VIll. WATER AVAILABILITY ISSUES

The greatest challenges for water supply issues in the Deer Creek Watershed are
population growth and urbanization within and adjacent to the watershed, as well as the potential
impact of such growth on the ability of the resource to meet long-term needs for agricultural
operations. In the following sections, population growth and water use projections are developed
for the Deer Creek Watershed.

At the current time, a primary issue of concern is the BRAC plan for APG. Harford
County is undertaking significant planning steps to address potential population growth
associated with this BRAC (Harford County, 2007). Surface water and groundwater resources in
the Deer Creek Watershed may be appropriate resources to support this future development
outside the watershed. Similarly, the towns of Bel Air and portions of Stewartstown and
Shrewsbury lie outside of and adjacent to the Deer Creek Watershed. As future population
growth is anticipated to nucleate around existing communities and roads, these areas are also of
concern. Other demands for water use outside of the Deer Creek Watershed are not specifically
addressed in this report, however.

A natural water budget for the Deer Creek Watershed was presented previously in this
report. In this section, we present additional evaluations of water availability, taking into
account existing and future (projected) water uses and losses. Two primary tools are used to
evaluate possible conflicts related to future availability: (1) tables of water supply and demand
are used to estimate the timing and locations of potential conflicts; and (2) a numerical model
that simulates groundwater and surface water interactions is used to evaluate the timing of
impacts on the watershed for hypothetical new appropriations.

A. Establishing Available Water Resources

To assess the availability of water resources in the Deer Creek Watershed for future
allocation, water balance analyses for both average and drought years were developed. The
analyses followed water allocation techniques of the SRBC and MDE Water Supply Program.
These calculations are conservative and designed to assist regulators in assessing water
availability rather than reflect the “natural” water budget. The assumptions used in the analyses
include:

e Water use values are based upon the quantities of water permitted for each user rather
than the amounts actually withdrawn. Most permit holders do not typically use their
full allocation on a routine basis.

e The water use values represent the quantities of water withdrawn, not the quantity of
water consumptively used (see Section I). Much of the water withdrawn is eventually
returned through wastewater discharges or via on-lot septic systems. However, there
is not good information available for the quantity returned, particularly for
un-permitted uses, and there is little information on the quantity of Deer Creek water
that is returned to watersheds outside Deer Creek, although a portion of it certainly is.

e The total available water supply is derived solely from base flow rather than total
flow. Even during prolonged droughts, sporadic rainfall will temporarily boost
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streamflows. That additional water is not significant and is not taken into account in
this analysis.

e Because the base flow values used here are derived from the stream field
measurements completed in 2006 and the historical gaged streamflow data, they are
impacted by the consumptive use of water occurring in the watershed. As a result,
these derived base flow values are slightly less than the natural base flow values. The
quantity of consumptive use is a small percentage of the total available water
(Table 13), so use of the derived base flow values should be an acceptable and
conservative proxy for total natural base flow.

For the purposes of the water balance analyses, the maximum amount of water available
for future use in the watershed is calculated to be the portion of base flow remaining after
existing allocations and uses are taken into account. The most obvious of these are permitted
users (such as industries and municipal water suppliers) and other generally un-permitted uses
such as small agricultural operations and domestic wells. Estimated totals for these uses were
developed previously in this report and are deducted from the base flow quantity for these water
balance analyses.

There is also a less obvious use of the base flow in Deer Creek that must be considered;
commonly referred to as the passby or flowby, it is the amount of water deemed necessary for
preserving riparian and habitat needs. It is the policy of MDE and SRBC in approving water
uses that a withdrawal cannot continue if flow conditions on the stream decline below the
passby. In a sense, this policy is an allocation of water for riparian/aquatic needs; thus the
passby is also deducted from the base flow when performing a water balance.

SRBC Policy No. 2003-01, dated November 8, 2002, offers guidelines on the
determination of passby flows for the protection of aquatic resources and other uses, and the
prevention of water quality degradation and adverse lowering of streamflow levels downstream
from the point of a withdrawal. The passby determination is based on the location, drainage,
state-designated stream classification, published species and habitat condition information, and
state fishery management classification of the stream. In no case is the recommended passby
less than the 7Q10 flow, and conditions usually dictate that a more protective level be imposed.
Such was the case on Deer Creek at the site of the intake near Darlington used to service APG;
local fishery needs suggested that a seasonal passby was appropriate. The passby during March,
April, May, and June was determined to be the flow equal to 30 percent of the calculated average
daily flow (ADF) at the site of the intake (69 cfs) and 20 percent of the ADF (46 cfs) the
remainder of the year. At this particular site, 20 percent of ADF was approximately equal to the
calculated 7Q10 value. It is these passby flows that were used in the water balance analysis.

Using the procedure described in the paragraphs above, Table 14 presents water balances
for the watershed at a point located approximately at Darlington, subdivided by month of use.
The average water balance is based upon the 30-year normal total flow at the USGS gage at
Rocks, Maryland, adjusted to the Darlington gage site using techniques discussed earlier in this
report. The 1-in-10-year drought flow is based upon the three lowest flow years (or tenth
percentile; 1981, 2001, and 2002) for the same period. For the drought year calculation, the
un-permitted water use amount was multiplied by a factor of 1.4 to account for the increase in
water use typically seen during droughts.
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Table 14.

the SRBC Passby Flow at Darlington

Monthly Comparison of Available and Allocated Water in Average and Drought Years, Using

Permitted Un-permitted
Total Base Base Flow Seasonal Use pUse Permitted | Undedicated
Flow Flow at Passby
at Rocks | at Rocks ' | Darlington 2 | Amount ? Upstr.eam of Upstream 0{ Use for Resource
(cfs) (cfs) (cfs) (cfs) Darlington Darlington APG (cfs) (cfs)
(cfs) (cfs)

Average — 30-Year Normal (1974 to 2005)
Jan 161.9 108.5 181.1 -46 -3.64 -3.09 -4.62 123.76
Feb 166.6 111.6 186.4 -46 -3.64 -3.09 -4.62 129.05
Mar 187.1 125.4 209.4 -69 -3.64 -3.09 -4.62 129.04
Apr 173.8 116.4 194.4 -69 -3.64 -3.09 -4.62 114.06
May 159.4 106.8 178.3 -69 -3.64 -3.09 -4.62 97.95
Jun 128.4 86.0 143.7 -69 -3.64 -3.09 -4.62 63.32
Jul 105.0 70.3 117.4 -46 -3.64 -3.09 -4.62 60.09
Aug 78.8 52.8 88.2 -46 -3.64 -3.09 -4.62 30.85
Sep 93.9 62.9 105.1 -46 -3.64 -3.09 -4.62 47.70
Oct 91.7 61.4 102.6 -46 -3.64 -3.09 -4.62 45.21
Nov 106.1 71.1 118.7 -46 -3.64 -3.09 -4.62 61.39
Dec 131.3 88.0 146.9 -46 -3.64 -3.09 -4.62 89.53
1-in-10-Year Drought of 30-Year Normal (1974 to 2005)
Jan 57.9 38.8 64.8 -46 -3.64 -4.33 -4.62 6.21
Feb 89.5 60.0 100.2 -46 -3.64 -4.33 -4.62 41.59
Mar 92.4 61.9 103.4 -69 -3.64 -4.33 -4.62 21.80
Apr 92.1 61.7 103.1 -69 -3.64 -4.33 -4.62 21.46
May 73.9 49.5 82.7 -69 -3.64 -4.33 -4.62 1.15
Jun 62.9 42.1 70.3 -69 -3.64 -4.33 -4.62 -11.25
Jul 41.1 27.5 46.0 -46 -3.64 -4.33 -4.62 -12.63
Aug 35.0 23.5 39.2 -46 -3.64 -4.33 -4.62 -19.41
Sep 32.1 21.5 35.9 -46 -3.64 -4.33 -4.62 -22.71
Oct 45.1 30.2 50.4 -46 -3.64 -4.33 -4.62 -8.15
Nov 56.6 37.9 63.4 -46 -3.64 -4.33 -4.62 4.76
Dec 73.3 49.1 82.0 -46 -3.64 -4.33 -4.62 23.38

! Calculated as 67 percent of total flow.
2 Calculated as 1.67 times the base flow at Rocks.

3 Using the SRBC passby condition for the intake at Darlington serving APG.

* Based upon estimated population of 25,000 not connected to public water.

As can be seen from Table 14 and Figure 24, under existing conditions, the cumulative
demand at Darlington currently exceeds the available flow during the period June through
October in the 1-in-10 drought years. Under average conditions, supply exceeds demand by
approximately 30 cfs during the lowest flow month of August.
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Figure 24.  Monthly Comparison of Available and Allocated Water — Average and Drought Years

To demonstrate the importance of the passby flow in water allocations, the same analysis
was performed using another standard, the Maryland Method. Unlike the 7Q10 calculation,
which uses an analysis of annual data, the Maryland Method uses statistics based on monthly
flow data, which recognizes that each month of the year has its own natural flow pattern that can
differ significantly from other months. As a result, the method is more responsive to instream
needs through the course of the year and is thus theoretically better at protecting aquatic habitat
than the 7Q10. Also, the 7Q10 was never intended as a habitat protection measure, and actually
has its origins in designs for the assimilation of wastewater discharges.

To implement an example of the Maryland Method, the monthly flow data at the Rocks
gage were analyzed to extract the 85 percent exceedence value for each month over the period of
record. The method then entails grouping months into seasons based on similarity of flow
patterns, and deriving another exceedence value for the season. The method yielded a
winter/spring passby of 89 cfs and a summer/fall passby of 57 cfs; both limits are considerably
greater than the 7Q10 value at Darlington and the passby enforced by SRBC and MDE for the
intake serving APG. Correspondingly, the comparison of available and allocated water in
Table 15 shows greater deficits in more months.
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Table 15. Monthly Comparison of Available and Allocated Water in Average and Drought Years,
Using the Maryland Method for Passby Flow
Permitt n-permitt
Total Base Base Flow Seasonal ‘ Use « Y p:Jse « Permitted | Undedicated
Flow Flow at Passby
at Rocks | at Rocks ' | Darlington 2 | Amount 3 Upstr.eam of | Up Stream Of Use for Resource
(cfs) (cfs) (cfs) (cfs) Darlington Darlington APG (cfs) (cfs)
(cfs) (cfs)
Average — 30-Year Normal (1974 to 2005)
Jan 161.9 108.5 181.1 -89 -3.64 -3.09 -4.62 80.76
Feb 166.6 111.6 186.4 -89 -3.64 -3.09 -4.62 86.05
Mar 187.1 125.4 209.4 -89 -3.64 -3.09 -4.62 109.04
Apr 173.8 116.4 194.4 -89 -3.64 -3.09 -4.62 94.06
May 159.4 106.8 178.3 -89 -3.64 -3.09 -4.62 77.95
Jun 128.4 86.0 143.7 -89 -3.64 -3.09 -4.62 43.32
Jul 105.0 70.3 117.4 -57 -3.64 -3.09 -4.62 49.09
Aug 78.8 52.8 88.2 -57 -3.64 -3.09 -4.62 19.85
Sep 93.9 62.9 105.1 -57 -3.64 -3.09 -4.62 36.70
Oct 91.7 61.4 102.6 -57 -3.64 -3.09 -4.62 34.21
Nov 106.1 71.1 118.7 -57 -3.64 -3.09 -4.62 50.39
Dec 131.3 88.0 146.9 -89 -3.64 -3.09 -4.62 46.53
1-in-10-Year Drought of 30-Year Normal (1974 to 2005)
Jan 57.9 38.8 64.8 -89 -3.64 -4.33 -4.62 -36.79
Feb 89.5 60.0 100.2 -89 -3.64 -4.33 -4.62 -1.41
Mar 92.4 61.9 103.4 -89 -3.64 -4.33 -4.62 1.80
Apr 92.1 61.7 103.1 -89 -3.64 -4.33 -4.62 1.46
May 73.9 49.5 82.7 -89 -3.64 -4.33 -4.62 -18.85
Jun 62.9 42.1 70.3 -89 -3.64 -4.33 -4.62 -31.25
Jul 41.1 27.5 46.0 -57 -3.64 -4.33 -4.62 -23.63
Aug 35.0 23.5 39.2 -57 -3.64 -4.33 -4.62 -30.41
Sep 32.1 21.5 35.9 -57 -3.64 -4.33 -4.62 -33.71
Oct 45.1 30.2 50.4 -57 -3.64 -4.33 -4.62 -19.15
Nov 56.6 37.9 63.4 -57 -3.64 -4.33 -4.62 -6.24
Dec 73.3 49.1 82.0 -89 -3.64 -4.33 -4.62 -19.62

! Calculated as 67 percent of total flow.
2 Calculated as 1.67 times the base flow at Rocks.

3 Using the Maryland Method.
* Based upon estimated population of 25,000 not connected to public water.

Another way to assess water availability is to perform an analysis of the frequency of
occurrence of the passby flow designated for a stream reach. To illustrate this technique, the
flow record developed for the Darlington gage was subjected to the seasonal passby imposed on
the intake that serves APG. Tabulation was made of days exhibiting a flow below the
appropriate seasonal passby, and the number of days was totaled for each year. The results are
shown on Figure 25. Although the occurrence of flows less than the passby is not that frequent —
in only 13 of 82 years, or 16 percent — the implication is that the source is unavailable on average
about once every 6 years. The duration of the unavailability is also worth noting; in 4 years, it is
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for a month or more, and in 2 additional years, it is for a period of 2 to 3 weeks. An interruption
of that frequency and/or duration is sufficient to render a water supply unreliable.
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Figure 25.  Occurrences of Passby Flow at Darlington

To better consider the geographic impact of water demands across the watershed, the
availability of water for allocation was also evaluated by subwatersheds. Table 16 lists water
availability for average year conditions, and Table 17 lists water availability for drought year
conditions. Existing permitted user demands were allocated to the subwatershed in which the
permitted source is located. Un-permitted residential use was incorporated using a general
population density of 0.27 persons per acre (173 persons per square mile), applied evenly across
the watershed. This population density is estimated from the watershed population, excluding
those York County residents assumed to be receiving public water supply. Public water systems
in these areas provide a substantial portion of the supply and are already accounted for under the
permitted amounts. Therefore, no additional un-permitted demand was incorporated for the Deer
Creek Headwaters or Ebaugh’s Creek subwatersheds. The total available water for each
subwatershed was estimated as base flow originating as recharge within the subwatershed. This
is, of course, not an entirely accurate assumption, as water available for use within a
subwatershed may originate from upstream in the main stem of Deer Creek. Nonetheless, this
approach provides some insight into the impact of permitting for groundwater use and surface
water use from Deer Creek tributaries.
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Comparison of Tables 16 and 17 indicates that during average and drought years, the
total amount of allocated water on an annual basis is less than the total available resource on an
annual basis. To further investigate the geographic and temporal impact of water demands
across the watershed, the availability of water for allocation was evaluated at three
subwatersheds, subdivided by month of use. The three watersheds selected for analysis were
Ebaugh’s Creek, Deer Creek Headwaters, and Hopkins Branch subwatersheds. Tables 18, 19,
and 20 list water availability for average 30-year normal and 1-in-10-year drought conditions at
the selected subwatersheds. Figures 26, 27, and 28 depict cumulative demand compared to
available flow, on a monthly basis, under average and drought year conditions at the selected
subwatersheds.

As can be seen from Tables 18, 19, and 20 and Figures 26, 27, and 28, under existing
conditions, the cumulative demand at each of the selected subwatersheds currently exceeds the
available flow during August and September in the 1-in-10 drought years. In addition,
cumulative demand also currently exceeds the available flow during July at Ebaugh’s Creek
subwatershed, and during June, July, and October at Hopkins Branch subwatershed, in drought
years. Under average conditions for each of the selected subwatersheds, supply exceeds demand
by an approximate minimum of 46 percent during the lowest flow month of September.
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Table 18.

Monthly Comparison of Available and Allocated Water at Ebaugh’s Creek Subwatershed

— Average and Drought Years

Base Flow Permitted Un-permitted Transferred Undedicated | Percentage
at Ebaugh's Creek Water Residential Use Passby Base Flow | of Base Flow
(cfs) Use (cfs) | (cfs @ 0.27 person/acre) | Allowance (cfs) (cfs) Undedicated
Average — 30-Year Normal (1974 to 2005)
Jan 8.64 -0.65 0.00 -1.86 6.13 71%
Feb 8.89 -0.65 0.00 -1.86 6.39 72%
Mar 9.99 -0.65 0.00 -2.78 6.55 66%
Apr 9.27 -0.65 0.00 -2.78 5.84 63%
May 8.51 -0..65 0.00 -2.78 5.07 60%
Jun 6.85 -0.65 0.00 -2.78 3.42 50%
Jul 5.60 -0.65 0.00 -1.86 3.10 55%
Aug 4.21 -0.65 0.00 -1.86 1.70 40%
Sep 5.01 -0.65 0.00 -1.86 2.51 50%
Oct 4.89 -0.65 0.00 -1.86 2.39 49%
Nov 5.66 -0.65 0.00 -1.86 3.16 56%
Dec 7.01 -0.65 0.00 -1.86 4.50 64%
1-in-10-Year Drought of 30-Year Normal (1974 to 2005)
Jan 3.23 -0.65 0.00 -1.86 0.72 22%
Feb 4.99 -0.65 0.00 -1.86 2.48 50%
Mar 5.15 -0.65 0.00 -2.78 1.72 33%
Apr 5.13 -0.65 0.00 -2.78 1.70 33%
May 4.12 -0..65 0.00 -2.78 0.69 17%
Jun 3.50 -0.65 0.00 -2.78 0.07 2%
Jul 2.29 -0.65 0.00 -1.86 -0.22 -9%
Aug 1.95 -0.65 0.00 -1.86 -0.55 -28%
Sep 1.79 -0.65 0.00 -1.86 -0.72 -40%
Oct 2.51 -0.65 0.00 -1.86 0.01 0%
Nov 3.16 -0.65 0.00 -1.86 0.65 21%
Dec 4.08 -0.65 0.00 -1.86 1.58 39%
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Figure 26.  Monthly Comparison of Available and Allocated Water at Ebaugh’s Creek Subwatershed

— Average and Drought Years
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Table 19.

Monthly Comparison of Available and Allocated Water at Deer Creek Headwaters
Subwatershed — Average and Drought Years

Base Flow Permitted Un'- perrfntted Transferred Undedicated Percentage of
at Deer Creek Residential Use Passby
Water Use Base Flow Base Flow
Headwaters (cfs) (cfs @ 0.27 Allowance (cfs) Undedicated
(cfs) person/acre) (cfs)
Average — 30-Year Normal (1974 to 2005)
Jan 21.68 -0.55 0.00 -4.66 16.47 76%
Feb 22.32 -0.55 0.00 -4.66 17.11 77%
Mar 25.07 -0.55 0.00 -6.99 17.53 70%
Apr 23.28 -0.55 0.00 -6.99 15.74 68%
May 21.35 -0.55 0.00 -6.99 13.81 65%
Jun 17.20 -0.55 0.00 -6.99 9.66 56%
Jul 14.06 -0.55 0.00 -4.66 8.85 63%
Aug 10.56 -0.55 0.00 -4.66 5.35 51%
Sep 12.58 -0.55 0.00 -4.66 7.37 59%
Oct 12.28 -0.55 0.00 -4.66 7.07 58%
Nov 14.22 -0.55 0.00 -4.66 9.01 63%
Dec 17.58 -0.55 0.00 -4.66 12.38 70%
1-in-10-Year Drought of 30-Year Normal (1974 to 2005)
Jan 8.10 -0.55 0.00 -4.66 2.89 36%
Feb 12.52 -0.55 0.00 -4.66 7.31 58%
Mar 12.93 -0.55 0.00 -6.99 5.39 42%
Apr 12.88 -0.55 0.00 -6.99 5.34 41%
May 10.34 -0.55 0.00 -6.99 2.80 27%
Jun 8.79 -0.55 0.00 -6.99 1.25 14%
Jul 5.75 -0.55 0.00 -4.66 0.54 9%
Aug 4.90 -0.55 0.00 -4.66 -0.31 -6%
Sep 4.49 -0.55 0.00 -4.66 -0.72 -16%
Oct 6.31 -0.55 0.00 -4.66 1.10 17%
Nov 7.92 -0.55 0.00 -4.66 2.71 34%
Dec 10.25 -0.55 0.00 -4.66 5.04 49%
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Figure 27.  Monthly Comparison of Available and Allocated Water at Deer Creek Headwaters

Subwatershed — Average and Drought Years
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Table 20.  Monthly Comparison of Available and Allocated Water at Hopkins Branch Subwatershed
— Average and Drought Years
Base Fl(?w Permitted Un.- perlpltted Transferred Undedicated Percentage of
at Hopkins Residential Use Passby
Water Use Base Flow Base Flow
Branch (cfs) (cfs @ 0.27 Allowance (cfs) Undedicated
(cfs) person/acre) (cfs)
Average — 30-Year Normal (1974 to 2005)
Jan 2.16 -0.01 -0.05 -0.61 1.48 69%
Feb 2.22 -0.01 -0.05 -0.61 1.55 70%
Mar 2.49 -0.01 -0.05 -0.61 1.51 61%
Apr 2.31 -0.01 -0.05 -0.61 1.34 58%
May 2.12 -0.01 -0.05 -0.61 1.14 54%
Jun 1.71 -0.01 -0.05 -0.61 0.73 43%
Jul 1.40 -0.01 -0.05 -0.61 0.73 52%
Aug 1.05 -0.01 -0.05 -0.61 0.38 36%
Sep 1.25 -0.01 -0.05 -0.61 0.58 46%
Oct 1.22 -0.01 -0.05 -0.61 0.55 45%
Nov 1.41 -0.01 -0.05 -0.61 0.74 52%
Dec 1.75 -0.01 -0.05 -0.61 1.08 62%
1-in-10-Year Drought of 30-Year Normal (1974 to 2005)
Jan 0.81 -0.01 -0.07 -0.61 0.11 14%
Feb 1.24 -0.01 -0.07 -0.61 0.55 44%
Mar 1.28 -0.01 -0.07 -0.61 0.29 22%
Apr 1.28 -0.01 -0.07 -0.61 0.28 22%
May 1.03 -0.01 -0.07 -0.61 0.03 3%
Jun 0.87 -0.01 -0.07 -0.61 -0.12 -14%
Jul 0.57 -0.01 -0.07 -0.61 -0.12 -21%
Aug 0.49 -0.01 -0.07 -0.61 -0.20 -42%
Sep 0.45 -0.01 -0.07 -0.61 -0.25 -55%
Oct 0.63 -0.01 -0.07 -0.61 -0.06 -10%
Nov 0.79 -0.01 -0.07 -0.61 0.10 12%
Dec 1.02 -0.01 -0.07 -0.61 0.33 32%
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Figure 28.  Monthly Comparison of Available and Allocated Water at Hopkins Branch Subwatershed

— Average and Drought Years
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Table 21 summarizes base flow, water uses, and available water for the entire watershed
for an average year, a drought year, and a month within the drought year that is subject to the
maximum groundwater use (typically August, September, or October). For consistency with the
tables that follow, Table 21 is presented in terms of total gallons of use per year (or month),
rather than cfs, and is expressed in billion-gallons. The available (or unavailable) gallons are
then used to estimate the population that the water can serve. The yearly flow required to meet
Aberdeen’s permit conditions reflects 8 months at 46 cfs and 4 months at 69 cfs.

Table 21.  Average Year, Drought Year, and Maximum Month Allocation of Water Resources

Maximum Month

Average Year 1-in-10 Drought Year
Aug, Sept, or Oct
Available Base Flow
Average Base Flow Infiltration to the 38.44 BGallons 19.05 BGallons 0.72 BGallons
Watershed
Current Use
Permitted Groundwater Withdrawals -0.58 BGallons -0.58 BGallons -0.05 BGallons
Estimated Un-permitted Groundwater | 74 | gGalions | -1.04 | BGallons | -0.09 | BGallons
Withdrawals
Total Groundwater Consumption -1.32 BGallons -1.61 BGallons -0.14 BGallons

Currently Available Base Flow

| 3712 | BGallons | 1744 [ BGallons| 0.58 | BGallons

Required Flow Passby

Aberdeen Permit Conditions | -12.66 | BGallons | -12.66 [ BGallons | -0.90 | BGallons
Residual Groundwater Resources

|  24.46 | BGallons | 4.78 | BGallons | -0.32 [ BGallons

Surplus/Deficit Population Supported

(Represented as Residential Users @

80, 112, and 134 gpd) 837,671 People 116,927 People -69,879 People

B. Ten-and Twenty-Five-Year Population Projections

To assess the future demand for water within the Deer Creek Watershed, population and
water demand estimates were developed. The primary sources of information were Year 2000
U.S. Census Bureau data, and population data and projections provided by Harford, Baltimore,
and York Counties. All three counties provided tabulated and graphic population projections
organized by Transportation Zone (TZ). Using GIS methods, the subwatershed delineation was
overlain onto the TZ data. Where TZ data overlapped multiple subwatersheds or the periphery
of the Deer Creek Watershed, the TZ was subdivided on the basis of area falling within each
subwatershed.

The most densely populated portion of the Deer Creek Watershed is in York County,
Pennsylvania. The York County Planning Commission provided current and projected
population estimates for the Boroughs of Shrewsbury and Stewartstown and the Townships of
Hopewell and Shrewsbury. This dataset was presented based on the County’s methodology,
which integrates a population trend analysis, 1930-forward, using standard projection techniques.
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For comparison purposes, the GIS-compatible 2000 TZ data for York County were
obtained and adjusted based on the watershed boundary to account for TZ populations within the
watershed. A comparison with the tabular municipality data provided by the county showed that
the GIS methodology produced population estimates for York County that were approximately
50 percent lower than data produced using standard projection techniques. The cause for the
discrepancy is the assumption that the populations in the TZs are evenly distributed throughout,
instead of clustered in and near the Boroughs of Shrewsbury and Stewartstown. Further,
clipping the data to the limits of the watershed immediately discounted those people who utilize
municipal water from the watershed but reside outside of the watershed boundary. To be
conservative, the higher population projections from the County’s method were incorporated
instead of using the results generated from the GIS data method.

Harford County, in conjunction with MDE, has recently developed population and
demand projections for its portion of the Deer Creek Watershed (Deer Creek Watershed
Characterization, March 2006). The Harford County Planning Department provided the TZ data
that was used for its study. The data was then divided by subwatershed to calculate populations.
The Harford County Planning Department estimated that 24,750 persons resided in the Harford
County portion of the watershed. The method of breaking the TZ data into percentages by
subwatershed calculated a total population for the same Harford County area equaling 24,331.
The difference of 1.7 percent suggests that the subwatershed breakdown is reasonably accurate.

Population projections in 5-year increments for each subwatershed can be seen in
Table 22. The total 25-year projected population increase for the Deer Creek Watershed (2000
to 2025) is approximately 24 percent, as can be seen on Figure 29 and Table 22. Projected
increases for individual subwatersheds range from about 5 percent to 35 percent. Population
growth is generally tied to the existing road network. The lowest projected growth value
corresponds to a subwatershed (Little Deer Creek), with no major roads within the watershed
boundaries. The greatest projected growth is in the Deer Creek Headwaters, near Shrewsbury.

The report entitled Aberdeen Proving Ground BRAC Impacts on Seven Jurisdictions,
prepared by the Sage Policy Group, Inc. (Sage Policy Group, 2007), was also consulted during
the development of population projections. The APG-BRAC document presents estimated
phasing of BRAC-related population impacts, including baseline conditions and three BRAC
projection scenarios, for seven area jurisdictions. Appendix Bl provides a discussion of how the
information presented in the APG BRAC plan was incorporated into the population projections
and includes supporting tables and figures. Interpretation of the report suggests that BRAC will
increase population growth through the study period by an additional 4 percent.
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C. Water Demand Projections

The final step in completing of the groundwater balance was to forecast the projected
demand for new permits and increased use in each subwatershed. Projections for three main uses
were developed for future average and drought conditions:

e Commercial/Industrial Permit Demand
e Municipal Permit Demand
e Subdivision/Residential (un-permitted) Demand

Commercial/Industrial demand was estimated using zoning information provided by the
counties and counting the number of commercially zoned areas within each subwatershed. The
10-year normal projections are based on an assumed development scenario requiring 50,000 gpd
per commercially zoned area. The assumption is based on one retail space (e.g., 5,000 gpd for a
retail convenience store), one small commercial/institutional facility (e.g., 10,000 gpd for a
school, care facility, or small commercial agribusiness,) and one larger industrial facility
(e.g., 35,000 gpd for food processing or industrial/building materials preparation plant). The
25-year scenario assumption is based on additional build-out of the zoned areas, resulting in the
demand doubling to 100,000 gpd use. Any acreage zoned commercial/industrial, but also
identified as under permanent agricultural easement in Harford County, was excluded from this
estimate based on the assumption that the land will remain devoted to agriculture.

Municipal demand was based on government agency reports, and is confined to
subwatersheds where the Pennsylvania municipalities of Forest Lakes, Shrewsbury, and
Stewartstown have developed well fields. Subdivision/Residential demand was estimated using
10- and 25-year population projections based on the population projections described in a
previous section. A demand of 80 gpd per person, based on historical records maintained for
average households by MDE, was used for the normal year projections. A drought demand of
112 gpd (1.4 times normal) was assumed for drought conditions to account for the increase in
water use typically seen during times of drought. The same factor was also applied to drought
demands for the other two categories.

Agricultural water demand increase is not projected. Acreage of land dedicated to
agricultural operations is not likely to increase, but there is potential for existing agricultural land
to become more water-use intensive over the next 20 years. There is no reliable methodology for
predicting such increases. However, it is important to note that the assumptions made in this
study are conservatively skewed regarding agricultural water use. Permitted operations are
included in current use totals, and all uses are incorporated by default due to their impacts on
actual flows in the Deer Creek Watershed, which are the basis for the water balances performed.
The flow measurements reflect the actual consumptive use of operations, which is often lower
than the full permitted quantity. By also including the permitted use, the estimates do a better
job of capturing potential increases, as well as current use. Nevertheless, approximate potential
agricultural water use estimates were made for conversion to more water-intensive uses; the
results are shown in Appendix B2.

The 2010 and 2025 water resource values were also adjusted for changes in impervious
area for the 2010 and 2025 periods. Future impervious conditions were based on the future land
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use layer derived for the Watershed Restoration Action Strategy (KCI, 2007). The method
involved applying a full build-out condition to the land use layers based on their current zoning
classifications. The impervious factors were applied to the future land use layer to derive future
imperviousness following the same methods used to generate existing imperviousness.

The future imperviousness estimate for the entire Deer Creek Watershed is 5.3 percent,
an increase in 1,120 acres. The results for each subwatershed are listed in Tables 23, 24, 25,
and 26 as the change in percent future impervious area. The majority of the subwatersheds are
estimated to remain under 5 percent impervious. The two subwatersheds that increased to more
than 5 percent are Big Branch and Falling Branch. These subwatersheds also experienced the
highest percent acreage increases as a result of existing agricultural areas that are zoned in York
County for residential use. The largest increases in impervious acres are estimated to be in the
Deer Creek Headwaters subwatershed, with the potential for 354.72 additional acres of
impervious surface and a future imperviousness of 16.70 percent. Although local and state
stormwater management policies require that post-development recharge rates mimic
predevelopment conditions, there are exemptions and inefficiencies in management practices;
thus the conservative approach is to assume that development will result in impacts to
groundwater recharge. As with agricultural water demand, the effect of permanent easements in
Harford County was employed for estimates of impervious cover by excluding those acres zoned
for development but conserved under easements.

Tables 23, 24, 25, and 26 are groundwater balances for average year conditions and
drought year conditions for the years 2010 and 2025. These results are illustrated graphically on
Figure 30. As expected, the number of subwatersheds with an allocation deficit is greater for
drought years than for average years. The number also increases from 2010 to 2025, reflecting
increases in demand. Under average conditions, the allocated water resources do not indicate
any deficits during 2010 and a deficit only for the Hopkins Branch subwatershed in 2025.

More significantly, under 2010 and 2025 drought conditions, several of the
subwatersheds show an allocation deficit. The allocation deficits are concentrated in the lower
portion of the watershed and in the headwaters. This primarily reflects: (1) growth in an area
having aquifers with relatively low recharge rates; and (2) growth in an area having minimal
upgradient contributing recharge area. Under drought conditions in 2010, it is expected that five
subwatersheds will show allocation deficits of as much as 150 million gallons over the year
(0.63 cfs), which equates to the quantity of water used by more than 3,600 people. Although
presented as an annual analysis, the deficits are likely to manifest during the summer months, as
they did over the watershed as a whole (Table 14, Figure 24) and for the three subwatersheds
selected for additional analyses (Tables 18, 19, and 20; Figures 26, 27, and 28). Under drought
conditions in 2025, eight subwatersheds show deficits in the range of 18 to 314 million gallons
over the year (0.08 cfs to 1.33 cfs).

The BRAC-related population projections included in the APG-BRAC document (Sage
Policy Group, 2007) mentioned previously also were incorporated into the water demand
projection analyses. Appendix B1 provides a discussion of how the information presented in the
APG BRAC plan was incorporated into the water demand projections and includes supporting
tables and figures.
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Figure 30. Twenty-Five-Year Projected Water Allocation Surplus/Deficit by Subwatershed

To assess the effect of future water demand in terms of the availability of water from
Deer Creek during a drought, the number of days below the passby flow threshold at Darlington
was examined using the 2002 as a reference point. In that drought, the flow at Darlington was
below the passby threshold for a duration of 130 days in the time period March 1 through
October 10. If the projected increase in water demand is assumed to directly reduce the flow in
Deer Creek on a gallon-for-gallon basis, the impacted flow at Darlington during a repeat of the
2002 drought in the year 2025 would result in the creek being below the passby threshold for an
additional 43 days, and extend the time period 1 week sooner and 2 weeks later. A graphical
depiction of the change to streamflow at Darlington is shown on Figures 31 and 32. Of the
projected 14.2 cfs increase in water demand during future droughts, three-quarters are
attributable to commercial and municipal demand, and the remainder is about even attributable to
self-supplied residential use and loss of base flow due to increase in impervious cover.
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Figure 31.  Actual and Reduced 2002 Drought Flow at Darlington Compared to Passby Threshold
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Figure 32.  Close View; Actual and Reduced 2002 Drought Flow at Darlington Compared to Passby
Threshold
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