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APPENDIX B 

Alternative Scenarios for Increased Water Demand 
in the Deer Creek Watershed 

 The water demand projections presented in the main body of this study are based on 
population growth gleaned from county census estimates and from increases in commercial and 
industrial water use derived from an analysis of potential changes in land use to meet zoning.  
While useful for estimating increases in water demand given the current character and 
composition of the watershed, the analyses do not account for the potential increase in water use 
associated with emerging trends that are not immediately evident from census and zoning data.   

The most influential of these trends are:  (1) growth of Aberdeen Proving Ground (APG) 
in conjunction with the federal Base Realignment and Closure (BRAC) effort, and the military 
and civilian population growth it entails; (2) conversion of agricultural land from uses with 
lower-intensity water use to land uses with relatively higher-intensity water use, such as 
nurseries; and (3) development of commercially zoned land to relatively high water use 
purposes, such as golf courses.  The potential increase in water demand in the Deer Creek 
Watershed associated with these three trends are assessed in the next three sections, and assessed 
cumulatively in a fourth section. 
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APPENDIX B1 

Population and Water Demand Projections Associated with BRAC 

The report entitled Aberdeen Proving Ground BRAC Impacts on Seven Jurisdictions 
(Sage Policy Group, 2007) uses estimates of jobs per household and household size to project 
increases in households and population attributable to BRAC changes at APG.  The APG BRAC 
report provides baseline (without BRAC), low-, mid-, and high-case population projections for 
2007, 2012, and 2017 for seven jurisdictions (including York, Harford, and Baltimore Counties), 
as well as a total for all seven.  To incorporate estimated BRAC impacts on population, as 
reported in the APG BRAC document, the differences between the percent population increases 
under the baseline condition and the BRAC mid-case projection scenario were calculated for 
Harford, York, and Baltimore Counties for the 2007, 2012, and 2017 populations.  The BRAC-
related percent increases were then added to the percent increases extracted from the data 
provided by the respective counties for 2010, 2015, 2020, and 2025.  Since the population 
projection years did not match up exactly between the two data sources, the BRAC-related 
percent increases for 2012 were added to the county percent increases for 2010.  The BRAC-
related percent increases for 2017 were added to the county percent increases for 2020.  The 
median values of the BRAC-related percent increases between 2012 and 2017 were added to the 
county percent increases for 2015.  The BRAC-related percent increases for 2017 also were 
added to the county percent increases for 2025, since the APG BRAC document did not contain 
projections beyond 2017.

Using the 2005 county-derived populations as a benchmark, the sum of the appropriate 
BRAC-related and county-projected percent population increases were applied to calculate 
population projections for 2010, 2015, 2020, and 2025 that reflect both county projections and 
APG BRAC report estimates.  To apply the sum of the appropriate BRAC-related and county-
projected percent increases, reported in the APG BRAC document by county, to each 
subwatershed, the subwatersheds were broken out by percent composition of each county and 
assigned percent increases accordingly.   

Population projections associated with BRAC, in 5-year increments for each 
subwatershed, can be seen in Table B-1.  The total 25-year projected population increase for the 
Deer Creek Watershed (2000 to 2025) is approximately 28 percent, as compared to 24 percent 
without including BRAC-related impacts (Table 22).  Projected increases for individual 
subwatersheds range from about 12 percent to 41 percent when BRAC population projections are 
incorporated, as opposed to 5 percent to 35 percent without including BRAC projections.  The 
lowest projected growth value corresponds to the Little Deer Creek subwatershed, as is also the 
case when BRAC population projections are not included in the analysis.  The greatest projected 
growth is in the South Stirrup - North Stirrup subwatershed, near the northwestern extent of Bel 
Air, while the greatest projected growth without consideration of BRAC-related impacts is in the 
Deer Creek headwaters, near Shrewsbury.  As compared to the population projections in 
Table 20 of this report, the population projections that incorporate BRAC impacts presented 
below are larger at the watershed, county, and subwatershed scales.  The most substantial 
population increases are projected to occur in the Harford County portion of the watershed, 
which constitutes more than 80 percent of the total watershed area.  The period of time between 
2005 and 2010 is when the most pronounced increase in population growth is projected to occur 
as a result of BRAC impacts.    
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The 10- and 25-year population growth projections that include BRAC-related impacts 
were incorporated into the analyses presented in Tables B-2 through B-5 as additional, 
residential population demands.  The tables represent groundwater balances for average year 
conditions and drought year conditions for the years 2010 and 2025.  These results are also 
illustrated graphically on Figure B-1.  Many of the trends evident in the water demand projection 
data that does not incorporate BRAC population projections (Tables 23-26) are also evident 
when BRAC-related impacts are included.  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 
(0.64 cubic feet per second [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 test subwatersheds (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 316 million gallons 
over the year (0.08 cfs to 1.34 cfs). 

As compared to the water demand projections (without BRAC impacts) incorporated into 
the analyses presented in Tables 23, 24, 25, and 26, and Figure 30, the water demand analyses 
(with BRAC impacts) reflected in Tables B-2 through B-5 and Figure B-1 are not dramatically 
different.  The values for population supported do, however, decrease for 2010 and 2025 average 
and drought years, as a result of the incorporation of BRAC population projections, but not by 
more than 1,650 people under average conditions and 2,000 people under drought conditions for 
the entire watershed.  On a subwatershed scale, decreases in population served as a result of 
BRAC-related impacts are more pronounced in subwatersheds located within Harford County 
since, according to the APG BRAC document, it is the county in which population projections 
are predicted to increase the most as a result of BRAC.  The number of subwatersheds with an 
allocation deficit, during both average and drought years, is the same for the water demand 
projections with and without BRAC-related impacts, with the exception of the Hollands Branch 
subwatershed, which is projected to experience a deficit of four people served under drought 
conditions in 2010 as a result of BRAC.

With regard to the unavailability of Deer Creek at Darlington during a repeat of the 2002 
drought, the increased water demand projected to accompany BRAC by 2025 would increase the 
duration of the time the flow is below the passby threshold by an additional 3 days to 176 days. 
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Figure B-1.     Twenty-Five-Year Projected Water Allocation Surplus/Deficit by Subwatershed (with 
BRAC Population Projections) 

2010 Average Conditions 2010 Drought Conditions 

2025 Average Conditions 2025 Drought Conditions 
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APPENDIX B2 

Agricultural Land Use Conversion Projections 

 Agricultural activities are the predominant type of land use in the Deer Creek Watershed, 
occupying roughly 60 percent of the total land area.  However, several areas of the watershed are 
undergoing (or expected to undergo) rapid growth and development, most of which will consume 
land currently used for agricultural purposes.  The analysis performed for this study incorporated 
estimates for the change in water use associated with the conversion of land to commercial and 
residential use.  Excluded from the analysis were areas in the watershed designated as under 
permanent agricultural easement.  Each of the jurisdictions in the watershed has agricultural 
preservation programs, and the program in Harford County has been particularly successful, with 
more than 40,500 acres under permanent easement.  While such areas were excluded from the 
analysis of conversion to commercial or residential uses and the associated increases in water 
use, no consideration was given to conversion from one agricultural use to another.  Conversions 
of this nature can be important because new uses can be much more water-intensive than current 
uses.  For example, the conversion of pasture land to a vineyard is likely to require processing 
water and may demonstrate increased use of groundwater by the deep roots of grapevines, as 
compared to field grasses.  Another example is the conversion of livestock lands to horticultural 
uses such as nurseries. 

 Consultation with stakeholders in the watershed revealed that certain trends within the 
agricultural community may be worth investigation.  Specifically, horse-related activities seem 
likely to decline with the diminished importance of horseracing in Maryland, while growth is 
apparent in the nursery industry.  Conversion of a preserved agricultural tract from horse farming 
to nursery activities is likely to result in an increase in water use.  Based on research, SRBC staff 
estimates that typical horse-related operations require 12 gallons per animal per day, while 
nurseries may use up to 27,000 gallons per acre per day. 

 Data are available on the nature of the agricultural land under permanent easement and on 
the nature of horse farms in Harford County, which is the predominant horse-related area in the 
Deer Creek Watershed and the area where conversion from horsing to nursery is most likely to 
occur.

 Agricultural Preservation:  The table below shows the acres of agricultural land that 
under permanent easement, by jurisdiction, in the Deer Creek Watershed.  The map on 
Figure B-2 shows the agricultural land in Harford County and the location of permanent 
easements on that land; the easements are located predominantly in the Deer Creek Watershed.  
About 40 percent of the agricultural land in the watershed is under permanent easement, 
representing about 24 percent of the total land area in the watershed. 
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Figure B-2.     Natural Land Features of Harford County, Maryland (Harford County, 2004)
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 Horse Husbandry:  Data from the 2002 Maryland Equine Census on the horse industry in 
Maryland indicate that Harford County ranks in the top five counties in Maryland in terms of 
number of horses, number of equine facilities, and in acreage devoted to horse-related activities.  
Statewide, approximately 41 percent of horses are associated with the racing industry.  Data were 
not reported for the number of horses associated with racing on a county-by-county basis; 
however, the average value per horse in Harford County is substantially higher than the 
statewide average, which suggests that higher-valued racing breeds likely account for a greater 
portion of the horse population in Harford County than in the state as a whole.  For the purposes 
of this exercise, 50 percent of the horse population in Harford County is assumed to be 
associated with racing, for a total of 3,484 animals.  Using the county average of 2.5 acres per 
horse, 8,710 acres in the county are estimated to be associated with horseracing.  This is 
important information because, as a result of a suspected decline in Maryland’s racing industry, 
some of that acreage may convert from horseracing to other uses, such as nursery operations, and 
water demand would change accordingly.  It is assumed that draft and recreational horse 
husbandry will not be affected by trends in racing, and that the number of such horses will 
remain unchanged. 

 Nursery Operations:  Horticulture is a significant industry in Maryland, and particularly 
so in the central region comprised of Baltimore, Carroll, Frederick, Harford, Howard, 
Montgomery, and Washington Counties.  According to the 2003 Maryland Horticulture Industry 
Economic Profile, nearly 40 percent of the state’s horticulture acreage is located in the central 
region.  The seven counties contained 6,123 acres in horticulture, for an average of 875 acres in 
each county.  Based on the results of the profile, the industry is expected to show growth.  Over 
the course of this study’s time frame, it was assumed that 20 percent growth (an added 175 acres) 
could occur, given that agricultural land is expected to be available as a result of the decrease in 
horse operations. 

 Conclusion:  The potential increase in water use as a result of conversion of agricultural 
land from horse operations to nurseries is the difference between the current estimated water use 
for horses and the projected water need for nursery operations. 

 At 12 gallons per horse, operations related to horse racing use an estimated 
41,808 gallons per day (gpd) in the Deer Creek Watershed.  If it is assumed that the population 
of horses in racing operations diminishes by half, water use would decline by 20,904 gpd, and an 
estimated 4,355 acres would become available for other agricultural purposes.  If it is assumed 
that one-quarter of the acreage stays in horsing as draft or recreational operations, there would be 
no net change in water use, and 5,226 gpd usage will still occur on those acres.  If the projected 
horticulture growth of 175 acres occurs on the converted acreage, a new water demand of 
4,725,000 gallons will be created on that land.  Finally, it is assumed that the remaining 
3,091 acres formerly involved in the horse racing industry would revert to pasture, be developed 
into vineyards, or be put to another agricultural use that does not require more water than what is 
delivered by nature in the form of precipitation.  Thus, the net change in water demand for 
agricultural lands used in horse husbandry is an additional 4,709,322 gpd.  Such an increase, 
equivalent to 7.25 cfs, would increase the duration that Deer Creek is unavailable at Darlington 
by an additional 31 days, to 204 total days, should 2002 drought conditions recur in 2025 with 
the projected change in horse and nursery operations. 
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APPENDIX B3 

Water Demand Projections Associated with Commercial Development 

Estimates for commercial water use and growth were made for the basic analysis of this 
study, as presented in the main body of this report.  The estimates were consistent with generally 
accepted standard rates of water use for commercial development, which are based on the water 
used for purposes such as retail, light industrial facilities, and other small business enterprises or 
institutions.  Water use associated with these commercial facilities was assumed to total up to 
100,000 gpd for the purposes of the water use projections in this study.  However, it is possible 
that more water-intensive uses also may develop in the watershed, golf courses being of 
particular interest. 

 Anecdotal evidence suggests that many residents of Maryland travel to southern 
Pennsylvania for golfing due to lack of golf courses in northern Maryland.  An inventory of 
golfing facilities in Harford County, Maryland, and York County, Pennsylvania, confirms that of 
about a dozen golf courses in Harford County, all but one are located in the southeast part of the 
county near the population centers of Bel Air, Havre de Grace, and Aberdeen.  To compete with 
the several courses in southern York County for the patronage of residents of northern Harford 
County, it is conceivable that one or more additional golf courses will develop in the Deer Creek 
Watershed.  To demonstrate the impact such development could have on the availability of water 
resources along Deer Creek, SRBC staff assessed the water use of two new 18-hole courses. 

 To estimate the potential water use by two new golf courses in the Deer Creek 
Watershed, SRBC staff accessed records of the courses already existing in the Susquehanna 
River Basin.  SRBC regulates more than 200 golf courses, and their water use – particularly for 
newer courses – usually greatly exceeds the 100,000 gpd assumed for typical commercial 
development in this study’s basic analysis.  Most newer courses irrigate not only tees and greens, 
but also fairways, which dramatically increases water use.  Based on monitoring reports from 
such courses, SRBC staff assumed that two new courses in Harford County would use 
300,000 gpd each when irrigating.  Thus, an additional 600,000 gpd, or nearly 1 cfs, would be 
withdrawn from the waters of Deer Creek and consumed.  That amount of additional water use 
by itself is not sufficient to impact Deer Creek, but when combined with current and projected 
water use, has the potential to accelerate and prolong the period of time that Deer Creek is 
unavailable to meet withdrawals.  Using the 2002 drought conditions as a reference, the 
additional water use for golf course irrigation would increase the unavailability at Darlington by 
3 additional days, for a total of 176 days. 
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APPENDIX B4 

Cumulative Impact of Projected Water Demand Increases 

 The main body of this report showed the estimated impact of expected population and 
water use growth in the Deer Creek Watershed, and the previous sections in this appendix 
presented estimates for the impacts of growth in the residential (due to BRAC), agricultural, and 
commercial sectors.  Each sector has the potential to realize significant impacts to the water 
resources of Deer Creek, and although they are based only on assumptions, all the associated 
increase in water demand could reasonably occur.  It is useful to estimate the cumulative impact 
of all these developments should they all happen to occur through the 2025 time frame of this 
study.  The additional water demand would be nearly 23 cfs; Figure B-3 below shows the affect 
on Deer Creek at Darlington, assuming a direct gallon-for-gallon reduction to streamflow during 
a repeat of conditions seen during the 2002 drought.  The duration of days below the passby 
threshold would increase from the 130 days actually experienced in 2002 to 207 days 
considering the increased demand in 2025. 
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Figure B-3.     Cumulative Impact of Potential Increases in Water Demand 


