain relatively constant at
approximately 12,000 gpd from existing to buildoanditions, which is less than the
current surface water allocation of 22,000 gpdve@ithe estimated flowby of 10 mgd, a
total theoretical usable reservoir storage capadigpproximately 720 million gallons
would be required to meet buildout demands.

Groundwater withdrawals were projected to incrédem® 0.88 mgd to 1.26 mgd at
buildout conditions, which is above the currenatgiroundwater approximate allocation
of 1.11 mgd. Projected groundwater withdrawalsanh scenario are significantly below
total estimated availability with a calculated dugpof 8.06 mgd given buildout demands
and groundwater returns.

The majority of water returns in the watershed enitliy consist of septic returns
(approximately 0.6 mgd, 70%) and municipal WWTRine$ (approximately 0.24 mgd,
29%). Future returns are projected to increade28 mgd.
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Given the present level of analysis, water resaunteéhe Prettyboy Reservoir watershed
are available in sufficient quantities that theyldobe developed to meet projected
buildout demands.

3.8. South Branch Patapsco [02130908]

The South Branch Patapsco River watershed is ldcaténe southern portion of the
County and has an area of approximately 60.52 squdes. The South Branch of the
Patapsco River is a major tributary in Gunpowdeapsco sub-basin and flows eastward
along the County’s southern border into the Lowerth Branch of the Patapsco River
watershed. The watershed includes portions oFtkedom/Sykesville and Mount Airy
WSAs. Estimates determined using the water balassessment tool are summarized in
Table 3-8 and presented in Table B-3.8.

Table 3-8:
S Branch Patapsco Watershed Water Balance Assessment Results
Summary
‘ Reported Permitted Buildout
DEMANDS
SW Surface Water 53,660 3,441,100 635,530
GW Groundwater 1,784,294 2,392,500 2,173,533
Total 1,837,954 5,833,600 2,809,063
RETURNS
WWTP 1,988,161 6,745,000 3,683,066
Septic 1,071,600 1,071,600 1,440,400
Total 3,080,163 7,902,842 5,295,578
WATER RESOURCES
SwW Flowby 18,109,302 18,109,302 18,109,302
SW Storage 1,497 2,232 1,610
GW Availability 14,398,786 14,398,786 14,398,786
GW Surplus 13,706,492 13,098,286 13,813,453

Annual average existing demands in the watershed@roximately 1.8 mgd, mostly for
self-supplied residential use (79%) and municipaldential uses (6.8%). Approximately
5.8 mgd of appropriations have been allocatedenstatershed, so that approximately
32% of the total permitted water appropriationusrently being used (including self-
supplied residential withdrawals which do not regq@ permit). Demands were
estimated to increase to 2.8 mgd at buildout catindicating that existing permits
may be sufficient to meet projected demands.
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Existing surface water withdrawals were predictedthtrease significantly from an
existing 0.05 mgd to buildout 0.64 mgd, which issli¢han the current allocation of 3.44
mgd. Given the estimated flowby of 18.1 mgd, alttteoretical usable reservoir storage
capacity of approximately 1.60 billion gallons waide required to meet buildout
condition demands.

Groundwater withdrawals were predicted to incrédem® 1.78 mgd to 2.17 mgd at
buildout conditions, which are below the currenatgroundwater allocation of 2.39
mgd. Most of the growth includes self-supplieddestial demands which do not
currently require an appropriation permit. Pragelcgroundwater withdrawals in each
scenario are significantly below estimated avaligbivith a calculated surplus of
approximately 14 mgd given buildout demands andimgavater returns.

The majority of water returns in the watershed (8dd) currently consist of municipal
WWTP returns (approximately 2.0 mgd, 65%) and sagtiurns (approximately 1.1
mgd, 35%). Future returns are projected to in@¢a$.3 mgd under buildout
conditions.

Given the present level of analysis, water resaunte¢he South Branch Patapsco River
watershed are available in sufficient quantities they could be developed to meet
projected buildout demands.

3.9. Upper Monocacy River [02140303]

The Upper Monocacy watershed is located in northevescorner of the County and has
an area of approximately 42 square miles. The Maogp River flows southward through
the watershed along the western edge of the Caaribe confluence with Double Pipe
Creek. The watershed includes a portion of theeyemwn WSA. Estimates determined
using the water balance assessment tool are sugadan Table 3-9 and presented in
Table B-3.9.

Annual average existing demands in the watershedgproximately 0.76 mgd, mostly
for municipal residential uses (44%) and self-sigaptesidential use (36%).
Approximately 0.97 mgd of appropriations have bakwcated in the watershed, so that
approximately 78% of the total permitted water apiation is currently being used
(including self-supplied residential withdrawalsielihdo not require a permit).
Demands were estimated to increase to 1.02 mgudildbht conditions indicating that
additional permits will be required to meet progettiemands.
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Table 3-9:
Upper Monocacy River Watershed Water Balance Assessment Results
Summary
‘ Reported Permitted Buildout
DEMANDS
SW Surface Water 707 10,000 707
GW Groundwater 755,765 958,750 1,018,860
Total 756,471 968,750 1,019,567
RETURNS
WWTP 407,055 466,400 1,390,885
Septic 238,800 238,800 364,000
Total 651,855 826,400 1,904,050
SW Flowby 5,581,106 5,581,106 5,581,106
SW Storage 683 686 683
GW Availability 7,919,973 7,919,973 7,919,973
GW Surplus 7,409,009 7,206,023 7,352,513

Existing surface water withdrawals are currentiyiaor source of water (707 gpd) and
are projected to remain so at buildout conditionke required flowby for the Upper
Monocacy watershed was estimated to be 5.6 mgd.

Groundwater withdrawals were predicted to incrédem® 0.76 mgd to 1.02 mgd at
buildout conditions, which is above the currenatgiroundwater allocation of 0.96 mgd.
Most of the growth in demand includes self-suppfliesidential demands which do not
currently require an appropriation permit. Pragelogroundwater withdrawals in each
scenario are significantly below estimated avaligbivith a calculated surplus of
approximately 7.4 mgd given buildout demands amdiggdwater returns.

The majority of water returns in the watershed §0v&d) currently consist of municipal
WWTP returns (approximately 0.41 mgd, 62%) andisepturns (approximately 0.24
mgd, 37%). Future returns are projected to in&@¢ad.9 mgd under buildout
conditions.

Given the present level of analysis, water resaunmtéhe Upper Monocacy River
watershed are available in sufficient quantities they could be developed to meet
projected buildout demands.
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4. County-Wide Results

A discussion of water balance assessment restatsgeto the County as a whole is
presented below, whereas results relating to tihieiclual watersheds are discussed in
Section 3 above. Numerical results of the watéarizae analysis are tabulated in
Appendix B and presented graphically in AppendixResults are based on the
assumptions outlined in the preceding section, sanaed in Table 4-1, and presented in
Table B-10.

Table 4-1:
Carroll County Water Balance Assessment Results Summary

‘ Reported Permitted Buildout

DEMANDS
SW Surface Water 4,524,860 11,030,300 7,977,958
GW Groundwater 15,630,797 18,389,850 22,531,475
Total 20,155,657 29,420,150 30,509,433

RETURNS
WWTP 5,789,187 11,756,360 10,321,989
Septic 6,429,600 6,429,600 8,801,800
Total 15,153,891 21,592,362 24,736,914

WATER RESOURCES
SW Flowby 118,816,408 118,816,408 118,816,408
SW Storage 11,463 12,761 12,220
GW Availability 101,418,979 101,418,979 101,418,979
GW Surplus 92,391,182 89,632,129 88,758,104
4.1. Land Use

Current use of the land in the County is presemtddgure 4-1 and summarized in Table
4-2. The use of the land in the County is largkdyoted to agricultural (50%) and
residential (17%) uses along with a considerablewarnof forested lands (26%).
Designated Growth Areas in the County include Foe®@&ykesville, the Cities of
Taneytown, and Westminster, and the Towns of HagaplstManchester, Mount Airy,
New Windsor, and Union Bridge.
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Table 4-2:
Existing Land Use in Carroll County

Use of Land Sqg Mi Acres Percent of Total
Bare Ground/Rock 1.1 675 0.2
Brush 6.5 4,132 1.4
Forest 116.9 74,835 25.9
Wetlands 0.4 241 0.1
Water 5.2 3,301 1.1
Agriculture 224.0 143,381 495
Feeding Operations 0.6 410 0.1
Extractive 0.6 392 0.1
Low Density Residential 65.6 42,007 14.5
Medium Density Residential 11.0 7,023 2.4
High Density Residential 2.2 1,397 0.5
Open Urban Land 3.3 2,131 0.7
Commercial 6.5 4,145 1.4
Institutional 5.8 3,681 1.3
Industrial 2.4 1,507 0.5
Transportation 0.4 228 0.1
CARROLL COUNTY 452.3 289,487 100.0

Source: 2007 MDP Land Use/Land Classification Data
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4.2. Water Demands

4.2.1. Reported Scenario

Annual average existing demands in the County ppecximately 20.2 mgd. The
majority of the existing freshwater demands in@winty are associated with residential
uses, including 6.5 mgd (32%) for municipally supglresidential demands and 8.3 mgd
(41%)) for self-supplied residential demands. Eated water demands associated with
each WSA are categorized by watershed in Table B-4.

Other demands in the county include municipallypel commercial (0.4%) and
industrial demands (3.2%), self-supplied industt@hmercial demands (8.0%), and
agricultural demands (2.4%). The dewatering ofrges accounts for approximately
12% of the existing water demands in the Countyrr&htly, the largest individual
withdrawals in the County (with existing usage obéy mgd) are related to surface water
intakes serving municipal supplies and private gesr The larger individual industrial
uses include the S&G Concrete Co. (0.32 mgd), B&a&kecker Inc. (0.22 mgd), and
Congoleum Corp. (0.22 mgd) facilities (Table A-1)Mater demands associated with
agricultural and other non-domestic uses approgclhiut not exceeding, the MDE
10,000 gpd reporting threshold, may be underestichas mentioned in Section 1.2.

The majority of average water demands are mosthgbmet by groundwater wells
(78%) compared to surface water sources (22%)igiifecant portion of the
groundwater demand is from self-supplied domestersiwho do not require a water
appropriation permit, given that their individualusehold demands are well below the
10,000 gpd threshold. Current surface water wittvdits constitute a larger portion (4.1
mgd, 56%) of the total source supply (7.3 mgd) wbely examining withdrawals
subject to an MDE appropriation permit.

4.2.2. Permitted Scenario

There are approximately 21 mgd of existing appains in the County in addition to

an approximate average of 8 mgd of self-supplidddvawals for a total allocation of 29
mgd. The largest type of allocations in the Coy#26) is municipal supply to the
WSAs. Water appropriations associated with eaciA\&i® categorized by watershed
and source type.€. groundwater versus surface water) in Table B-dvale
appropriations in the county include self-suppiiedustrial/commercial entities (6.4%),
guarry and mining operators (11.2%) and agricultusars (4.0%). The largest

individual appropriations in the County include ¢slkeanentioned above in Section 4.2.1 in
addition to several emergency sources for munigppply with conditions on their use.
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Current water appropriations are evenly dividedveen surface water (50%) and
groundwater (50%) sources. Existing groundwatagess 15.6 mgd (85%) compared to
the current average limit of 18.4 mgd for groundwatppropriations, while existing
surface water usage is only 4.5 mgd (41%) compardae current limit of 11.0 mgd for
surface water appropriations.

4.2.3. Buildout Scenario

Water demands under buildout conditions were ptegeasing the methodology
discussed in Section 2. Annual average projeaslddut demands in the County are
approximately 30.5 mgd. The majority of the exigtdemands (74%) are associated
with residential uses, including 10.3 mgd (34%)rfarnicipally supplied residential
demands and 12.2 mgd (40%) for self-supplied resisledemands. Projected buildout
water demands associated with each WSA are categoboy watershed in Table B-4.

Other projected buildout demands in the countyudelmunicipally supplied commercial
(0.9%) and industrial demands (7.1%), self-supglelistrial/commercial demands
(6.6%), and agricultural demands (1.6%). The dexirag of quarries is projected to
account for approximately 10% of the buildout dedsaim the County.

Estimates of existing demands and projections dflbut demands by use type (Figure
4-2) and by source type (Figure 4-3) determinethénwater balance evaluation are
presented below.

4.3. Wastewater Returns

Wastewater returns and other effluents in the goard currently estimated to be 15.2
mgd. Septic systems (44%) and municipal WWTPs (3&% estimated to contribute the
large majority of wastewater discharges in the @puQuarry and direct industrial
discharges account for 12% and 7%, respectivelgnifgzant volumes of water may be
currently transferred between watersheds due tditebution of WSA supply sources
relative to WWTPs discharge locations. The two theasreme cases of this in the
County are approximately 3.8 mgdt of the Liberty Reservoir watershed and 1.8 mgd
into the South Branch Patapsco watershed. HowevertHas 0.1 mgd is estimated to be
transferred between the County and adjacent jutisdis by WSAs/SSAs that straddle
the County line, such as Mount Airy.
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Total returns are projected to increase to 24.7 atduiildout. The relative contributions
of returns types are predicted to remain similaexisting conditions, with approximately
40% originating from septic systems, 42% origingtirom Municipal WWTPs, and 12%
originating from quarries. Assuming that any irages in SSA capacity will be due to
plant upgrades and expansions that do not significehange the proportion of returns
by watershed, inter-watershed transfers are pegjectincrease to 5.4 mgait of the
Liberty Reservoir watershed and 3.1 migb the South Branch Patapsco watershed.

4.4, \Water Resources

4.4.1. Groundwater Resources

Groundwater availability was estimated in the Cglyt comparing conservative
estimates of annual recharge (Q1-in-10) flow whlilewing a reserve baseflow (7Q10)
according to MDE guidance, as discussed in Setibn The County-wide estimated
ten-year recurrence interval recharge rate fordla@ounty is approximately 5.8 inches
per year while the reserve baseflow is approxingetel inches/year, which results in a
County-wide groundwater availability of approximgt&01 mgd. With estimated
existing and projected buildout groundwater demarid$-23 mgd and total projected
demands of 30 mgd, groundwater resources in thetgaue theoretically more than
adequate to meet existing and buildout demandsveMer, groundwater resources are
not likely to be evenly distributed throughout theunty. The hydraulic properties of the
County’s major aquifers vary spatially and areath\wigher transmissivity and

storativity may not necessarily coincide with demnFurthermore, given that the major
source aquifers in the County are composed ofdradtrock, groundwater exploration to
find productive locations may be quite difficuEor example, “the City of Westminster
in Carroll County has recovered only one mgd fromtivelve mgd theoretically
available in the surrounding groundwater basinraftenty years of exploratiof”
Fractured rock aquifers are also more susceptibded@sonal variations in precipitation,
due to relatively low aquifer storativity valuesthre Maryland Piedmont Region, leaving
groundwater sources vulnerable to drought conditidddany self-supplied residential
wells in the fractured-rock area of Maryland went ith the 1999 and 2002 drougtfts

A detailed study of groundwater resources and abaitly in the fractured-rock area of
Maryland, including Carroll County, is slated tagpesometime this year (2009) through
funding and support from MDE, DNR and the USGS. fidwalts of this study should
provide results that will be useful for water resmms planning in the County.
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4.4.2. Surface Water

Estimates of surface water availability can be nubffecult to quantify than groundwater
availability as surface water flows are typicallpma variable and ephemeral. In order to
address this issue, usable storage capacity voltaneged to meet given demands were
estimated using the method outlined in Sectior22.8ased on the analysis, the County
would theoretically require as much as 12 billi@atigns of usable storage capacity to
meet projected buildout demands of 8.0 mgd ane@stienated flowby of 119 mgd. The
usable storage capacity is based on the respewatirat drought in the period of record of
each watershed, during in either one of the 196%¢18 2002-2003 drought events. In
addition, the required usable storage capacitynegéis are based on the entire drainage
area of the County. Because the largest compai¢hé required flows from storage are
associated with natural flow preservatiae.(meeting flowby requirements), site-specific
reservoirs with smaller contributing areas couldrmee efficient and require smaller
storage volumes. In other words, the amount ghg®required to meet average
projected buildout demands is over-estimated byMB& method outlined in Section
2.4.2. Analyses of site-specific reservoir confggions and operating rules would be
required to further refine and improve estimateseqlired storage to meet demands
while maintaining flowby requirements.

The majority of surface water supply currently gafalie to the County is through
appropriations or agreements for Piney Run Rese(8@ mgd), Liberty Reservoir (4.2
mgd) and Cranberry Reservoir plus Cranberry BramzhHull Creek (2.0 mgd), which
have a total average day appropriation of 9.5 mdgpich is less than the projected
buildout surface water demands of 9.9 mgd. Funtloee, the spatial distribution of
buildout surface water demands does not necessaiitgide with the locations of these
existing appropriations, indicating the likely ndled additional surface water
appropriations at buildout.

4.4.3. Potential Effects Related to Climate Change

Recent drought experiences across the countrydepport to predictions for increasing
drought and an increasing probability of experiegdhreshold level events in the middle
latitudes of North America. All across the counthe southeast and the Mid-Atlantic
regions, lake and reservoir levels dropped to danpty low levels during the last
decade. Significant, if not record-setting drougbrnditions developed twice this decade
in the Mid-Atlantic region. A multi-year droughteurred in 2001-2002 that redefined
river yields and supplies across the region. Réileatology studies show that severe
drought periods occurred prior to the 20th centungn streamflow monitoring began in
the region.

A rather dire climate picture was included in tharpland Commission on Climate
Change “Climate Action Plan - Interim Report to @mor and Maryland General
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Assembly™’. In this report it was stated thaftte Chesapeake Bay has already warmed

by about 2°F and continued warming will make oueagive efforts to restore its health
that much more difficult. Examination of the detdithe global models used by the
IPCC shows that, if GHG emissions continue to goovthe present trajectory, air
temperatures will increase in Maryland more thaa tfiobal average, resulting in
average winter temperature increasing by about Byfhe end of the century. While
this might be welcomed by some, average summeetatape would also increase by
about 7°F and the number of days with temperatgreater than 90°F is likely to
guadruple, with 25 or more 100°F days.... Precipdatduring the winter and spring is
likely to increase 10-15%, coming mostly in heapfall events, but the summers and
falls are likely to be drier as increased evapooatdepletes soil moistufe A future that
looks like this would include longer growing seasodmigher evaporation rates and higher
water demands for domestic, industrial and aguicaltusers. Perhaps of more concern
is the possibility of more severe drought and fiagcevents, both of which could
significantly affect the quantity and quality of i@al County’s water resources.

Climate change research efforts and data analgsasuimerous to list have been
undertaken in recent years. However, an impogahtication released earlier this year
(2009) by the federal government was entitled “@lienChange and Water Resources
Management: A Federal Perspectiv&” This interagency report was prepared by the
U.S. Geological Survey, U.S. Army Corps of Engise®&ureau of Reclamation, and
National Oceanic and Atmospheric Administratiorwolkey points made in this report
are as follows:

» “Climate change could affect all sectors of watesorgces management, since it
may require changed design and operational assumpt@bout resource
supplies, system demands or performance requirenamnt operational
constraints. The assumption of temporal statidgan hydroclimatic variables
should be evaluated along with all other assumgstion

» “Current expectations about future climate may iatBa need to supplement
historical climate information. Planning assumpmisomight instead be related to
projections of future temperature and precipitatiobhis can be accomplished
using a multitude of approaches; a best approachy& to be determinéd

Considering that Carroll County is looking out déesinto the future toward a build-out
condition, and with the possibility of reduced sgifeld when considering pre-20th
century history and potential climate change effefttture water supply needs may be
greater than currently anticipated. The sciencenmd yet progressed to the point of
being able to quantify how groundwater levels,atrBow patterns or drought severity
will change in the Mid-Atlantic region as a resofltcurrent climate change trends.
However, a prudent approach is to be pro-actiy@ganning for future water needs and to
consider a diverse suite of water sources to imgeupply reliability in the event of
severe drought or other climate-induced changester availability. Carroll County
may wish to consider moving more in the directibimeegrated water resources
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planning to integrate and balance all possible masources to sustain water demands
far into the future. Integrated water resourcesping is gaining momentum in this
country and, as summarized below, offers a numbsigaificant improvements over
traditional water supply planning approaches:

» Comprehensive and diverse evaluation criteria jisitleast-cost solution)
» Considers supply reliability (not just current ceipg
* Demand can be modified (not just supply options)
* Embraces uncertainty with planning for multiple gibge future scenarios
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