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foot (ft)    0.3048   meter (m) 
mile (mi)   1.609   kilometer (km)  
Area 
square foot (ft2)   0.0929   square meter (m2)  
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Volume 
gallon (gal)   3.785   liter (l)  
Discharge Rate 
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Production Rate 
gallon per day (gpd)  3.785 × 10−3  cubic meter per day (m3/d) 
Transmissivity  
gallon per day per foot (gal/d-ft)  0.0124   square meter per day (m2/d) 
 
Annual average use gallons per day = gallons per day average (gpd avg)  
Use during the month of maximum use =-gallons per day maximum (gpd max) 

 
Use of notation: As close as possible, the original scientific or mathematical notations of any papers 
discussed have been retained, in case a reader wishes to review those studies 
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IMPACTS CAUSED BY GROUNDWATER WITHDRAWALS ON 
STREAMFLOW, FISHERIES COMMUNITIES AND AQUATIC HABITAT 

IN THE WESTERN PIEDMONT AND BLUE RIDGE PROVINCES OF 
MARYLAND 

 
by 

Patrick A. Hammond 

 

KEY RESULTS 

 
Much of the literature concerning the effects of water withdrawals on stream flow, fisheries 

communities and aquatic habitat are studies relating operational aspects of reservoirs and dams to impacts 
on downstream ecological flows.  

Most of the evidence for impacts on aquatic resources due to groundwater withdrawals is based 
on studies of the High Plains aquifer, where demand for irrigation water in Kansas and Nebraska may 
vary from as low as twice the average annual recharge to as much as more than 100 times the recharge., 
and the withdrawal rate from the High Plains aquifer in Colorado and New Mexico during 1980 was 
nearly eight times the natural recharge to the aquifer. The Maryland water balance policy effectively 
limits withdrawals to about ½ of the available annual average effective recharge in a watershed and only a 
few headwater streams in the State have approached that level. The lower Flint River basin of southwest 
Georgia has also been extensively studied. One investigation indicated that withdrawals within the 1290 
mi2 basin were 197 Mgd avg during a drought year, with a long-term average of 94 Mgd avg. By 
comparison, the primary watershed in the present study (Monocacy River in Maryland) has a drainage 
area of about 960 mi2, with water use permits of less than a total of 20 Mgd avg. This information 
suggests that the High Plains and Floridan aquifer analogies are not applicable to groundwater 
withdrawals in the fractured rock areas of Maryland. 

Statistical studies in the Georgia Piedmont and glaciated Connecticut terrane are more analogous 
to the Maryland fractured rock areas. For withdrawals by simple intakes (no reservoir) or from 
groundwater in the Georgia Piedmont, there was no significant difference between fisheries communities 
and aquatic habitat relative to the reference streams. In terms of drought recovery, there was a rapid 
recolonization of new taxa following the onset of surface flow, stabilizing about 165 days after rewetting. 
The authors of the Connecticut study indicated that those streams had species-poor habitats due to highly 
altered landscapes, not water withdrawals. 

The present study was initiated due to the relatively few detailed site-specific investigations in the 
literature. The sites chosen for case studies were based on combinations of conditions observed during the 
major drought of 1998-2002, extensive amounts of aquifer testing, water level monitoring, interference 
impacts to domestic wells, or biological assessments completed in the watersheds of interest.  

During the drought of 2002, Hollow Creek at US Route 40 was “bone dry”. Immediately upstream, 
Middletown’s primarily water supply is groundwater taken from a well field. The amount withdrawn from 
the municipal wells was approximately equal to the calculated base flow in the stream. A MBSS survey 
conducted in 2010 indicated that the stream was unimpaired under the then dry, but non-drought conditions. 
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Only 10 gpm was flowing below the Myersville reservoir under dry conditions during August 1997. 

After installation of a low-flow maintenance device, the MBSS data collected under average conditions 
during 2012 in Little Catoctin Creek immediately downstream of the reservoir indicated that stream was 
not impaired. Although the Myersville WTP well had caused nearby domestic wells to go dry, it is unlikely 
that the town’s groundwater withdrawals have impacted the watershed, since the average use of 0.2 cfs is 
small relative to the size of the drainage area (7.3 mi2) and estimated average baseflow (6.1 cfs) in the basin. 
Although an investigation of the effects of withdrawals of Westminster’s well 8 (Votech well) indicated 
that there were no impacts to the domestic wells in the Maplecrest Subdivision, the MBSS data sampling 
immediately downstream of the municipal well was reviewed for potential impacts. The FIBI/BIBI scores 
from those samples indicated that the condition of the fish community and aquatic habitat were fair to good; 
however, the survey was completed during the very wet year of 2003. 

At the end of the 2002 drought about 20 gpm was flowing in Linganore Creek, just upstream of the 
confluence of Linganore Creek and Dollyhyde Creek. Just below the confluence the flow was 160 gpm, the 
increase in flow due to discharge from Dollyhyde Creek. By comparison, the flow out of the much smaller 
upstream Woodville Branch tributary was about 50 gpm. At that time, Mount Airy was pumping about 290 
gpm out of the basin, indicating that the spring-fed Woodville Branch tributary was a major source of water 
to Linganore Creek during low flow periods.  

The BIBI results in Linganore Creek indicate that 16 of the 27 sites were impaired. The most 
common feature within those watersheds was agricultural activity. The FIBI scores indicate that only 4 sites 
were impaired, all with D.A. < 0.5 mi2. Also, sampling at 19 of 28 sites occurred during the very wet years 
of 1996 and 2003, only 2 sites were sampled during a dry year (2010), and none were sampled during a 
drought. This would indicate that flow was a primary factor in the overall fair to good FIBI scores and it 
appears to have had limited effect on the BIBI scores. 

Sites X and Y, immediately downstream of the Mount Airy well field, were effectively unimpaired. 
The most downstream site (W) in the Woodville Branch basin did have an impaired BIBI of 1, but the flows 
(2.15 cfsm), FIBI (4.67) and PHI (95.9) indicate optimum physical conditions existed on the sample date. 
It is likely that the BIBI impairment at that site was due to elevated nitrate-nitrogen (NO3-N) levels from 
nearby farming activity.  
 Horsepen Branch flows south of Poolesville. Erosion is present on large parts of the 
channel due to downcutting and a lack of an adequate buffer to provide bank stabilization. Much 
of the watershed tends to dry up almost completely in the summer, likely due to the drought-
sensitive underlying consolidated sedimentary rock geology. Except for site A, in the upper 
portion of the basin, the effects of water withdrawals and urban development were likely not 
significant. It is possible that backwater from Potomac River flooding and the resulting erosion 
and sedimentation caused the degraded habitat in the lower portion of the watershed. 

The Broad Run watershed begins west of the Town of Poolesville. Land use has historically 
been agricultural, and a forested stream buffer provides protection along many stretches of the 
creek. All biological stream samples indicate that the Broad Run aquatic habitat is largely 
unimpaired, and none made the case that runoff from urban areas or withdrawals for the Poolesville 
public water supply wells have impacted the watershed. 

1997 and 2001 MBSS sampling of Dry Seneca Creek, on the east side of Poolesville, 
indicated that the stream was unimpaired both above and below the Poolesville WWTP, except at 
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the most downstream site G, which was likely impaired by runoff from nearby cropland. 
Conversely, after sampling in 2000, MODEP indicated that the stream was impaired by runoff 
from urban areas and discharge from the WWTP. All the MSW sites sampled before 2010 
upstream and downstream of the WWTP were unimpaired, except for the seventh most 
downstream one, site Q. Of the two MBSS samples taken in 2015, the first site (E) downstream of 
the WWTP was unimpaired, while the most downstream site (D) was slightly impaired (BIBI-2.5). 
After installation of an ENR treatment system in 2010, the Total Nitrogen (TN), Phosphorus (TP), 
NO2, and NO3 concentrations declined by amounts equal to or greater than 50%., indicating that 
the ENR system significantly improved the quality of the aquatic habitat downstream of the 
WWTP. 

2001 MBSS sampling at site A in the Russell Branch tributary to Dry Seneca Creek 
indicated that the stream was impaired; however, the drainage area at that station was only 75 
acres. Such small drainage areas may have low indices but not be impaired. Another factor to 
consider is that land use in the watershed is 47% urban, suggesting that runoff from impermeable 
surfaces may have degraded the aquatic habitat of the stream. There also was no flow in the stream, 
which was likely due to either the small drainage area or groundwater withdrawals from nearby 
town public supply wells. 

MBSS surveys conducted in the Piney Creek watershed near Taneytown indicated that all 
sites were impaired, based on the single sample BIBI limit of 2.65. All are located outside of the 
capture zone of Taneytown wells 13 and 14, except for site E, indicating that groundwater 
withdrawals from the well were not the cause of the degraded aquatic habitat. The most likely 
cause of the impacts was farming activity, as all sites had high nitrogen levels (>3.0 mg/L), except 
for sites C and D. Based on the single sample FIBI limit of 2.50, none of the sites were impaired, 
except for site F. One possible explanation is that most of the samples were taken in 1996 during 
high flow periods. The one exception was the sample taken on 8/24/2004 at the site F, which had 
a low flow (0.01 cfs) and small drainage area (296 ac), and the best information indicates that there 
were no water withdrawals within the vicinity of that site. A perched water table may also have 
reduced the impacts of withdrawals on streamflow from the Taneytown supply wells. 

Except for Hollow Creek and upper Linganore Creek during the drought of 2002, groundwater 
withdrawals by the public water supplies in the present study do not appear to have caused significant 
impacts to fish communities or aquatic habitat. In those two exceptional cases, biological sampling after 
the drought indicated both streams had recovered to the point that they were no longer impaired. The major 
factor affecting BIBI scores were land use practices, especially those associated with agricultural activity. 
Fish communities appear to be impacted mostly by low flows, especially in watersheds with small drainage 
areas. This was notable in Piney Creek, where the BIBI scores were low, but the FIBI scores were high, 
when most of the samples were taken during the high flow year of 1996. If refugia is available, fish 
populations appear to recover rapidly after droughts. The high surface runoff in watersheds underlain by 
the low permeability soils of the New Oxford Formation may produce naturally low BIBI scores that may 
be mistaken for the effects of urban runoff. 
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Introduction 

 
The State of Maryland is in the Mid-Atlantic region of the eastern United States and has a wide range of 
geology and aquifer types. The aquifers vary from high yielding (wells commonly producing more than 
500 gpm) in confined and unconfined, unconsolidated sandstone layers on the eastern shore and southern 
Maryland to relatively, low yielding aquifers (wells generally producing less than 100 gpm) in the 
fractured rock areas of the Piedmont, Blue Ridge, Valley and Ridge, and Appalachian Plateau provinces 
of central and western Maryland. The state includes much of the major Washington-Baltimore 
metropolitan complex, where about 5 million people live. Most of the metropolitan area is served by 
surface water from the Potomac River and the Baltimore City reservoir system. Some of the fastest 
growing suburban areas, however, are in the Piedmont and Blue Ridge areas, and are supplied by wells in 
fractured rock aquifers. 
 The slopes and dimensional characteristics of streams in the Piedmont and Blue Ridge areas are 
governed primarily by the underlying bedrock formations. Piedmont and Blue Ridge streams have 
characteristics and patterns that reflect their landscape and watershed settings. The basic differences in the 
streams are the result of the long-term geologic processes that created the underlying rocks and shaped the 
land surface. The topography of the stream valleys was created by varied geologic materials undergoing 
chemical reactions, weathering, uplifting, erosion, and deposition over thousands of years. The 
surrounding geology has a significant effect on how a stream looks and behaves. Regional geological 
characteristics govern the relief, size, and shape of the watersheds and determine the way that water is 
conveyed across the landscape and into stream channel networks. The geologic environment also 
influences the types of materials that are found along the banks and bottom of streams. These materials, in 
turn, affect channel appearance, the erosion rates, and the types of aquatic habitat communities found 
streams in different areas of the state. 
 The individual study sites are in the Middletown Valley of the Blue Ridge (BR) Province 
(Myersville and Middletown), the Mesozoic Lowland (ML) Province (Poolesville and Taneytown) and 
the western Piedmont Crystalline (PCR) Province (Votech/Maplecrest and Mount Airy). The watersheds 
of the Middletown Valley and the western Piedmont are underlain by crystalline rock formations. These 
include schist, quartzite, and gneiss metamorphic rocks, as well as granitic igneous rocks that are 
composed of crystals or crystal fragments and are not easily eroded. The Frederick and Wakefield Valleys 
are also in the western Piedmont and consist primarily of limestone and dolomite sedimentary rocks 
formed from carbonate materials that are highly susceptible to erosion; however, none of the study sites 
are in those areas. The broad Middletown Valley is floored by gneiss and volcanic rock lies in the trough 
between the Catoctin and South Mountains. Stream channels are characterized by steep slopes on the tow 
ridges, and moderate slopes in the interspersed valley areas. Sediments found within the valley streams 
are derived from gneiss and volcanic rocks, which create variety of gravel, cobble, and boulder-size 
materials. This western Piedmont Province is characterized by rolling terrain and low ridges. Streams 
generally flow within valleys that have cut into the landscape through many years of erosion. Most 
Piedmont streams have moderate slopes controlled by bedrock outcrops at the surface; however, steeply 
sloped areas and even small waterfalls exist. The Mesozoic Lowland (ML) HGMR is present in central 
and northeastern Frederick County, northwestern Carroll County, and western Montgomery County. The 
HGMR is characterized by its underlying geology of Triassic consolidated sedimentary rocks of the New 
Oxford Formation and Gettysburg Shale, with Jurassic intrusions. 
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 There are certain watershed factors that influence runoff contributions to stream flow. The 
amount of rainfall that is absorbed into the ground is determined by the permeability of the soil and 
underlying geology. Clay soils have lower permeability than sandy soils; consequently, clay soils will 
promote greater amounts of surface runoff than sandy soils. On the two rock types at the study sites, the 
Triassic consolidated sedimentary rock formations have clay-rich soils, whereas the Piedmont crystalline 
rocks have more permeable silty and sandy soils. The shape of a watershed can influence the rate of 
discharge at the drainage network outlet because the distances from the watershed boundary to the outlet 
vary with shape, thereby governing the timing of flow concentration. Steeply sloped watersheds will 
convey water to streams more rapidly than watersheds with gentle slopes. Forested watersheds often have 
very little surface runoff from small to moderate precipitation events. Vegetation reduces runoff by 
intercepting rainfall, increasing roughness, and enhancing soil permeability. In urban areas, impervious 
land cover increases the amount of surface runoff, the velocity of overland flow, and time of runoff 
concentration during storm events. 
 The health of a stream’s aquatic community depends, in part, on the physical features within a 
reach. The primary biological communities in a stream ecosystem are bacteria, algae/diatoms, 
macroinvertebrates, and fish. Bacteria are decomposers that break down the organic materials derived 
from plants and animals into nutrients that fuel the algal and diatom community. If a stream does not 
retain organic material and make it available to bacteria, the aquatic community will be very poor. To trap 
organic debris, a stream must have appropriate physical features that establish the hydraulic conditions 
necessary to retain materials imported into the channel. Algae and diatom communities tend to use the 
hard substrates found in streams. Cobble and gravel in riffles, bedrock in runs and pools, woody debris, 
and even stable sands are all suitable substrates for colonization. Algal and diatom community richness is 
vital to other components of the food web, such as the benthic macroinvertebrates. A large portion of the 
aquatic life in streams is composed of benthic macroinvertebrates, including clams, crayfish, worms, and 
aquatic insects. The more diverse the features of a stream, the more diverse the macroinvertebrate 
community. The physical habitat characteristics of a stream also influence the fish community. Like 
macroinvertebrates, fish species have adapted to specific habitats by using different feeding methods and 
other morphological characteristics. Refugia are features and factors that provide organisms or entire 
aquatic communities with mechanisms to withstand environmental stresses, such as drought. The types of 
refugia available for aquatic life in an area can change with the physiographic region because of the 
changes in the physical environment, including bottom substrate materials, floodplain width, and 
watershed slope. 
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Location of Study Area 
The study area is in the western Piedmont and Blue Ridge provinces of the fractured rock areas of 
Maryland, Figure 1. The investigation was conducted to determine if certain municipal groundwater 
withdrawals may have impacted streamflow, fisheries communities, and aquatic habitat, especially during 
the drought of 1998-2002. The individual sites chosen were the Little Catoctin Creek watershed, near 
Myersville and Hollow Creek, near Middletown, Linganore Creek/Woodville Branch, near Mount Airy, 
in Frederick County, Dry Seneca Creek, Horsepen Branch and Broad Run, near Poolesville, in 
Montgomery County, and Piney Creek, near Taneytown, and Middle Run, near Westminster, in Carroll 
County. 
 

 
Figure 1. Location map of study area.  
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The History of Water Appropriation or Use Regulations in Maryland 
 

The Water Appropriations Act of 1933 created regulatory authority over the appropriation of surface and 
ground waters for any use (with significant exemptions, especially for subdivisions, and municipal and 
agricultural users). The Well Drillers Law was passed in 1945 and addressed the issue of licensing well 
drillers. It also required permits before and completion reports after drilling of any water well, providing a 
wealth of data on the ground waters of the state. The permitting system for well drillers and water 
appropriations was one of the earliest such programs in the nation. The 1933 law was largely ignored until 
about 1957, when the “Regulated Riparian” system for surface water was adopted. At that time, the 
“American Rule” or Reasonable Use Doctrine governed groundwater use, which states that a landowner 
has the right only to a reasonable and beneficial use of the waters upon his land. The reasonable use 
theory does not prevent the proper, non-wasteful consumption of such waters for the development of land 
for mining or other uses, allowing the underground waters of neighboring properties to be interfered with 
or diverted. In 1988, the water use regulations were modified based on elements of the Restatement 
(second) of Torts, Section 858, which requires replacement of impacted water supplies, with some 
restrictions. They also require consideration of the aggregate and cumulative changes of new and future 
appropriations, and their contributions to future degradation of the state’s waters, which are provisions 
used to protect the hydrologic balance of the state’s water resources, along with protection of fisheries 
communities and aquatic habitat. 
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Background Discussion 
 

Much of the literature concerning the effects of water withdrawals on stream flow, fisheries communities 
and aquatic habitat seems to be based on a relatively few, site-specific studies relating operational aspects 
of reservoirs and dams to impacts on downstream ecological flows. These investigations were primarily 
concentrated on the impacts caused by large reservoirs, which generally have the capacity to capture 
multi-year flows and substantially alter the flow regime, Collier et al. (1996), Magilligan and Nislow 
(2005) and Graf (2006). This is especially the case for hydro-electric dams, which tend to decrease the 
magnitude and frequency of high flows and produce more constant low flows. An exception is that flow 
may cease for extended periods when not generating power unless there is some method for maintaining a 
discharge other than by operating main turbines. Another problem is that a large dam tends to release 
oxygen-deficient, cold water downstream, unless there is some artificial method for increasing the O2 

content (DO) of the tailwaters below the dam. 
 There are only a few known investigations that have been conducted to show the effects on 
fisheries and aquatic habitat caused by withdrawals from small reservoirs, simple surface intakes, and 
groundwater sources. Simple intakes and groundwater withdrawals may cause similar potential impacts, 
since both only affect low flows (i.e., neither can capture high surface runoff). 
 Vogel et al. (2007) studied the relationship between reservoir storage, yield, and in-stream flow. 
They indicated that the impact of reservoirs on downstream flows depends on the ratios of storage 
capacity and annual yield to the mean annual inflow into a reservoir. By using various reservoir release 
rules, including drought management, they offered several potential trade-off scenarios for balancing 
adequate in-stream flows with water supply needs. For smaller reservoirs (S/μ or storage capacity/mean 
annual flow < 0.4) using a minimum release policy with or without augmentation, combined with drought 
augmentation, would best aid in decisions concerning reservoir operations. 
 Freeman and Marcinek (2006) studied the effects of 14 surface water withdrawals (simple 
intakes) and 14 reservoirs in the Georgia Piedmont. They plotted the number of fluvial specialist and 
habitat generalist fish species against a withdrawal index (WI = permitted maximum monthly use/7Q10), 
drainage area, and the presence of a reservoir. They found that fluvial specialists increased with drainage 
area and decreased downstream of a reservoir or with increase of the withdrawal index, while the number 
of generalists remained unchanged in all cases. For the simple intakes, and by analogy groundwater 
withdrawals, there was no significant difference between fluvial specialists and generalists relative to the 
reference streams. They noted that the water supply reservoirs in their study primarily released surface 
water. This led to higher temperatures downstream of the reservoirs than the simple intakes, which were 
expected to be detrimental to the fluvial specialists. 
 Lessard and Hayes (2003) studied the effects of 10 small, surface water release dams on 
Michigan streams during the summers of 1998 and 1999. They found that changes in the mean 
downstream temperature varied from a cooling of 1º C to more than an increase of 5º C (mean +2.7º). 
Increased temperatures downstream produced lower densities of certain cold water fish species while the 
overall species richness increased. They found that the presence of a dam alone did not negatively impact 
fluvial dependent species. They suggested that it was possible that colder, downstream tributaries 
provided thermal refugia under suboptimal conditions. 
 Churchel and Batzer (2006) studied six headwater streams in the Georgia Piedmont, five of which 
went dry (and one which retained some surface water) during the extreme drought of 1998-2002. In terms 
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of drought recovery, there was a rapid recolonization period following the onset of surface flow and the 
number of new taxa colonizing the streams stabilized about 165 days after rewetting. 
 Meador and Carlisle (2011) used a national empirical predictive model to access streamflow 
variability at 97 sites in 28 major river basins within the eastern United States. They found that 49 of the 
97 sites had reduced streamflow variability, with a 36% mean loss of native species, which was much 
more than the mean 5% loss at unaltered sites, and a median loss of 70% for fluvial specialist species. The 
anthropogenic factors having the most influence on streamflow variability were reservoir storage and 
wastewater discharge volumes. They also found that water withdrawals produced no significant 
difference between sites with reduced or unaltered streamflow variability. 
 The purpose of the Kanno and Vokoun (2010) study was to evaluate the ecological effects of 
water withdrawals and impoundments at 33 sites on 2nd to 4th order streams in Connecticut during the 
summers of 2007 and 2008. They studied water withdrawals associated with dams and reservoirs (16 
impoundments), those taken from groundwater wells (11 intakes) near streams without impoundments, 
and 6 reference sites. They used the same withdrawal index (WI) as Freeman and Marcinek (2006). The 
WI values for the groundwater intakes were less than 10, which was similar for those for the simple 
surface water intakes in the Georgia study. No obvious trend could be detected in the Connecticut data to 
indicate that the groundwater withdrawals had caused significant ecological impacts. The mean species 
richness was 7.0, 9.7 and 7.8 species at the impoundment, groundwater intake and reference sites, 
respectively; as compared to the Georgia study, which had mean species richness of 17.5, 23.5 and 30.5 
species, respectively. Kanno and Vokoun (2010) suggested that the Connecticut streams are species-poor 
habitats with highly altered landscapes, which might explain the much lower species richness relative to 
the Georgia study. Finally, the Connecticut study found that the presence of an impoundment only 
affected one fish assemblage metric. 
 Much of the evidence for impacts on aquatic resources due to groundwater withdrawals is based 
on the Falke et al (2010), Gido et al (2010), Wen and Chen (2006) and the Rugel et al (2010) 
investigations. The first three were studies of the High Plains aquifer, the principal geologic unit which is 
the Ogallala Formation. Miller and Appel (1997) suggested that in Kansas and Nebraska, where recharge 
rates to the aquifer are high, the demand for irrigation water could be as low as twice the average annual 
recharge, and where recharge rates are low, the demand could be more than 100 times the recharge. 
Robson and Banta (1995) indicated that the withdrawal rate from the High Plains aquifer during 1980 in 
Colorado and New Mexico was nearly eight times the natural recharge to the aquifer. The Maryland water 
balance policy effectively limits withdrawals to about ½ of the available annual average effective 
recharge in a watershed and only a few headwater streams in the State have approached that level. 
 The Rugel et al (2010) paper concerns the effects of irrigation withdrawals from the karstic, upper 
Floridan aquifer on streamflow in the lower Flint River basin of southwest Georgia. The lower Flint River 
watershed has a drainage area of 1290 mi2. Wen and Zhang (2009) indicated that for the basin the 
estimated irrigation water use from groundwater in a drought year was 197 Mgd avg, while the long-term 
estimated average water use was 94 Mgd avg. The reported use for the entire Flint River basin was 89% 
of the estimated use during the drought year of 2007. By comparison, the primary watershed in the 
present study (Monocacy River in Maryland) has a drainage area of about 960 mi2, with water use permits 
of less than a total of 20 Mgd avg, primarily for quarries and municipal water supplies. 
 These data indicate that the effects of groundwater withdrawals in Maryland could be on the 
order of a magnitude less than the impacts noted for irrigation uses from the High Plains aquifers and the 
upper Floridan aquifer in Georgia. This does not include the facts that irrigation withdrawals are highly 
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consumptive and are highest when recharge is low, while the withdrawals in the Maryland study area are 
largely non-consumptive and have much less effect on streamflow during drought than irrigation uses. 
This information would suggest that the High Plains and Floridan aquifer analogies are not applicable to 
groundwater withdrawals in the fractured rock areas of Maryland. 

 

Methods of Investigation 
 
Stream survey/biological assessments conducted in basins associated with the water withdrawals in the 
study area were reviewed and the analysis of the data obtained were used to determine the effects of the 
withdrawals upon the natural resources of the State. The investigations were conducted using the 
protocols contained in the Maryland Biological Stream Survey (MBSS) Sampling Manual (Kazyak, 
1996). Sampling of water quality and benthic macroinvertebrates were completed during the Spring Index 
Period (March 1 to May 1). Sampling of fish and herpetofauna and evaluation of the physical habitat, 
including stream flow measurements, were conducted during the Summer Index Period (June 1 to 
September 30). After collection of the sampling data was complete, it was analyzed to determine any loss 
of certain fish species and develop an Index of Biotic Integrity (IBI) score that was then compared to 
control sites and/or available regional data. 

The Maryland Department of Natural Resources (MD DNR) has performed biological 
assessments at more about 3700 sites in the State, primarily on a random basis. If multiple samples (at 
least three) have been taken at a site, it would be considered impaired, if either the FIBI (Fish Index of 
Biotic Integrity) or the BIBI (Benthic Index of Biotic Integrity) score was less than 3.0 (1.0–1.9 very 
poor, 2.0–2.9 poor, 3.0–3.9 fair and 4.0–5.0 good). If only one or two samples were taken, then the limits 
are 2.5 and 2.65 for the FIBI and BIBI scores, respectively. To date, watersheds seem to be mostly 
impaired by urbanization (impermeable surfaces) and agricultural activities (cropland). Evidence of this 
relationship is that there was no significant change in the average FIBI scores during the 2001-02 drought 
at the MBSS sentinel sites in the four regions of the State (Coastal Plain, eastern and western shores, 
eastern Piedmont, and the highlands), while there were significant declines in the scores on the western 
shore of the Coastal Plain and the eastern Piedmont during high runoff periods (entire year of 2003 and 
the growing season of 2008), Figure 2. 
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 Figure 2. Mean FIBI scores at MBSS sentinel sites during the period 2000-2009. 

 
The State funded biological assessments at six sites in 2010, including four in watersheds with 

heavy groundwater use and one to determine the effectiveness of operating rules designed to protect trout 
habitat downstream of the Hunting Creek reservoir. The earlier MD DNR random sampling included 
watersheds for many of the other reservoirs in the State and several other basins with heavy groundwater 
withdrawals. These studies found that the only impairments that could be related to withdrawals had been 
due to mining activity at the Medford Quarry and the Mettiki Coalmine. 

Most ecological flow recommendations do not appear to consider the effects of reservoir and 
groundwater storage, the potential for controlled cold-water releases from reservoirs (with adequate DO 
levels), or the frequency distribution of individual uses or classes of withdrawals. This may prove to be 
important, since most of the present groundwater and reservoir withdrawals in Maryland are from small 
1st to 3rd order streams (headwaters & creeks) and are used by public purveyors which are dependent on a 
continuing source of water. The high number of withdrawals in these basins is simply because more than 
90% of all non-tidal stream miles in the State fall in these classes. It is noted, however, that most of the 
water used in the fractured rock areas of the State, by volume, is surface water taken from 4th or higher 
order streams (small to large rivers), which are generally thought to need less protection than lower order 
streams. 
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Case Studies 
 

Hollow Creek/Middletown Case Study 
 

Figure 3 is a map of upper Hollow Creek and Cone Branch, with those watersheds outlined, in 
Middletown, Frederick County. On August 20 of the 2002 drought, the author made a visit to observe the 
flows in the various streams in the town, especially to see the effects of groundwater withdrawals on 
baseflow in Hollow Creek. It was noted that Hollow Creek at US Route 40 was “bone dry” on that day, 
while other, smaller, nearby basins were still flowing. A later discussion with a local biologist indicated 
that the stream may have been dry for about a year during the drought. The estimated flow observed in 
Hollow Creek below US Route 40 was 100 gpm, which was equal to the reported wastewater treatment 
plant discharge rate. A second visit was made to Hollow Creek at US Route 40 during another dry period 
on August 14, 2007, where it was noted that the stream was wet, but had no flow, indicating that it had 
likely just gone dry.  
 The natural flows in Hollow Creek were estimated using the approximate flows observed in Cone 
Branch at US Route 40 (5-10 gpm), where groundwater withdrawals were nil, and data from the USGS 
Catoctin Creek gage, Figure 4. The flows using the Cone Branch data (18-36 gpm) were much higher 
than those calculated from the Catoctin Creek data (9 gpm). This was also the case on August 14, 2007, 
when the estimated unimpacted flow in Hollow Creek was 285 gpm, using the Cone Branch estimated 
flow (50+ gpm, plus 30 gpm for groundwater withdrawals) and 34 gpm using the USGS gage data. 
 Since the Cone Branch flows were affected by pond storage and discharge factors, the previous 
analysis is only considered to be an approximation. However, on June 14, 2010, the flows in Hollow 
Creek were measured as part of a MBSS survey at the US Route 40 site. The unit flow in Hollow Creek 
on that date was 0.336 cfsm (0.76 cfs). This was nearly the same as at the USGS gage (0.359 cfsm or 24 
cfs); however, when you add in the equivalent flow for municipal withdrawals, the unit flow is then 0.698 
cfsm (1.58 cfs). These data suggest that Hollow Creek, which is spring-fed, and Cone Branch are 
significant sources of water for Catoctin Creek during low flow periods. 
 From analyses conducted using the Catoctin Creek streamflow data, it was estimated that the 
baseflow during 2002 in the Hollow Creek WHPA (Drainage area = 3.14 mi2) would have been 623,000 
gpd avg, or 4.2 in/yr, while withdrawals in the WHPA were 85% of that value, or 536,000 gpd avg. In 
2007, the estimated baseflow (8.2 in/yr) was 1,234,000 gpd avg, while the withdrawals of 489,000 gpd 
avg were 40% of that value. The baseflow in 2010 was 8.6 in/yr and municipal withdrawals were 483,600 
gpd avg, indicating that withdrawals were 38% of the effective recharge in the WHPA. The baseflows in 
2007 and 2010 indicate that those were dry years, between average year baseflow (10.9 in/yr) and the 1-
in-10-year baseflow (5.7 in/yr). These data suggest that the substantial, potential, sustained natural 
drought flows in the Hollow Creek are likely due to both high recharge and ground water storage in the 
basin.  
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Figure 3. Topographic map of Hollow Creek and Cone Branch used to show impacts of the Middletown 
 public water supply well withdrawals on streamflow and aquatic habitat in Hollow Creek. 
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Figure 4. Streamflow records from USGS gaging station 01637500 in Catoctin Creek near Middletown 
 during the period 2001 to 2010. 
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Table 1. MBSS data collected in Little Catoctin Creek, Hollow Creek and Cone Branch, with flow data from the Catoctin Creek stream gage. 
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 Table 1 is a summary of the results of a MBSS survey of Hollow Creek (CATO-202-B-2010) at 
the US Route 40 crossing conducted in 2010, drainage area (D.A.) of 2.3 mi2. The BIBI and FIBI both 
were equal to 3 and the PHI was 68.0, indicating the existence of sub-optimal, but not degraded, 
conditions during a dry year under low flow conditions (25th percentile of average daily flows). A survey 
of Little Catoctin Creek (CATO-201-B-2010) was also completed in 2010 to provide data from a control 
watershed not influenced by groundwater withdrawals. The BIBI was 4.25, the FIBI was 3.67 and the 
PHI was 92.2, which indicated optimal conditions existed at that 1.6 mi2 site. Previous surveys completed 
in 1996 and 2003 and conducted in smaller drainage areas (0.4 and 0.6 mi2) in Wiles Branch (FR-B-065-
11-96 and CATO-110-R-2003) indicated those portions of that watershed were degraded. Stream flow 
was not a factor since those were the two wettest years on record. While it is likely that agricultural 
practices had greater impacts on aquatic habitat than stream flow in the smaller areas of the Wiles Branch 
watershed, the NO3 concentrations, using the of >3.0 mg/L (moderately elevated) standard, Roth et al. 
(1999), are not consistent with the BIBI scores. The one site (FR-B-065-111-97) with the highest nitrates 
(10.9 mg/L) does have a low BIBI, as well as a low FIBI, while the two other sites in the Little catoctin 
Creek watershed have high nitrate levels, but fair to good BIBI scores. The Hollow Creek site has both 
low NO3 concentrations and BIBI scores. 
 

Little Catoctin Creek, Myersville/Middle Run,  
Votech-Maplecrest Case Studies 

 
The few crystalline rock aquifer interference impacts known to have occurred in Maryland included 

withdrawals from the Myersville Water Treatment Plant well that caused four domestic wells to either go 
dry or have reduced yields. An investigation of reports of declining yields or increased turbidity in domestic 
wells at the Maplecrest community indicated that those problems were not related to withdrawals from the 
nearby Westminster Votech well. No investigation has been conducted to determine if there were impacts 
to streamflow or aquatic habitats due to withdrawals from those wells. Table 2 contains the MBSS data 
collected at Myersville and near the Westminster Votech (well 8) site. 
 Site CATO-191-A-2012, Figure 5, located in Little Catoctin Creek, just below Myersville’s 
reservoir and a nearby low yielding public supply well, was surveyed during the spring of 2012, resulting 
in a BIBI score of 4.5. Previously, on August 28, 1997, the only flow below the reservoir was 10 gpm 
leaking from a closed overflow valve. A flow-by device was installed to maintain a minimum flow of 
0.15 cfs. The subsequent good instream biological habitat was probably due to a large portion (65%) of 
forest in the watershed, the small storage of the reservoir, low elevation of the dam, limited withdrawals 
(0.06 cfs average for 2012) above the MBSS site, the minimum flow-by, and the low yield of the well. At 
site CATO-301-R-2017 in Catoctin Creek, the BIBI source was 3.5 and the FIBI score was 4. This also 
was probably due to a large forest area (62%) and limited withdrawals (0.18 cfs in July 2017) within a 
moderately large (34.4 mi2) watershed.  
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Table 2. MBSS data collected in Little Catoctin Creek and Catoctin Creek, near Myersville, and Middle 
Run, near Westminster (Votech site). 
 

 
 
 Using the NO3 concentration limit of >3.0 mg/L, the high BIBI score and low NO3 concentration 
in Little Catoctin Creek indicates that agricultural activity likely had not impaired the stream. 
 

 
Figure 5. Topographic map of the Myersville area, showing public water supplies and MBSS sites. 
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 Site LIBE-105-R-2003 is located downstream of the Westminster Votech well in the Middle Run 
watershed, Figure 6. The BIBI score was 3.75 and the FIBI score was 4. The drainage area (D.A.) of the 
Votech well (148 acres) is 20% of the D.A. at the MBSS site; however, the withdrawals from the well 
(0.18 cfs) in June 2003 were a small fraction (4.8%) of the measured flow at the MBSS site (3.76 cfs on 
6/23/2003). By comparison, in the case of the Hammond (2022) study on the effects of dewatering of the 
Mettiki Coalmine, reductions in flows of about 20% did not appear to impair the aquatic habitat in 
streams overlying the mine. Although the NO3 was high (4.9 mg/L) at the Middle Run site, the BIBI score 
(3.75) indicates that the stream at the sampling point was not impaired. 
 

 
Figure 6. Topographic map near the Maplecrest Subdivision, showing the locations of Westminster well 
 8 (Votech well) and a MBSS site in Middle Run. 
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Linganore Creek-Woodville Branch, Mount Airy Case Study 
 
On August 20, 2002, the author observed about 20 gpm flowing in Linganore Creek, just upstream of the 
confluence of Linganore Creek and Dollyhyde Creek at the MD RT 75 stream crossing (D.A.= 40.7 mi 2 
or 0.0011 cfsm), Figure 7. On the same day, the Frederick County Department of Utilities and Solid 
Waste Management (DUSWM) also measured a flow of 160 gpm (0.230 mgd or 0.006 cfsm) in 
Linganore Creek at Gashouse Pike (D.A. = 59.5 mi2), indicating that the increase in flow was due to 
discharge from Dollyhyde Creek. By comparison, the flow out of the upstream tributary Woodville 
Branch (D.A. 6.6 mi2), from which Mount Airy withdraws its primary groundwater supply, was about 50 
gpm (0.017 cfsm). The FC DUSWM also measured flow on the same date in the Bens Branch tributary 
(D.A.= 15.9 mi2) of 66 gpm (0.095 mgd or 0.009 cfsm). 
 On August 20, 2002, the flows at the nearby Bennett Creek gage (D.A. = 63 mi2) were 0.6 mgd 
(0.014 cfsm). Adding in the groundwater withdrawal (414,000 gpd) from Woodville Branch by Mount 
Airy would increase the unit flows in Woodville Branch, Linganore Creek at MD RT 75, and Linganore 
Creek at Gashouse Pike to 0.114 cfsm, 0.017 cfsm and 0.017 cfsm, respectively. This would indicate that 
the natural flows in the spring-fed Woodville Branch watershed are enhanced by increased recharge and 
aquifer storage capacity, and it is a major source of water for the Linganore Creek basin during low flow 
periods. In addition, since there is close agreement between the Bennett Creek and the two Linganore 
Creek sites, this indicates that the reduced flows in Linganore Creek were due to the withdrawals by the 
Town of Mount Airy. Also, when groundwater withdrawals are added to the flow measured in Bens 
Branch, the combined unit flow is 0.019 cfsm, again indicating groundwater withdrawals were the source 
of reduced flows in that stream. 
 Table 3 is a summary of the results of MBSS surveys conducted in the Linganore Creek 
watershed between 1996 and 2012 and Figure 7 shows the locations of the sample sites. Highlighted in 
yellow in Table 3 and shown on Figures 8 and 9 are those sites which were impaired, based on the limits 
of 2.5 for the FIBI and 2.65 for the BIBI for streams where single samples are taken. The site AB data is 
not considered in this analysis since that site is immediately below Lake Linganore and likely was 
affected by reservoir operations. The BIBI results indicate that 16 of the 27 sites were impaired, while the 
FIBI scores indicate that only 4 sites were impaired, all which had a D.A.< 0.5 mi2. Of note is that the 5 
sites with a CIBI less than 2.58, Table 3 and Figure 10, neglecting site AB, all had a D.A.< 0.5 mi2, 4 of 
which had unit flows from 7% to 57% of the Bennett Creek reference gage. Two other sites (M and Q) 
had small drainage areas, one which (Q) had an impaired BIBI. The 8 sites (highlighted in purple) with 
samples collected during the lowest regional flow periods (0.13 to 0.78 cfsm @ gage 6435) had 
suboptimal to optimal CIBI scores exceeding 3.09. Included are sites X and Y, immediately downstream 
of the Mount Airy well field. The most downstream site (W) in the Woodville Branch basin did have an 
impaired BIBI of 1, but the flows (2.15 cfsm), FIBI (4.67) and PHI (95.9) indicate optimum physical 
conditions existed on the sample date. One possibility is the BIBI impairment at that site was due to 
elevated nitrate-nitrogen (NO3-N) levels from nearby farming activity. The five sites with impaired CIBI 
results had PHI values (highlighted in grey) less than 65. Three others (F, T and Y) had impaired BIBI 
scores, but there are no comments in the MBSS reports that might indicate reasons for the impacts. One 
site was not impaired (AA) and the last one (AB) was affected by reservoir operations. The greatest 
percentage of land use upstream of the 16 impaired sites with low BIBI scores is for agricultural activity, 
except for sites A (forest) and B (urban); however, this is also the case for the 11 unimpaired sites, except 
for sites L and Z (both forest). 
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Figure 7. Linganore Creek streamflow measurements/estimates on August 20, 2002, and MBSS/MSW sites 1996-2012. 
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Table 3. Data from Linganore Creek watershed MBSS surveys 1996-2012. 
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Table 4. Data from Linganore Creek watershed MSW surveys 2007-2011. 

 
 
 Using the NO3 concentration limit of >3.0 mg/L, 9 of 17 sites with impaired BIBI had elevated 
NO3 concentrations (highlighted in blue, Table 3), while the remaining 8 (highlighted in grey) had low 
levels of NO3. Four sites (highlighted in orange) had high NO3 levels but were unimpaired. Only the 
remaining 7 sites (highlighted in white) were both unimpaired and had low NO3 concentrations. This 
would suggest that care should be taken when trying to relate impaired BIBI scores to high NO3 
concentrations. 
 Table 4 and Figure 11 provide the results of samples collected by the Maryland Stream Waders 
(MSW) program. There were 9 sites with impaired BIBI scores. Sites 10, 18 and 21 had small drainage 
areas and site 20 was downstream of the Lake Linganore reservoir. There was residential development 
immediately upstream of site 9, but a large majority of the watershed is in cropland. Sites 4 and 5 have 
watersheds primarily affected by agricultural activity, while site 19 had a highly urbanized watershed. 
Site 11 was in Woodville Branch, but the low BIBI (1.6) is inconsistent with the more rigorous MBSS 
sampling at the site (X) which produced a BIBI score of 3.8. Other than Woodville Branch sites MSW 11 
and MBSS X, there was fairly good agreement between the MBSS and MSW BIBI scores in the 
Linganore Creek basin, Figure 12. 
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 While withdrawals of groundwater for the Mount Airy public water supply likely caused the 
reduced flows in Linganore Creek above the confluence with Dollyhyde Creek and may have impaired 
the biological habitat, conditions likely improved rapidly after the 2002 drought and the follow-on record 
or near record wet year of 2003. The most impaired streams within the Linganore Creek watershed had 
drainage areas less than 0.5 mi2 and unit flows substantially less than the regional average calculated from 
the Bennett Creek gage (6435) data and had no significant groundwater withdrawals within the sample 
site drainage areas. A likely reason of the low flows is that small headwaters streams are usually within 
aquifer recharge areas, so much of the runoff infiltrates into the ground before it reaches the stream. Much 
of the data were collected during the extremely wet years of 1996 and 2003; however, the FIBI surveys 
were conducted in the summer and early fall periods, when seasonal flows are declining. The CIBI scores 
for the 8 surveys, including the 2 in the upstream portion of Woodville Branch, conducted during the 
lowest flow periods, indicated that those streams were not impaired. The downstream site (W) in 
Woodville Branch did have a low BIBI score, but that may have been due to high concentrations of NO3-
N caused by runoff from a nearby farm. Overall, the data in Table 3 indicate that there is a poor 
correlation between the BIBI scores and NO3 concentrations. 
 



24 
 

 
 Figure 8. Linganore Creek MBSS sites with BIBI scores and streamflow measurements 1996-2012. 
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  Figure 9. Linganore Creek MBSS sites with FIBI scores and streamflow measurements 1996-2012. 
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  Figure 10. Linganore Creek MBSS sites with CIBI scores and streamflow measurements 1996-2012. 
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 Figure 11. Linganore Creek MSW sites with BIBI scores and streamflow measurements 1996-2012. 
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 Figure 12. Linganore Creek MBSS and MSW sites with BIBI scores and streamflow measurements 1996-2012. 
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Dry Seneca Creek-Horsepen Branch-Broad Run, Poolesville 

Case Study 

In the 1980s acid rain from electric power plants was recognized as one of the most important 
environmental problems in Maryland. What data that were available on the adverse biological effects of 
low pH could not be used to compare conditions across regions or watersheds, because of the different 
methods used and spatial coverage limitations. This led to the creation of the MBSS program in 1989 to 
provide information on the status of biological resources in Maryland streams and the cumulative effects 
of acidic deposition and other anthropogenic stresses. In addition, the Clean Water Act requires each state 
to determine if water quality standards related to aquatic life were being attained and to submit a biennial 
list of impaired waters to the United States Environmental Protection Agency (USEPA). Other 
organizations such as county and municipal governments, regional water management authorities, and 
volunteer watershed groups also gather valuable stream monitoring data. In Montgomery County, the 
Department of the Environment (MODEP) and the volunteer Maryland Stream Waders (MSW) 
organization collect other such data that can be used to augment the MBSS program. Tributaries and the 
main stem of each stream in the Poolesville area were sampled in 1997 during the initial MBSS (1994-97) 
study, Figure 13 and Table 5. Where less than three years of data is available, acceptable scores are 2.65 
for BIBI and 2.50 for FIBI. 
 Horsepen Branch flows south of Poolesville. Near Tom Fox and Hughes Road, the channel is 
stormwater-dominated, with dry upstream areas. Erosion is present on large parts of the channel due to 
downcutting and a lack of adequate buffer to provide bank stabilization. One branch flows through a large 
impoundment located on the Poolesville Public Golf Course. Further downstream, there is an abrupt 
transition in geology from the sandstone-based upland areas to the alluvial sediments of the Potomac 
River floodplain. The lower portion of the watershed is subject to backwater flow from the Potomac River 
during flooding, resulting in sedimentation and bank erosion. Much of the watershed tends to dry up 
almost completely in the summer likely due to the drought-sensitive underlying geology of the New 
Oxford Formation. Horsepen Branch UT2 UT1, site D, was impaired (BIBI-1.25, FIBI-1.33) and is a 
shallow stream in a wildlife management area that had many problems. It had an elevated sulfate 
concentration and a poor physical habitat score due primarily to instream habitat, pool/glide/eddy quality, 
and channel alteration, had no riparian buffer, and was directly adjacent to a gravel road. Site A is the 
most upstream site (D.A., 774 ac) and was impaired (BIBI-1.50, FIBI-1.0). Flows appear the have been 
reduced by more than 50% due to Poolesville’s withdrawals on the sample date and the stream was 
reported dry at other times. Runoff could also have cause problems as 20% of the subwatershed was in 
urban development. Sites B, C and E were all in the alluvial plain. Each had low flows relative to the 
applicable USGS stream gage data. It is possible the stream flow slows due to the change in hydraulic 
gradient upon entering the alluvial plain and is affected by the presence of several large upstream 
impoundments. Each site had poor BIBI scores, but fair to good FIBI scores. It is unclear why the BIBI 
scores were so low. MBSS notes indicate that site B had a deep and narrow channel, with heavy siltation, 
at site C beavers were present and sampling was difficult, while site E had a deep channel with slow flow. 
Except for site A, the effects of water withdrawals and urban development were likely not significant. It is 
possible that backwater from Potomac River flooding and the resulting erosion and sedimentation caused 
the degraded habitat. 
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Figure 13. Map of the Dry Seneca Creek, Horsepen Branch and Broad Run watersheds in the vicinity of 
 Poolesville, including MBSS sites with FIBI and BIBI scores. 
 
 The headwaters of Broad Run begin west of the Town of Poolesville. Land use has historically 
been agricultural in this area and that has little changed in over 100 years. A forested stream buffer 
provides protection along many stretches of Broad Run. From samples taken in Broad Run during 1997, 
sites L (UT1), P (main stem) and Q (UT2 UT1) were unimpaired. Site M (UT1) was impaired (BIBI-
1.75); however, there was a beaver pond present. Sites N and O were unimpaired when sampled in 2001. 
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Table 5. MBSS data for Horsepen Branch, Russell Branch, Dry Seneca Creek, and Broad Run, including stream gage data and water withdrawals. 
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 MODEP (Dorsey, 2001) monitored seven stations in Broad Run for benthic macroinvertebrates 
(collected in March -April 2000) and fish (surveyed in June-July 2000), Table 6 and Figure 14. Most of 
the stations had ratings for both fish and habitat conditions as fair to good. Overall, there appeared to be 
no water quality parameters causing impairment of the stream. Physical chemistry samples were within 
COMAR’s parameters derived by MDE. The temperatures recorded from the beginning of June through 
the end of September 2000 also did not reveal any hot or cold peaks that may affect the overall biological 
community. One station, BR201, was evaluated during the fall for quantitative habitat analysis. It was a 
low flow station and may not have been able to sustain an adequate fish habitat for a wide diversity of fish 
species. That station was moderately entrenched and had confined fast floodwater, allowing for the 
likelihood that pioneering species would be found within the active channel. At site BRBR302 both the 
fish and benthos scored lower than expected but showed no physical signs for impairment. The station 
was located on a farm, with a small riparian buffer, where there could have been a fish blockage 
downstream, or chemicals released upstream. MODEP recommended that agricultural management plans 
be reviewed to ensure the least amount of impairment by runoff. Sites BR201 and BR 302 were located 2-
3 miles west of the trough of depression formed by the Poolesville well field and outside of the influence 
of runoff from the town’s impermeable surfaces, factors which could not be causes for impairment to the 
aquatic habitat of Broad Run. In general, there is relatively good agreement between the results of the 
various sampling programs (MBSS, MODEP and MSW). All indicate that the Broad Run aquatic habitat 
is largely unimpaired, and none made the case that runoff from urban areas or withdrawals for the 
Poolesville public water supply wells have impacted the watershed. 
 
Table 6. MODEP biological assessment data for Broad Run. 
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 In Dry Seneca Creek during a 1997 survey, the upstream MBSS site K (BIBI-3.50, FIBI-3.70) 
and intermediate site J (BIBI-2.75, FIBI-4.67) were unimpaired. The downstream site (G) was impaired 
(BIBI-2.00), but this was likely due to elevated NO-NO3 concentrations from a large cropland area in the 
vicinity of the sampled site. Downstream flows include WWTP discharge, which when deducted indicate 
that the unit flows decrease downstream. This could reflect changes in lithology, since site K is upstream 
in a crystalline rock aquifer, which would tend to have more storage and higher permeability than the 
downstream consolidated sedimentary rock New Oxford Formation. However, the flows are not synoptic 
measurements, which would make it difficult to determine absolute differences. Follow on samples were 
collected downstream of the WWTP at sites I and J during the early part of the 2001-2002 drought. The 
results indicate that the stream was unimpaired (BIBI-3.25 and 2.75, FIBI-4.67 and 4.67). Conversely, 
sampling in 2000 by MODEP indicates that Dry Seneca Creek immediately below the WWTP discharge 
was impaired at site 307, Figure 15 and Table 7. MODEP indicated that the low scores are most likely 
due to impacts of runoff from the town of Poolesville, and the Poolesville WWTP outfall about 100 
meters upstream of the sample site. Possible sanitary overflow from the WWTP outfall was observed by 
MODEP staff during the spring sampling period. However, Dry Seneca Creek was unimpaired further 
downstream at site 313. 
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 Figure 14. Broad Run MBSS sites with FIBI/BIBI scores, MSW (Waders) sites with BIBI  
  scores, and MODEP sites with ratings (G-good, F-fair). 
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 Figure 15. Dry Seneca Creek MODEP sites with ratings (E-excellent, G-good, F-fair, P-poor). 
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Table 7. MODEP biological assessment data for Dry Seneca Creek. 

 
 
 The Poolesville sequence batch reactor type WWTP was upgraded in 2010 to a biologically 
enhanced nutrient removal (ENR) system, Poolesville (2011). In addition, the WWTP utilizes multimedia 
pressure filters and ultraviolet disinfection prior to discharge into Dry Seneca Creek. 
 All the MSW sites sampled before 2010 upstream and downstream of the WWTP were 
unimpaired, Figures 16 and 17, and Table 8, except for the seventh most downstream one, site Q (BIBI - 
1.3). Site G was closest site to the WWTP and was impaired (BIBI-1.3), but it was upstream of the plant 
and the sample was taken in 2013. There were two MBSS samples taken in 2015, Figure 18 and Table 9. 
The first site (E) downstream of the WWTP was unimpaired (BIBI-3.0), while the most downstream site 
(D) was slightly impaired (BIBI-2.5). Table 10 provides water chemistry, physical habitat, and stream 
flow data in Dry Seneca Creek before and after the 2010 construction of the ENR system. They indicate 
that the Total Nitrogen (TN), Phosphorus (TP), NO2, and NO3 concentrations declined by amounts equal 
to or greater than 50% after 2010. Prior to 2010, the lowest NO3 concentration (1.63 mg/L) was at site K; 
upstream of the WWTP; however, it was greater than the post-2010 concentrations downstream of the 
WWTP. This was likely due to farming activity since the major land use (86.3%) was agriculture in the 
watershed above the sampling point. These data indicate that the addition of the ENR treatment system 
had significantly improved the quality of the aquatic habitat downstream of the WWTP. It is also noted 
that none of the stream samples exceeded the NO3 concentration limit of >3.0 mg/L 
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 Figure 16. Map of MSW (Waders) sites above the Poolesville WWTP with BIBI scores. 
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 Figure 17. Map of MSW (Waders) sites below the Poolesville WWTP with BIBI scores. 
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  Table 8. MSW (Waders) BIBI data for Broad Run, Horsepen Branch,    

  Russell Branch, and Dry Seneca Creek. 
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Figure 18. Map of MBSS data sampled in 2015-2017, with FIBI/BIBI scores. 

 

Table 9. MBSS data sampled in 2015-2017 from Broad Run, Horsepen Branch, Russell Branch and Dry 
Seneca Creek. 
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Table 10. Water chemistry, physical habitat, and streamflow data in Dry Seneca Creek before and after 

the construction of the Poolesville WWTP ENR system. 

 
 

 Immediately upstream of the WWTP, MODEP sites 303, 305 and 306 had poor fish scores, but 
good to excellent benthic macroinvertebrate results. MODEP attributed this to the recovery from the 1999 
drought. This may have been possible since the Churchel and Batzer (2006) study indicated rapid 
recolonization of invertebrates occurred which stabilized after 165 days in the Georgia Piedmont streams 
to near pre-drought levels. It could have taken the fish some additional time to migrate from downstream 
refugia and repopulate the area above the Poolesville WWTP. Further upstream, at sites 206 and DS207 
the fish scores were fair to good. Those sites were in a crystalline rock area, where the aquifer is expected 
to have higher sustained flows than the downstream consolidated sedimentary rock formation, which is 
characterized by low baseflow. The most upstream area may have been isolated from the effects of the 
drought providing adequate habitat for maintenance of the fish population. The one exception is site 303, 
but it is located near the boundary of the two formations, where a thin crystalline rock aquifer may overlie 
the consolidated sedimentary rock formation, which may have led to low flows during the drought. 
 The tributary Russell Branch enters Dry Seneca Creek downstream of the WWTP discharge. 
MBSS Sampling in 2001 produced a FIBI score of 1.0 and a BIBI score of 1.75 at site F, Figure 13, Table 
5. This would indicate that the stream was impaired; however, the drainage area at the station was only 75 
acres. Various State biologists have indicated that basins with such small drainage areas may have low 
indices but not be impaired. Another factor to consider is that land use in the watershed is 47% urban, 
44% agricultural land and 9% forest, suggesting that runoff from impermeable surfaces may have 
degraded the aquatic habitat of the stream. There was no flow in the stream, which was likely due to 
either the small drainage area or groundwater withdrawals from nearby town public supply wells. A 
benthic study was completed in the watershed in the spring of 2012. The calculated BIBI, at a 
downstream station with a relatively large drainage area (1942 acres or 3.0 mi2), was 1.25. Within the 
larger watershed the land use was: 11.8% urban, of which 7.5% was open space and 4.2% low density 
urban area. Due to budget constraints, the fall sampling could not be completed, and no flow 
measurements are available. MODEP data indicates Russell Branch (site RB207) was unimpaired during 
sampling in 2000 (FI-Good, BI-fair), Figure 15, Table 7. Samples collected by the MSW program in 2001 
(site L, BIBI-3.29) and 2009 (site K-BIBI- 2.71), Figure 17, Table 8, also indicate that the stream was 
unimpaired. It is not likely that runoff from impermeable surfaces or decreased flow due to Poolesville 
withdrawals caused the impairment at the downstream MBSS site in Russell Branch. These 
inconsistencies in the benthic samples cannot be resolved without additional study. 
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 Figure 19 is a map of the drawdowns in 4-5 May 2005, Yoxtheimer (2006) and Transmissivity 
(T) values, Hammond (2022), related to the testing and pumping of the Poolesville public water supply 
wells. Most of the water pumped comes from the areas with the greatest drawdown, such that most of it 
was taken from the upper reaches of Russell Branch and Horsepen Branch. There is a limited withdrawal 
from Dry Seneca Creek, even if Russell Branch is included. There is little water taken from the Broad 
Run watershed. It is unlikely that there would be any significant impacts to Dry Seneca Creek or Broad 
Run or that any changes in flow would be outside the margin of error for the typical devices used for 
streamflow measurements. 
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 Figure 19. Map of MBSS sites, with FIBI/BIBI scores, MODEP sites, with FI/BI scores, and  
  contours of water level drawdowns and transmissivity values resulting from   
  withdrawals by  Poolesville’s public water supply wells. 
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 Figure 20. Map of the land use patterns in the Dry Seneca Creek, Horsepen Branch and Broad 
  Run watersheds, with MBSS and MODEP sites, Poolesville’s public supply wells, the  
  drainage area above the WWTP and the urban land within that drainage area. 
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 It was proposed that the urbanized areas of Poolesville and the WWTP discharge caused the 
degraded habitat below the WWTP. Figure 20 is a map of the land use patterns in the Dry Seneca Creek, 
Horsepen Branch and Broad Run watersheds. The drainage area in Dry Seneca Creek above the WWTP 
consists of 3848 acres of which, at present, 282 acres are in urban areas. However, only 130 acres of the 
drainage area at site J (above the confluence with Russell Branch) was in urban areas in 2001. As 9% of 
the town acreage consists of impervious surfaces, Poolesville (2011), that indicates that 0.3 % of the 
drainage area above the WWTP consists of impervious surfaces. It is unlikely that runoff from impervious 
surfaces is a significant factor causing degradation of Dry Seneca. Creek. 
 There are presently 165 acres of the town’s urban area in the Broad Run basin. However, only 
about 1.2% (18 ac) of the drainage area above site M was in urban areas during sampling in in 1997. 
Also, 1.2% of the drainage area of site Q is urbanized, but that is at the National Institutes of Health 
property. Urban areas within the watersheds of the remaining sites (L, N, O and P) were 0-0.5%. These 
data also indicate that it is unlikely that runoff from impervious surfaces cause any degradation of aquatic 
habitat in the Broad Run basin.  
 In the case the upper reaches of Russell Branch and Horsepen Branch (MBSS sites A and F) there 
is significant urbanization, which in conjunction with the Poolesville water withdrawals may have led to 
the degradation at those locations. 
 

Piney Creek, Taneytown Case Study 
 
 Table 11 is a summary of the results of MBSS surveys conducted in the Piney Creek watershed 
near Taneytown in 1996 (6 samples), 2000 (1 sample) and 2004 (1 sample), while Figures 21, 22 and 23 
show the locations and results of the sampling. Based on the single sample BIBI limit of 2.65, all sites 
were impaired. All are located outside of the capture zone of Taneytown well 14, except for site E, 
indicating that groundwater withdrawals from the well were not the cause of the degraded aquatic habitat. 
The most likely cause of the impacts was farming activity, as all sites had high NO3 levels (>3.0 mg/L), 
except for sites C (2.1 mg/L) and D (3.0 mg/L). Based on the single sample FIBI limit of 2.50, none of 
the sites were impaired, except for site F. One possible explanation is that most of the samples were taken 
in 1996 during high flow periods. The one exception (FIBI-2.0) was the sample taken on 8/24/2004 at the 
site F, which had a low flow (0.01 cfs) and small drainage area (296 acres).  
 Table 12 and Figures 21 and 24 provide the locations and results of samples collected by the 
Maryland Stream Waders (MSW) program. At 8 of the 15 sites BIBI scores indicated that the stream was 
impaired. Sites 1 and 2 (impaired), and 8 and 9 (unimpaired) were effectively duplicate samples. The 
average BIBI score (2.0) of the 6 upstream MSW sites was like those of the 4 upstream MBSS sites 
(2.15), Figure 25. The 3 downstream MSW sites had an average score of 2.7 that was significantly higher 
than the 2 downstream MBSS sites (1.65). Near the capture zone of well 14, the 3 MSW samples had an 
average score of 3.5 that was much higher than the 1 MBSS sample (1.5). 
 In the immediate vicinity of well 13, the average of the 3 MSW sites (1.7) was lower than the 1 
MBSS score (2.3). All sites had drainage areas less than 300 acres. Sites 11 and 12 had large majorities of 
the watersheds in cropland and were primarily affected by agricultural activity. Site 10 was in a highly 
urbanized watershed where runoff might have been a factor in the degraded watershed. Site F is in a 
forested watershed. While no records could be found for site G, it had a very small drainage area (65 
acres) and, as a result, may have been impacted by a lack of streamflow. 
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 The possibility that withdrawals from well 13 and the three ESAB (Elektrisha Svetsnings-
Aktiebolaget or Electric Welding Limited Company) recovery wells may have impacted the aquatic 
habitat at the four MSW/MBSS nearby sites was investigated. The ESAB wells were not in service on 
any of the sampling dates of those sites. Well 10 was completed in 1967 in the consolidated sedimentary 
rock Triassic New Oxford Formation with a static water level (SWL) of 39 ft (12 m). The well was online 
from the 1960s to the early 1990s and was then taken out of service due to declining yields related to 
interference with well 13, located about ½ mile southwest of well 10. In 1999, the SWL in well 10 was 
149 ft (45 m) or about 100 ft (30 m) below regional water levels, providing clear evidence of interference 
with well 13. Well 13 was completed in 1985 with a SWL level of 84 ft (25.6 m) during an aquifer test 
that was about 50 ft (15 m) below regional water levels, which was additional proof of interference with 
well 10. 

Tetrachloroethylene (PCE) contamination was discovered in well 13 in 1987; however, the 
concentrations were below the Maximum Contaminant Level (MCL) of 5 µg/L until 2003. ESAB 
installed a treatment system and withdrawals from the recovery wells reduced the PCE levels of raw 
water samples taken from well 13 from an average of 12.1 µg/L (2003−2004) to an average of 4.7 µg/L 
(2005−2008). The remainder of the PCE was removed by a granulated activated charcoal treatment 
system. Well 13 has been out of service since 2009, due to radiological contamination (adjusted gross 
alpha radiation). Water levels in monitoring wells collected in the upper zone (depth ≤ 50 ft), Figure 26, 
indicated that the water table had a gradual hydraulic gradient, while the water levels in the deeper aquifer 
(depth >50ft), Figure 27, formed a steeper hydraulic gradient in the direction of well 13. The PCE 
concentration isopleths, Figures 28 and 29, show similar patterns. In the upper zone, the PCE 
contamination is drawn slightly to north direction, while the PCE in the lower zone is drawn 
west/southwest toward well 13, with a secondary direction to the north. One explanation is that from the 
spill site, the contaminant flowed initially to the north based on the hydraulic characteristics of the vadose 
(unsaturated) zone. Upon reaching the water table, it then moved in the direction of groundwater flow, 
while leaking slowly to the lower zone and then migrating to well 13. MW-D (depth of 30 ft) has highly 
variable PCE readings, with high values measured in 1999 (39.2 ppb) and 2001 (31.2 ppb) relative to 
AW-87-2 (depth 97 ft, dry and PCE not detectable). The upper zone appears to have a relatively low 
permeability, with residual PCE contamination, which is likely flushed into MW-D during recharge 
events. MW-C was a 51-ft well with PCE concentrations >500 ppb and the adjacent well MW-B was a 
100-ft dry well. At both nested well sites, the upper zone appeared to be a perched water table, largely 
less affected by pumping of well 13 than the two dry wells in the lower zone. The decline in PCB levels 
in AW-87-2, from 18-23 ppb in 1987 to 3.4 ppb in 2003 probably reflects a change in hydraulic gradient 
due the pumping of well 13.  
 In 2010, well 10R was drilled as a replacement for well 10 (10 ft or 3 m away), primarily because 
there was a hole is the well 10 riser pipe that could not be repaired. The SWL was 29 ft (9 m) and had 
recovered about 120 ft (37 m) relative to the 1999 SWL in well 10, since well 13 was no longer 
interfering because it was out of service due to the radiological contamination. During a 72-hr aquifer test 
of well 10R, observation water levels were measured in Taneytown wells 9, 10, 11, 12 and 13, plus PCE 
monitoring wells AW-87-1 and MW-04-G, Figure 30. The drawdowns were 0-2 ft in wells 9, 11 and 12. 
In the pumping well 10R and well 10 the drawdowns were 180 ft and 130 ft, respectively. Significant 
drawdowns of 38 ft, 26 ft and 25 ft were observed in well 13, AW-87-1 and MW-04-G, respectively. 

All the water level data indicate that there is a highly anisotropic aquifer connecting wells 10/10R 
and 13 along an approximate strike direction. Water supply wells 9, 11 and 12, and MSW sites 10 and 11 
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appear to have been outside or at the edge of the capture zone formed by withdrawals from supply wells 
10, 10R and 13. Site F may be within the trough of depression; however, in October 2003, well 13 was 
taken off-line and was out of service until after May 2004, while the BIBI samples at site F were taken on 
4/27/2004, so all of the wells that might have caused impacts to the site were off line when the sample was 
collected. In addition, the BIBI score at site F (2.25) was higher than the scores (1.6-1.9) outside of the 
capture zone of wells 10 and 13, while pumping from the ESAB wells did not start until January 2005. The 
ESAB recovery system also includes a 180-ft injection well and a shallow pond for the injection of the 
treated water. 
 Overall, stream impairment was indicated by the many low BIBI scores in the Piney Creek 
watershed, whether the sample sites were within or outside of the potential capture zones of wells 10, 
10R, 13 and 14, and the ESAB recovery wells. A potential perched water table may also have reduced the 
impacts of withdrawals on streamflow from the Taneytown supply wells. The most common impairment 
factor was the elevated nitrogen levels at the sample sites due to agricultural activity. All FIBI scores 
were satisfactory (>2.50), except site F, which had a score of 2.0, but that site had a small drainage area, 
and the best information indicates that there were no water withdrawals within the vicinity of that site. 
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Table 11. MBSS data for Piney Creek, including stream gage data and water withdrawals. 

 
 

     Table 12. MSW BIBI data for Piney Creek. 
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  Figure 21. Locations of MBSS and MSW sample sites in Piney Creek watershed near Taneytown. 
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  Figure 22. MBSS sample sites, with BIBI scores, in the Piney Creek watershed, near Taneytown. 
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  Figure 23. MBSS sample sites, with FIBI scores, in the Piney Creek watershed, near Taneytown. 
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  Figure 24. MSW sample sites, with BIBI scores, in the Piney Creek watershed, near Taneytown 
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  Figure 25. MBSS and MSW sample sites, with BIBI scores, in the Piney Creek watershed, near Taneytown 
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Figure 26. Shallow groundwater flow at the ESAB study site 

 
Figure 27. Deep groundwater flow at the ESAB study site. 
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  Figure 28. PCE concentrations upper zone at the ESAB study site. 

 
  Figure 29. PCE concentrations lower zone at the ESAB study site. 
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  Figure 30. Topographic map on southwest side of Taneytown, with BIBI scores at MBSS/MSW sample sites and   

   drawdown contours derived from a 72-hr aquifer test of Taneytown well 10R
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Watershed Baseflow Characteristics 
 

Table 13 Baseflow characteristics of watersheds near the study sites in the present investigation. 

 

 

Table 13 includes the results of baseflow analyses, low flow calculations, and basin characteristics for the 
watersheds near or including the study area sites. Most notable is that while the precipitation in all 
watersheds is approximately the same, the baseflow to total flow ratio of the Monocacy River @ 
Bridgeport gage site (0.38) is much lower than the other sites (0.7). This would indicate that the surface 
flow of the Monocacy River @ Bridgeport is much higher than the other watersheds. This likely reflects 
the low permeability surface clay soil of the consolidated sedimentary rock New Oxford Formation (ML) 
underlying the watershed above that gage site. It is unknown what the MBSS reference stream is for the 
ML HGMR, but if it is a Piedmont stream, then the high natural runoff might produce results like that of 
runoff from an urban area. This could produce low BIBI scores like those which occurred in Poolesville 
(Horsepen Branch and Russell Branch) and Taneytown (Piney Creek) that reflect natural conditions 
unrelated to anthropogenic urban runoff. Also noted is the greater elevation and channel slope in the 
Catoctin Creek watershed. This may account for the similar average and drought year baseflows relative 
to the other PCR HGMR basins, but the lesser low flow characteristics of Catoctin Creek. 
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