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1. INTRODUCTION 

Maryland’s Department of the Environment (MDE) issued a revised National Pollutant 
Discharge Elimination System (NPDES) stormwater permit to Frederick County, with an 
effective date of 30 December 2014. This permit addresses stormwater discharges from the 
County’s municipal separate storm sewer system (MS4). Permit requirements include 
implementing comprehensive stormwater management programs for addressing runoff from new 
and redevelopment projects, restoring urban areas where there is currently little or no stormwater 
management, and working toward meeting stormwater waste load allocations for local water 
resources and Chesapeake Bay. One component of the County’s MS4 permit is to conduct 
“watershed assessments” for the entire County within the five year permit cycle.  This watershed 
assessment report addresses the Upper Monocacy watershed which is located in the northern part 
of Frederick County (Figure 1-1). 

 

As presented in Section 4.E of the MS4 permit,  

Frederick County shall annually provide watershed assessments, restoration plans, opportunities 
for public participation, and TMDL compliance status to MDE. A systematic assessment shall 
be conducted and a detailed restoration plan developed for all watersheds within Frederick 
County. As required below, watershed assessments and restoration plans shall include a 
thorough water quality analysis, identification of water quality improvement opportunities, and a 
schedule for BMP and programmatic implementation to meet stormwater WLAs included in 
EPA approved TMDLs. 
 
1. Watershed Assessments 
a. By the end of the permit term, Frederick County shall complete detailed watershed 

assessments for the entire County. Watershed assessments conducted during previous permit 
cycles may be used to comply with this requirement, provided the assessments include all of 
the items listed in PART IV.E.1.b. below. Assessments shall be performed at an appropriate 
watershed scale (e.g., Maryland's hierarchical eight or twelve-digit sub-basins) and be based 
on MDE's TMDL analysis or an equivalent and comparable County water quality analysis. 

 
b. Watershed assessments by the County shall: 

i. Determine current water quality conditions; 
ii. Include the results of a visual watershed inspection; 
iii. Identify and rank water quality problems; 
iv. Prioritize all structural and nonstructural water quality improvement 
projects; and 
v. Specify pollutant load reduction benchmarks and deadlines that 
demonstrate progress toward meeting all applicable stormwater WLAs. 

 
Watershed assessments also require public participation (Section 4.E.3), and statements of 
progress in the County’s annual report to MDE. 
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The Monocacy River is significant tributary of the Potomac River that contributes to the 
Chesapeake Bay. The portion of the Monocacy River Watershed in Maryland is divided into 
three “8-digit” watersheds: the Upper Monocacy, the Lower Monocacy and Double Pipe Creek. 
Within Frederick County, the Upper Monocacy watershed covers approximately 204 square 
miles, and has about 424 miles of streams. Approximately 380 miles are tributary streams, and 
the rest are part of the main stem Monocacy River and surrounding impoundments.  
The Upper Monocacy watershed is made up on 6 distinct subwatersheds: Toms Creek, Owens 
Creek, Hunting Creek, Fishing Creek, Tuscarora Creek and Glade Creek (Figure 3-1). The 
generalized land use categories of the Upper Monocacy are agriculture and forest-- each 
covering about 45% of the watershed according to Maryland Department of Planning (2002) 
data. Forest tends to be concentrated in Catoctin Mountain upland and steep slope areas, while 
agriculture and residential areas tend to be concentrated in more gently sloping lowlands of the 
watershed. 
 
This Upper Monocacy Watershed Assessment is intended to address the County’s MS4 permit 
requirements, as well as what U.S. EPA calls the “9 elements” of a watershed-based plan.  In 
brief, this watershed assessment: 
 

 Presents the assessment methodology used (Section 2); 

 Describes the existing watershed conditions (Section 3, Element A); 

 Presents the “gap analysis” to quantify load reductions necessary to meet regulatory 
targets (Section 4, Element B); 

 Presents targeted projects within the watershed intended to help meet water quality goals 
(Section 5, Element C); 

 Estimates the costs of implementing watershed projects to achieve compliance (Section 6, 
Element D); 

 Prioritizes the identified projects with proposed schedules (Section 6, Elements F and G)’ 

 Describes the education and public outreach efforts (Section 8, Element E); 

 Presents interim milestones to achieve compliance (Section 9, Element H); and 

 Describes the watershed water quality monitoring programs to help determine 
impairments and improvements (Section 10, Element I). 
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2. ASSESSMENT METHODOLOGY 

This watershed assessment includes the following 5 components used to characterize current 
watershed conditions and impairments, assess current progress toward attaining TMDL targets, 
and develop a strategy for fully attaining TMDL targets. 
 

1. Review of Existing Information 
2. TMDL Gap Analysis 
3. GIS Desktop Analysis to Identify Potential Projects 
4. Field Surveys of Potential Projects 
5. Water Quality Analysis of Proposed Projects 

 
2.1. Review of Existing Information 

The County provided previous reports, watershed studies, GIS data, and other available sources, 
which were reviewed and used as the foundation for this watershed study.  The following 
information was used for this watershed assessment:   
 

1. MDE’s TMDL WLAs for the Upper Monocacy watershed 
2. Watershed Implementation Plan for the Upper Monocacy, and 

• MAST Scenario prepared by KCI for 20% impervious acres 
• Brown & Caldwell’s hypothetical projects from Master Plan 
• Brown & Caldwell’s BMP scenario to meet 20% impervious acre treatment 
• Municipal Financial Services Group MEP scenario, governing the master schedule. 

3. County’s Annual NPDES Report for 2015 
4. Past Watershed Studies/Assessments 
5. The County’s inventory of existing BMPs and water quality improvement projects 
6. County’s GIS Data 

• County MS4 layer 
• Impervious surfaces layer 
• Pervious surface layer 
• Existing BMP data layer 
• Land use/land cover layer 
• Storm drain system & outfalls 
• Orthoimagery 
• Water quality monitoring data 
• BMP Drainage Areas 

7. County’s WTM Model for E. coli bacteria 
 

2.2. TMDL Gap Analysis 

2.2.1. Sediment and Nutrient TMDLs 

An analysis of baseline and existing pollutant loadings was conducted to determine the progress 
toward achieving TMDL goals.  In accordance with the County’s 2015 Annual NPDES Report 
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and the County’s 2016 Stormwater Restoration Plan, sediment and nutrient pollutant loadings 
were obtained from MDE’s Maryland Assessment Scenario Tool (MAST), which is based on the 
Chesapeake Bay Model version 5.3.2.  For all MAST model scenarios, the County Phase I MS4 
impervious and County Phase I MS4 pervious land use categories were used to represent the 
County MS4 loads within the watershed.  Reductions from urban stormwater BMPs were also 
modeled with MAST using BMP data obtained from the County.  The MAST pollutant loading 
and BMP reductions were used to assess the gap between existing sediment and nutrient loadings 
and both local TMDL targets and the Chesapeake Bay TMDL targets. 
 

2.2.2. E. coli Fecal Bacteria TMDL 

The County has developed a watershed treatment model (WTM) to estimate E. coli fecal bacteria 
loading within the watershed.  The WTM model was used to assess the gap between existing E. 
coli loading and the local TMDL target for E. coli bacteria. 
 

2.3. GIS Desktop Analysis to Identify Potential Projects 

A GIS desktop analysis was conducted to identify potential new projects for stormwater BMPs 
within the untreated impervious surfaces within the County’s MS4.  The desktop analysis also 
included an assessment of potential tree planting and stream restoration sites that could be used 
to claim impervious surface and TMDL credits.  The results of the GIS desktop analysis are 
presented in Section 5. 
 

2.4. Field Surveys of Potential Projects 

Field assessments were conducted for each of the potential projects identified in the GIS desktop 
analysis.  The purpose of the field visits were to ground truth the GIS analysis, and to identify 
any visually obvious construability issues such as the presence of utilities, access, or other site 
constraints.  The results of the field survey of proposed new projects are presented in Section 5. 
 

2.5. Pollutant Reduction Analysis of Proposed Projects 

A pollutant reduction analysis for nitrogen, phosphorus, and sediment was conducted for 
proposed BMPs using methodology described in MDE’s 2014 guidance Accounting for 
Stormwater Wasteload Allocations and Impervious Acres Treated.  Reductions of E. coli bacteria 
were estimated using the County’s WTM model version 1.0.  Details of the pollutant load 
reduction analysis are described in Section 5. 
 
3. EXISTING WATERSHED CONDITIONS 

 
3.1. Watershed Overview 

The Monocacy River is a significant tributary of the Potomac River that flows to the Chesapeake 
Bay.  The portion of the Monocacy River Watershed in Maryland is divided into three “8-digit” 
watersheds: the Upper Monocacy, the Lower Monocacy and Double Pipe Creek (Figure 1-1).  
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Within Frederick County, the Upper Monocacy watershed covers approximately 204 square 
miles (Frederick County DPW, 2005).  According to the US Geological Survey (USGS) data, the 
Upper Monocacy watershed has about 424 miles of streams.  Approximately 380 miles are 
tributary streams, and the rest are part of the main stem Monocacy River and surrounding 
impoundments.  Approximately 56 percent of the 380 miles of tributary streams in the watershed 
have natural vegetation in the riparian areas. The remaining 44 percent of streams include 
developed and agricultural or barren lands. (USGS, 2014).  The watershed originates in 
Pennsylvania and flows through the Emittsburg and Thurmont area where the western portion of 
the watershed flows through the forested mountains while the eastern portions is predominantly 
agriculture.  The watershed continues to flow along Interstate 15 where the landscape changes 
into more of the suburban and eventually urban land use as it drains into the City of Frederick 
limits. 
 

3.1.1. Soils/Geology 

3.1.1.1. Soils 

Land use and vegetation are greatly affected by soil type and moisture conditions. Soil 
conditions are also an important determining factor for water quality in rivers and streams. Local 
soil conditions in Frederick County vary greatly from site to site according to information 
published in the SSURGO database (USGS- Natural Resources Conservation Service – “Soil 
Survey Geographic”).  About 14 percent of the Upper Monocacy Watershed is made up of prime 
agricultural soils. Ironically, the largest concentration of this soil is located in the City of 
Frederick and Walkersville areas where the land has been used for urban development or is 
expected to be converted in the foreseeable future.  The steep and mountainous areas of the 
watershed contain more highly erodible soils.  A small percentage of the watershed is made up of 
hydric soils which tend to be scattered in small areas with the largest concentration located east 
of Emmitsburg (Frederick County DPW, 2005).  
 
3.1.1.2. Geology 

MDE states that the watershed is geologically complicated.  The Catoctin Mountain area is 
primarily made up of three formations: Wissahickon Formation, Weverton Formation and the 
Metarhyolite and associated pyroclastic sediments. The valley area is mostly the New Oxford 
Formation, Gettysburg Shale, Frederick and Grove Limestones.  The valley area also includes 
smaller areas of the Antietam Formation, Diabase Sills and Dikes, Harpers Formation, and the 
Ijamsville Formation. 
 
The percent of forested land use in the Upper Monocacy River watershed was the highest of the 
Frederick County watersheds at approximately 58 percent.  The Upper Monocacy also had the 
least amount of agricultural land use (32 percent) and the second smallest percentage of urban 
land use (10 percent) (VERSAR, 2013).   
 
 
 



  
 
 
 

 
 Page 7  5 May 2017 

3.1.2. Upper Monocacy Watershed Monitoring 

As shown in Figure 3-1 and Table 3-1, the 204 square mile Upper Monocacy watershed is 
subdivided into six subwatersheds: Toms Creek, Owens Creek, Hunting Creek, Fishing Creek, 
Glade Creek, and Tuscarora Creek.  Water quality monitoring at each subwatershed is presented 
below. 
 
Frederick County has an active stream monitoring program to characterize the condition of the 
County’s watersheds. Each year, the Frederick County Stream Survey (FCSS) samples 50 
randomly selected sites stratified across the 20 watersheds in the County.  On a per year basis, 2 
or 3 sites are located in each watershed, for a total of 10 monitoring sites per watershed after four 
years. While an estimate of countywide condition can be made every year, watershed condition 
estimates are calculated at the completion of a Round.  Round 1 was conducted from 2008-2011; 
Round 2 is being carried out during 2013-2016 time period.  
 
FCSS activities conducted by the County typically include: 
 

 Characterization of the physical habitat of the stream 
 Benthic macroinvertebrate sampling 
 Erosion and riparian buffer assessments 
 Water quality measurements of key chemical constituents 

 
These stream assessment approaches are generally discussed below, and the most recent results 
are then summarized for each of the six Upper Monocacy subwatersheds. 
 

3.1.3. Stream Habitat Assessments (PHI) 

The health of the aquatic community is often directly correlated to the quality of physical habitat 
within a stream. To characterize the quality of regional streams, the Physical Habitat Index (PHI) 
for Maryland streams was developed using Maryland Biological Stream Survey (MBSS) data 
(Paul et al., 2002). Using this PHI index, several measurements of physical habitat characteristics 
are combined into a single value which is then compared to a “reference” site that is believed to 
be minimally impacted. The physical habitat characteristics addressed in this FCSS program 
were: (1) the extent and type of vegetated riparian buffer, (2) the severity of bank erosion , and 
(3) an overall indicator of habitat quality (VERSAR, 2013). Table 3-2 presents the four 
condition classes for PHI scores used in the Frederick County Stream Survey (Marginally 
Degraded, Partially Degraded, Degraded, Severely Degraded). Individual scores for each 
watershed can be found in each of the subwatershed summaries which follow in this section. 
Table 3-3 presents the percentage of stream miles in PHI classes and subwatershed mean scores 
for FCSS for the period 2008-2011. 
 

3.1.4. Benthic Community Assessments  

Benthic macroinvertebrates live in water on rocks, logs, sediment, debris and aquatic plants 
during some period in their life. Examples include crustaceans such as crayfish, mollusks such as 
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clams and snails, aquatic worms, and the immature forms of aquatic insects such as stonefly and 
mayfly nymphs (VERSAR, 2013).  Benthic macroinvertebrates are an important part of the food 
chain, and because they are relatively immobile, they function as excellent indicators of stream 
health within a particular stream segment (VERSAR, 2013). 
 
“Biological integrity” is defined as the ability to support and maintain a balanced, integrated, 
adaptive biological community having a species composition, diversity, and functional 
organization comparable to that of the natural habitat of the region (Karr and Dudley, 1981). The 
Benthic Index of Biotic Integrity (benthic IBI or BIBI), developed for the State’s Maryland 
Biological Stream Survey (MBSS) program, was used to characterize Frederick County sites (for 
detailed methods, see Southerland, et al. 2007).  Much like the PHI scores, BIBI scores are 
determined by comparing the benthic assemblages at each site to those found at minimally 
impacted (“reference”) sites within the same ecoregion (Table 3-4).  Site-specific BIBI results 
were used to estimate the extent of streams within the study watersheds that were in good, fair, 
poor, and very poor condition (Table 3-4) with respect to the biotic integrity of the benthic 
community (VERSAR 2013). Table 3-5 summarizes the percentage of stream miles in the 
various BIBI categories and subwatershed mean scores for the FCSS 2008-2011 monitoring 
period. 
 

3.1.5. Erosion and Riparian Buffers 

Human activities and other factors may influence stream habitat quality by causing changes in 
factors such as vegetative cover, sediment loads, and hydrology. Healthy riparian buffers, can 
substantially reduce the amount of erosion, pollutants, and nutrients reaching the streams, as well 
as provide local benefits of shade, large woody debris, and leaf litter to support the aquatic food 
web. In contrast, the loss of stable riparian vegetation increases the potential for channel erosion 
and siltation of stream bottoms, adversely affecting the clean gravel surfaces used by many fish 
species as spawning habitat, and becoming less suitable habitats for many bottom-dwelling 
species. 
 
Frederick County’s FCSS monitoring program uses the following categories to characterize the 
quality (size) of the riparian buffers (Table 3-6).  For the purposes of the FCSS, the riparian 
buffer width on both sides of the stream was summed together as a measure of riparian buffer 
integrity.  
 

3.1.6. Water Quality Standards and TMDLs 

Nitrogen and phosphorous are essential to the survival of aquatic plants and animals, but in 
excess concentrations cause significant water quality impairments and adverse biological 
conditions.  Reductions of nitrogen, phosphorus and total suspended solids (TSS) are the primary 
focus of U.S. EPA’s Chesapeake Bay TMDL which is the regulatory tool requiring these 
watershed studies and restoration requirements.  The water quality thresholds used by the 
County’s FCSS to characterize sites within the County is summarized in Table 3-7. 
 
MDE is required by U.S.EPA to submit an Integrated Report every two years to comply with 
Sections 303(d), 305(b) and 314 of the Clean Water Act.  An important part of this report is the 
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listing of “impaired waters” under Section 303(d) which exceed applicable water quality 
standards and may require the development of a Total Maximum Daily Load (TMDL) to 
improve water quality and ensure long-term compliance with applicable water quality standards. 
The Upper Monocacy watershed is currently listed by MDE as “impaired” (Category 5) with 
EPA-approved local TMDLs for three constituents: 
 

 Phosphorus (EPA Approved: 7 May 2013), 
 Sediment (EPA Approved: 3 December 2009), and 
 E. coli Fecal Bacteria (EPA Approved: 3 December 2009). 

 
In addition, EPA has developed an overall TMDL for the Chesapeake Bay watershed for 
nitrogen, phosphorus, and sediment (USEPA 2010).  More detailed information on these TMDLs 
is provided in other sections of this watershed assessment. 
 

3.1.7. Land/Cover 

One indicator of how human activities might affect a stream is how the land within a particular 
watershed is used.  Table 3-8 summarizes the three broad categories of land used in the FCSS 
program (VERSAR, 2013). 
 
Particular attention is focused on “impervious surfaces” (including roads, parking areas, roofs 
and other human constructions).  These sealed surfaces increase surface runoff, reduce 
evapotranspiration, and contribute to point and non-point source pollution problems within a 
watershed (VERSAR, 2013).  Table 3-9 presents the percentage of stream miles in impervious 
land use categories and the subwatershed means based on catchments of the 200 FCSS sites 
based upon the 2008-2011 monitoring surveys. 
 
Presented in the sections below are overviews of each of the six subwatersheds of the Upper 
Monocacy within Frederick County. These overviews include information on the PHI, BIBI, 
erosion and buffer levels, and nitrogen and phosphorous concentrations based on FCSS 2008-
2011 sampling methods as well as data from the NPDES 2014 Annual Report for Frederick 
County.    
 

3.2. Toms Creek Subwatershed 

3.2.1. Overview 

Bordering Pennsylvania, the Toms Creek subwatershed is the northernmost watershed in 
Frederick County and encompasses 47 square miles.  Overall, approximately 47 percent of the 
land is used for agriculture, 43 percent is covered by forest, and 10 percent of land use is urban.  
One tributary of Toms Creek, Friends Creek, originates in the far northwestern corner of 
Frederick County and winds northeast across the Pennsylvania state line eventually re-entering 
Maryland in the Toms Creek watershed after combining with several other small tributaries.  As 
this tributary meanders, it flows through highland areas including Eylers and Harbough valleys 
that have been farmed for generations (Frederick County DPW, 2005).  
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3.2.2. Biology 

The Physical Habitat Index (PHI) score for Toms Creek is listed as 10 percent “moderately 
degraded,” 50 percent “partially degraded,” 20 percent “degraded,” and 20 percent “severely 
degraded”.  The mean PHI for this subwatershed is 64.3 out of 100, the second lowest score in 
the Upper Monocacy (VERSAR, 2013).  The mean BIBI score for Toms Creek was 3.10 out of 5 
with the majority (50 percent) of stream miles sampled in the “fair” category.  Of the remaining 
miles, 10 percent were in “good” condition, and 40 percent were in the in “poor” condition 
(VERSAR, 2013).  
 
The Frederick County Stream Survey conducted in 2008-2011 states that the mean stream bank 
erosion score for the Toms Creek subwatershed is 1.8 out of 4. Data show that 30 percent of 
stream miles sampled had “no erosion” while 20 percent had “mild erosion,” 30 percent had 
“moderate erosion,” and 20 percent had “severe erosion” (VERSAR, 2013).  Riparian buffer 
percentages were reported as: 50 percent had buffers greater than 60 meters, 30 percent were 30-
60 meters, and 20 percent were less than 15 meters.  The average riparian buffer width was 60 
meters (VERSAR, 2013).  
 

3.2.3. Chemistry 

Water quality assessments conducted between 2008 and 2011 show generally “low (<1.5 mg/L)” 
levels of nitrogen in the Toms Creek subwatershed. With a mean concentration of 1.42 mg/L, 60 
percent of stream miles tested showed “low (<1.5 mg/L)” nitrogen concentrations, and the 
remaining 40 percent had “moderate (1.5-7.0 mg/L)” concentrations (VERSAR, 2013).  
Phosphorous concentrations were also assessed at this time. Forty percent of stream miles 
sampled had “low (<0.025 mg/L)” concentrations, 30 percent “moderate (0.025-0.070 mg/L),” 
and 30 percent had “high (>0.070 mg/L)” phosphorous concentrations (VERSAR, 2013) 
 

3.2.4. Restoration Projects 

Prepared for submission to MDE, the County’s “Chesapeake Bay TMDL Analysis for Frederick 
County, Maryland” (16 July 2012) presents completed watershed restoration projects as of 
December 2010. For the Toms Creek subwatershed, the following projects and load reductions 
were noted:     
 
 Urban forest buffer at Mt. Saint Mary’s Run completed in 2007  

o Nitrogen Reduction = 2.70 lbs/yr 
o Phosphorous Reduction = 0.12 lbs/yr 
o Sediment/Total Suspended Solids  = 49.47 lbs/yr 
o Treated Impervious Area = 0.54 acres 

 Rain garden at Emmitsburg Elementary School completed in 2009 
o Nitrogen Reduction = 0.07 lbs/yr 
o Phosphorous Reduction = 0.06 lbs/yr 
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o Sediment/Total Suspended Solids  = 7.04 lbs/yr 
o Treated Impervious Area = 0.15 acres 

 Urban grass buffer at Emmitsburg Elementary School completed in 2009 
o Nitrogen Reduction = 4.65 lbs/yr 
o Phosphorous Reduction = 0.21 lbs/yr 
o Sediment/Total Suspended Solids  = 85.20 lbs/yr 
o Treated Impervious Area = 0.93 acres 

 Rain garden at Up County Family Support Center completed in 2008 
o Nitrogen Reduction = 0.005 lbs/yr 
o Phosphorous Reduction = 0.004 lbs/yr 
o Sediment/Total Suspended Solids  = 0.47 lbs/yr 
o Treated Impervious Area = 0.01 acre 

 Urban forest buffer at New Forest Society Grow Out Nursery completed in 2007 
o Nitrogen Reduction = 3.86 lbs/yr 
o Phosphorous Reduction = 0.47 lbs/yr 
o Sediment/Total Suspended Solids  = 85.40 lbs/yr 
o Treated Impervious Area = 0.90 acres 
 

3.2.5. Summary of Toms Creek 

Based upon VERSAR’s 2008-2011 Frederick County Stream Survey study (VERSAR 2013), the 
Toms Creek subwatershed was rated as: Degraded for physical habitat; Fair for Benthic Index of 
Biotic Integrity; Low for total nitrogen; and Moderate for total phosphorus.  Several stream 
stations had poor scores for both habitat and benthic community metrics.  
 

3.3. Owens Creek Subwatershed 

3.3.1. Overview 

The Owens Creek subwatershed covers about 46 square miles and mirrors the adjacent Hunting 
Creek subwatershed. The creek flows out of the mountains, across Route 15 along the northern 
edge of Thurmont and easterly through farms to its convergence with the Monocacy River 
(Frederick County DPW, 2005). Owens Creek is characterized as a fairly steep mountain stream 
with boulder and cobble substrate throughout. Extensive fast runs are separated by occasional 
large pools. The lower portion flows through State and County-owned areas and private 
property, while the headwaters are situated in Catoctin Mountain Park. In addition, four 
ecologically sensitive areas with wetlands of special state concern occur in the mountain portion 
of the watershed, and one small headwater stream reach supports a naturally reproducing trout 
population. Land uses in upstream catchments for the Owens Creek watershed are stated as 32 
percent agricultural, 61 percent forested, and 7 percent urban (VERSAR, 2013).  
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3.3.2. Biology 

Owens Creek is comprised of sites like Eylers Valley and Owens Creek Swamp that contain state 
threatened or endangered species such as long-bracted orchid, large purple-fringed orchid, and 
leatherwood (Frederick County DPW, 2013). According to VERSAR data collected between 
2008 and 2011, the mean PHI score for Owens Creek was 70.3 out of 100. This subwatershed 
had 30 percent of stream miles sampled in the “marginally degraded” habitat category, 40 
percent in the “partially” degraded category, 20 percent in the “degraded” category and 10 
percent in the “severely degraded” category. 
 
For the 2008-2011 FCSS period, the overall average BIBI score for the Owens Creek watershed 
is 3.63 out of 5. This creek had the highest percentage of stream miles in the “good” condition 
category at 50 percent. Forty percent of stream miles sampled in Owens Creek had a fair BIBI 
and 10 percent had a very poor BIBI score (VERSAR, 2013).  
 
Although the majority of headwater areas are forested, one 0.75-mile headwater reach in the 
Manahan, Foxville, and Owens Creek Deerfield Road area was noted as being inadequately 
buffered.  In the Owens Creek subwatershed, 20 percent of stream banks showed no signs of 
erosion, 30 percent were mildly eroded, 30 percent were moderately eroded, and 20 percent were 
severely eroded. Seventy percent of Owens Creek and the streams that drain into it have a 
forested stream bank width greater than 60 meters. The mean riparian buffer width was reported 
to be 72 meters (VERSAR, 2013). 
 

3.3.3. Chemistry 

Owens Creek begins within the Catoctin Mountain Park’s boundaries, then leaves the park for a 
span of about two miles before re-entering park property.  During this brief detour, the stream 
passes through residential, agricultural, and cattle-grazing areas, where it is susceptible to the 
nutrient and effluent runoff. The FCSS 2008-2011 Report states that 80 percent of stream miles 
sampled within Owings Creek were in the “low (<1.5 mg/L)” nitrogen category and 20 percent 
were in the “moderate (1.5-7.0 mg/L)” category. The mean nitrogen concentration for Owens 
Creek was 0.99 mg/L. This report also states (VERSAR, 2013) that 90 percent of stream mile 
sampled were in the “low (<0.025 mg/L)” phosphorous concentration category while the 
remaining 10 percent were in the “moderate (0.025-0.070 mg/L)” category. The mean 
phosphorous concentration for the Owens Creek watershed was 0.015 mg/L.  
 

3.3.4. Restoration Projects 

No watershed restoration projects were installed in this watershed as of December 2012.  
 

3.3.5. Summary of Owens Creek 

Based upon VERSAR’s 2008-2011 Frederick County Stream Survey study (VERSAR 2013), the 
Owens Creek subwatershed was rated as: Partially Degraded for physical habitat; Fair for 
Benthic Index of Biotic Integrity; Low for total nitrogen; and Low for total phosphorus.  Several 
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of the monitored Owens Creek stream stations had poor scores for both habitat and benthic 
community metrics.  

 
3.4. Hunting Creek Subwatershed 

3.4.1. Overview 

The Hunting Creek watershed is approximately 28,000 acres (44 square miles) in size and is 
designated by MDE as Class III Natural Trout Waters (FCDPZ 1998). This subwatershed’s 
headwaters are located in the protected Catoctin Mountain Forest, which includes the federal 
Catoctin Mountain Park, Cunningham Falls State Park, and the local Thurmont Watershed area 
(Frederick County DPW, 2013).  Hunting Creek is a small, southeastward draining, freestone 
stream that connects with the Monocacy River near the town of Woodsboro (Versar 2015).  
 
This watershed is characterized by varied stream width, good fishery resources, and ample forest 
habitat. Hunting Creek supports one of the strongest populations of wild brown trout in the state 
which are found throughout the watershed from the tiny headwaters downstream through the 
town of Thurmont. Two organizations, the Potomac Valley Fly Fishermen and the Maryland Fly 
Anglers, raise or purchase rainbow and brook trout and stock the Big Hunting Creek tail water 
each spring as part of the Co-operative Trout Rearing Program (VERSAR 2013). 
According to the Frederick County Stream Survey 2013 Countywide Results, land use 
percentages in catchments upstream of sites sampled were approximately 84 percent forest, 8 
percent agriculture, and 8 percent urban (VERSAR, 2013). Being mostly forested in nature, the 
Hunting Creek subwatershed does not have a large amount of impervious surface. The most 
significant impervious area is the Thurmont portion of the watershed. 
 

3.4.2. Biology 

Using the PHI to characterize habitat quality, VERSAR scientists measured the quality of the 
physical habitat of the stream. This information characterizes the amount of food and shelter 
available for a healthy biological community. In the Hunting Creek watershed, 40 percent of 
stream miles samples were “marginally degraded,” 30 percent were “partially degraded,” 20 
percent were “degraded,” and 10 percent were “severely degraded.” This field monitoring 
program determined that the average BIBI score for the Hunting Creek watershed is 3.38 out of 
5, indicating that the average health of the watershed is “fair.” More recently, the FCSS 2014 
results states in Appendix Table 4 that the three sites sampled in the Hunting Creek watershed 
had Fish IBI scores of 4.67 and BIBI scores of 4.25. (VERSAR, 2015).  
 
VERSAR’s monitoring program also characterized aquatic habitat based upon the quality of 
stream buffers and erosion potential. Hunting Creek had the lowest percentage of both 
inadequate buffers and stream bank erosion of the Upper Monocacy subwatersheds. As reported 
by the Frederic County Division of Public Works (2005), 30 percent of stream banks in the 
Hunting Creek watershed showed no signs of erosion, 50 percent were” mildly eroded”, 20 
percent were “moderately eroded” and no stream banks were categorized as “severely eroded.” 
An average of 10.18 miles out of the 37.16 miles of walked stream were noted as having 
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inadequate buffers (approximately 29 percent), and 0.84 miles out of the 37.16 miles of walked 
streams were noted as being eroded (2 percent) (Upper Monocacy Watershed Restoration 
Strategy 2005). 
 

3.4.3. Chemistry 

Nitrogen and phosphorous are important nutrients for aquatic communities, but when the levels 
become too high, stream health suffers. In the Hunting Creek watershed, VERSAR (2013) 
reported that 100 percent of stream miles sampled had “low (<1.5 mg/L)” nitrogen 
concentrations and the lowest mean nitrogen concentration in the Upper Monocacy (0.59 mg/L). 
Phosphorous concentrations in the Hunting Creek subwatershed were 70 percent “low (<0.025 
mg/L),” and 30 percent “moderate (0.025-0.070 mg/L.” The mean phosphorous level was 0.017 
mg/L. More information concerning water quality parameters for sites sampled in the 2015 FCSS 
can be found in Appendix Table 5 of the FCSS Countywide Results (VERSAR, 2015). Water 
quality data collected in spring and summer 2014 showed good results. Three stream sampling 
stations had dissolved oxygen concentrations of at least 8.57 mg/l which is above Maryland’s 
minimum surface water criterion of 5.0 mg/l. Turbidity levels at these sites were some of the 
lowest of all stream sampling locations in the County.  
 

3.4.4. Restoration Projects 

In 2015, EA Engineering, Science, and Technology, Inc., PBC (EA) conducted an assessment of 
the Little Hunting Creek Watershed near Thurmont to develop specific stream and watershed 
restoration actions.  The results of this assessment were used to compare and rank each site or 
sub-watershed area, and to prioritize the areas that would benefit most from watershed/stream 
restoration efforts to achieve measurable water quality improvements and pollutant and sediment 
load reductions.  A desktop review of available GIS layers was performed to locate areas for 
potential stream improvements.  Thirty (30) areas of interest (AOI) were identified as potential 
locations for in-stream improvements, upland Best Management Practices (BMP), or structural 
retrofits.  An initial field assessment of each of the 30 sites was conducted to field truth the 
findings of the desktop review and rank each site based on restoration potential.  The field 
assessment identified five priority projects for a more detailed assessment.  EA then performed 
geomorphological assessments at the top priority sites. Cross section, profile and pebble count 
data were collected, as applicable at the stream sites. Using the field assessment data, 5 potential 
restoration projects were developed. For each of the five proposed restoration concept sites, an 
assessment of pollutant load reductions, impervious surface treatment area, and cost estimates 
were developed to determine a cost benefit analysis of each of the projects.  Based on this 
assessment two projects were identified that would provide a greater benefit with a lower cost 
and should be considered as the top two priority projects for future consideration.   
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Prepared for submission to MDE, the County’s “Chesapeake Bay TMDL Analysis for Frederick 
County, Maryland” (16 July 2012) presents completed watershed restoration projects as of 
December 2010. For the Hunting Creek subwatershed, the following projects and load reductions 
were noted:  
 
 Urban forest buffer at Thurmont Middle School completed in 2004  

o Nitrogen Reduction = 0.30 lbs/yr 
o Phosphorous Reduction = 0.01 lbs/yr 
o Sediment/Total Suspended Solids  = 5.50 lbs/yr 
o Treated Impervious Area = 0.06 acres 

 Rain garden at Thurmont Elementary School completed in 2005 
o Nitrogen Reduction = 0.48 lbs/yr 
o Phosphorous Reduction = 0.07 lbs/yr 
o Sediment/Total Suspended Solids  = 20.46 lbs/yr 
o Treated Impervious Area = 0.25 acres 

 SWM nonstructural in Thorpewood completed in 2007 
o Nitrogen Reduction = 0.48 lbs/yr 
o Phosphorous Reduction = 0.07 lbs/yr 
o Sediment/Total Suspended Solids  = 20.46 lbs/yr 
o Treated Impervious Area = 0.25 acres 

 Porous pavement at Catoctin Mountain Park completed in 2006 
o Nitrogen Reduction = 0.58 lbs/yr 
o Phosphorous Reduction = 0.07 lbs/yr 
o Sediment/Total Suspended Solids  = 56.26 lbs/yr 
o Treated Impervious Area = 0.50 acre 

 

3.4.5. Summary of Hunting Creek 

Based upon VERSAR’s 2008-2011 Frederick County Stream Survey study (VERSAR 2013), the 
Hunting Creek subwatershed was rated as: Partially Degraded for physical habitat; Fair for 
Benthic Index of Biotic Integrity; Low for total nitrogen; and Low for total phosphorus. 

 

3.5. Fishing Creek Subwatershed 

3.5.1. Overview 

The Fishing Creek watershed covers 26 square miles which consists of approximately 24 percent 
agriculture, 71 percent forest, and 5 percent urban land use. Just north of the Tuscarora Creek 
subwatershed, the western portion of Fishing Creek is forested and protected in public ownership 
by the City of Frederick. Additionally, designated Ecologically Sensitive Areas (ESAs) make up 
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a large portion of the forested headwaters and two other significant acreages. The Fishing Creek 
reservoir is a drinking water source for the City of Frederick. The main stem and tributaries of 
Fishing Creek are trout streams with brook trout above the reservoir and a few naturalized brown 
trout in some of the downstream reaches. The tributaries of Fishing Creek flow through 
numerous subdivisions including Lewisdale Estates, Ziegler Estates, and Utica Mills Estates. 
Significant wetlands occur in the area near Utica Park and near fish hatcheries (Frederick County 
DPW, 2013). 
 

3.5.2. Biology 

Habitat degradation levels for Fishing Creek are quantified using the PHI scoring scale. Ten 
percent of habitat along Fishing Creek was determined to be “marginally degraded,” 30 percent 
was “partially degraded,” 50 percent was “degraded,” and 10 percent was “severely degraded.” 
The mean PHI score was 65.8 out of 100 (VERSAR, 2013). Ongoing FCSS monitoring data for 
2014 show the benthic index of biotic integrity (BIBI) of Fishing Creek is 30 percent “good,” 50 
percent “fair,” and 20 percent “poor” with a mean score of 3.53 on a 1-5 scale (FCSS 2013). 
Stream bank erosion in the Fishing Creek subwatershed was estimated as 90 percent “mild,” and 
10 percent “severe” with a mean score of 1.7 out of 4 based on the stream miles sampled 
(VERSAR, 2013). The average width of riparian buffers along this creek was reported to be 58 
meters. Seventy percent of riparian buffers measured were greater than 60 meters wide, 10 
percent were 30 to 60 meters wide, and 20 percent were less than 15 meters (FCSS 2013). In 
2014, two sites along Fishing Creek were evaluated as part of the ongoing FCSS program and 
received “good” BIBI scores of 4.25 and 4.5 (NPDES 2014 Annual Report). 
 

3.5.3. Chemistry 

Assessment of the water quality of Fishing Creek indicated low concentrations of both nitrogen 
and phosphorous. One hundred percent of nitrogen stream samples were less than 1.5 mg/L or 
“low.” The mean nitrogen concentration for this subwatershed was 0.43 mg/L (VERSAR, 2013). 
Phosphorous levels were reported as 70 percent “low (<0.025 mg/L)” and 30 percent “moderate 
(0.025-0.070 mg/L)” with a mean concentration of 0.024 mg/L (VERSAR, 2013). Dissolved 
oxygen concentrations of two sites sampled in 2014 were both above 10.3 mg/l which is 
considered healthy and is above Maryland’s established minimum of 5.0 mg/l. Temperature, pH, 
and conductivity results for both sites were also within a healthy range (NPDES 2014 Annual 
Report). 
 

3.5.4. Restoration Projects 

Prepared for submission to MDE, the County’s “Chesapeake Bay TMDL Analysis for Frederick 
County, Maryland” (16 July 2012) presents completed watershed restoration projects as of 
December 2010. For the Fishing Creek subwatershed, the following projects and load reductions 
were noted:    
 
 Urban forest buffer at Utica Park completed in 2007  

o Nitrogen Reduction = 44.98 lbs/yr 
o Phosphorous Reduction = 2.02 lbs/yr 
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o Sediment/Total Suspended Solids  = 824.54 lbs/yr 
o Treated Impervious Area = 9.00 acres 
 

3.5.5. Summary of Fishing Creek 

Based upon VERSAR’s 2008-2011 Frederick County Stream Survey study (VERSAR 2013), the 
Fishing Creek subwatershed was rated as: Degraded for physical habitat; Fair for Benthic Index 
of Biotic Integrity; Low for total nitrogen; and Low for total phosphorus.  Several stream stations 
had poor scores for both habitat and benthic community metrics.  
 

3.6. Tuscarora Creek Subwatershed 

3.6.1. Overview 

At 18 square miles, the Tuscarora Creek subwatershed is the smallest in the Upper Monocacy 
and consists of approximately 80 percent forest, 7 percent agriculture, and 13 percent urban land 
use.  Tuscarora Creek is the southernmost of the six subwatersheds. Tributary streams flow east 
from their headwaters in the Catoctin Mountains into the Monocacy River. The City of 
Frederick’s northern limits are in the Tuscarora Creek subwatershed and continue to spread 
further into the watershed as agricultural land is developed, occasionally encroaching on 
floodplains. Much of the watershed is designated by the State as a Priority Funding Area (PFA) 
for growth and development despite its sensitive ecological character. The watershed has 
numerous springs and wetland areas such as Bootjack Springs Estates, Yellow Springs Road, 
Indian Springs and Rocky Springs Roads (Frederick County DPW, 2013). 
 

3.6.2. Biology 

PHI scores indicate that 40 percent of the stream habitat sampled in Tuscarora Creek was 
“marginally degraded,” 30 percent was “moderately degraded,” 20 percent was “degraded,” and 
10 percent was “severely degraded.” Tuscarora Creek had a PHI mean of 71.9 out of 100 
(VERSAR, 2013). Benthic IBI scores in this creek were 30 percent “good,” 50 percent “fair,” 
and 20 percent “poor” with a mean of 3.35 on a 1-5 scale (VERSAR, 2013). These were the 
second highest PHI and BIBI scores in the Upper Monocacy.  
 
With a mean score of 1.3 out of 4, the Tuscarora Creek subwatershed has the most stream bank 
erosion of the six Upper Monocacy subwatersheds.  Ten percent of stream miles sampled were 
classified as having “no erosion,” 50 percent had “mild erosion,” 20 percent had “moderate 
erosion,” and 20 percent had “severe erosion (VERSAR, 2013).”   Tuscarora Creek also had the 
highest mean riparian buffer width of 89 meters. Ninety percent of stream miles sampled had a 
riparian buffer width greater than 60 meters while the remaining 10 percent had a width less than 
15 meters (VERSAR, 2013). 
 

3.6.3. Chemistry 

Nitrogen concentrations in the Tuscarora Creek were 70 percent “low (<1.5 mg/L)” and 30 
percent “moderate (1.5-7.0 mg/L)” with a mean of 0.66 mg/L. The mean phosphorous 
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concentration for this watershed was 0.017 mg/L as indicated in the Frederic County Stream 
Survey 2008-2011 Report. This report also states that 80 percent of stream samples had “low 
(<0.025 mg/L)” phosphorous concentrations, and the remaining 20 percent had “moderate 
(0.025-0.070 mg/L)” phosphorous concentrations. 
 

3.6.4. Restoration Projects 

Prepared for submission to MDE, the County’s “Chesapeake Bay TMDL Analysis for Frederick 
County, Maryland” (16 July 2012) presents completed watershed restoration projects as of 
December 2010. For the Tuscarora Creek subwatershed, the following projects and load 
reductions were noted:   
 
 Urban grass buffer at Monocacy Elementary School completed in 2007  

o Nitrogen Reduction = 0.87 lbs/yr 
o Phosphorous Reduction = 0.06 lbs/yr 
o Sediment/Total Suspended Solids  = 22.90 lbs/yr 
o Treated Impervious Area = 0.25 acres 

 Rain garden at Brook hill United Methodist Church completed in 2007 
o Nitrogen Reduction = 0.24 lbs/yr 
o Phosphorous Reduction = 0.21 lbs/yr 
o Sediment/Total Suspended Solids  = 23.48 lbs/yr 
o Treated Impervious Area = 0.50 acres 

 Urban forest buffer at Cloverhill completed in 2006 
o Nitrogen Reduction = 31.48 lbs/yr 
o Phosphorous Reduction = 1.42 lbs/yr 
o Sediment/Total Suspended Solids  = 577.18 lbs/yr 
o Treated Impervious Area = 6.30 acres 
 

3.6.5. Summary of Tuscarora Creek 

Based upon VERSAR’s 2008-2011 Frederick County Stream Survey study (VERSAR 2013), the 
Tuscarora Creek subwatershed was rated as: Partially Degraded for physical habitat; Fair for 
Benthic Index of Biotic Integrity; Low for total nitrogen; and Low for total phosphorus.  At one 
station, buffer width appeared to be correlated with a degraded physical habitat score. 
 

3.7. Glade Creek Subwatershed 

3.7.1. Overview 

Glade Creek is the only Upper Monocacy subwatershed located east of the Monocacy River. It 
has a large proportion of prime agricultural soils and underlying karstic conditions. It is 
surrounded by considerable new developments near the growing Walkersville area, and small, 
unincorporated rural village areas around New Midway. This watershed encompasses 23 square 
miles and is composed of approximately 78 percent agriculture, 7 percent forest, and 15 percent 
urban land cover (Frederick County DPW, 2013). 
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3.7.2. Biology 

The mean PHI habitat score for this watershed was the lowest of the six subwatersheds, with a 
score of 55.6 out of 100 (VERSAR, 2013). Twenty percent of stream miles sampled were in the 
“partially degraded” category, 60 percent were in the “degraded” category, and 20 percent were 
in the “severely degraded” category. The mean benthic IBI for the Glade Creek watershed was 
reported to be 2.25 on a 1-5 scale (VERSAR, 2013). Ninety percent of stream miles sampled 
along Glade Creek were categorized in the “poor” BIBI category, while the remaining 10 percent 
were categorized as “very poor”. The Glade Creek watershed had the lowest BIBI and PHI 
scores in the larger Upper Monocacy watershed (VERSAR, 2013). 
 
Data from the Frederick County Stream Survey Report from 2008-2011 shows that the average 
size of riparian buffers of stream miles sampled is 61 meters. Seventy percent of stream buffers 
were greater than 60 meters and the remaining 30 percent were less than 15 meters. Erosion 
scores showed 10 percent of stream miles sampled were in the “no erosion” category, 70 percent 
in the “mild” category, 10 percent in the “moderate” category, and 10 percent in the “severe” 
category. The mean erosion score for the Glade Creek watershed was 1.9 on a 1 through 4 scale 
(VERSAR, 2013). 
 

3.7.3. Chemistry 

The mean total nitrogen concentration in the Glade Creek watershed was reported to be 7.98 
mg/L. Thirty percent of the stream miles sampled were in the “moderate (1.5-7.0 mg/L)” 
category, while 70 percent were in the “high (>7.0 mg/L)” category. Phosphorous levels in this 
creek were 50 percent “moderate (0.025-0.070 mg/L)” and 50 percent “high (>0.070 mg/L).” 
This was the only subwatershed in Frederick County with no stream miles in the “low (<0.025 
mg/L)” category for total phosphorus. The mean phosphorous concentration was 0.12 mg/L. 
These measured concentrations indicate the nitrogen and phosphorous levels in Glade Creek are 
the highest in the larger Upper Monocacy watershed (VERSAR, 2013). 
 

3.7.4. Restoration Projects 

Prepared for submission to MDE, the County’s “Chesapeake Bay TMDL Analysis for Frederick 
County, Maryland” (16 July 2012) presents completed watershed restoration projects as of 
December 2010. For the Glade Creek subwatershed, the following projects and load reductions 
were noted:    
 
 Wetland at Fountainrock Park completed in 2009 

o Nitrogen Reduction = 1.16 lbs/yr 
o Phosphorous Reduction = 0.30 lbs/yr 
o Sediment/Total Suspended Solids  = 122.75 lbs/yr 
o Treated Impervious Area = 1.00 acres 
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3.7.5. Summary of Glade Creek Subwatershed 

 
Based upon VERSAR’s 2008-2011 Frederick County Stream Survey study (VERSAR 2013), the 
Glade Creek subwatershed was rated as: Degraded for physical habitat; Poor for Benthic Index 
of Biotic Integrity; High for total nitrogen (>7.0 mg/L); and High for total phosphorus (>0.07 
mg/L).  Most of the monitored stream stations had poor scores for both habitat and benthic 
community metrics. Poor habitat and benthic community scores were reported even when 
riparian buffer width scores were >60 meters (VERSAR 2013). 
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Figure 3-1 Subwatersheds within the Upper Monocacy River Watershed in Frederick 
County, Maryland 
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Table 3-1. Upper Monocacy River Subwatersheds 

Subwatershed Approximate Square Miles 

Fishing Creek 25 
Glade Creek 23 
Hunting Creek 44 
 Owens Creek 46 
Toms Creek 47 
Tuscarora Creek 18 
Source: VERSAR 2013 

 
 

Table 3-2. Thresholds for condition classes (Marginally Degraded, Partially Degraded, 
Degraded, Severely Degraded) for Physical Habitat Indicator (PHI) scores in accordance 

with MBSS 

Condition Class PHI Range Description (Roth et al. 1999) 

Marginally Degraded 81 – 100 
Comparable to reference streams considered to be minimally 

impacted. 

Partially Degraded 66-80 
Comparable to reference conditions, but some aspects of 

biological integrity may not resemble the qualities of 
minimally impacted streams. 

Degraded 51-65 
Significant deviation from reference conditions, with many 

aspects of biological integrity not resembling the qualities of 
minimally impacted streams. 

Severely Degraded 0-50 
Strong deviation from reference conditions, with most aspects 

of biological integrity not resembling the qualities of 
minimally impacted streams. 

Source: VERSAR 2013 

 
 

Table 3-3. Percentage of stream miles in Physical Habitat Indicator (PHI) classes and 
watershed mean scores for FCSS (2008-2011)  

Watershed 
Marginally 
Degraded 

Partially 
Degraded Degraded 

Severely 
Degraded 

Mean PHI 
Score 

Fishing Creek 10 30 50 10 65.8 

Glade Creek 0 20 60 20 55.7 

Hunting Creek 40 30 20 10 73.9 

Owens Creek 30 40 20 10 70.3 

Toms Creek 10 50 20 20 64.3 

Tuscarora Creek 40 30 20 10 71.9 

Source: VERSAR 2013 
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Table 3-4. Thresholds for condition classes (Good, Fair, Poor, Very Poor) for Biotic 
Integrity (BIBI) scores in accordance with Maryland Biological Stream Survey (MBSS). 

Condition Class BIBI Range Description (Roth et al. 1999) 

Good 4.00 – 5.00 Comparable to reference streams considered to be minimally impacted. 

Fair 3.00 – 3.99 
Comparable to reference conditions, but some aspects of biological 

integrity may not resemble the qualities of minimally impacted 
streams. 

Poor 2.00 – 2.99 
Significant deviation from reference conditions, with many aspects of 
biological integrity not resembling the qualities of minimally impacted 

streams. 

Very Poor 1.00 – 1.99 
Strong deviation from reference conditions, with most aspects of 

biological integrity not resembling the qualities of minimally impacted 
streams. 

Source: VERSAR 2013 

 
 

Table 3-5. Percentage of stream miles in Biotic Integrity (BIBI) categories and sub 
watershed means for Frederick County Stream Survey (FCSS) (2008-2011)  

Watershed Good Fair Poor Very Poor Mean BIBI Score 

Fishing Creek 30 50 20 0 3.53 

Glade Creek 0 0 90 10 2.25 

Hunting Creek 20 60 10 10 3.38 

Owens Creek 50 40 0 10 3.63 

Toms Creek 10 50 40 0 3.1 

Tuscarora Creek 30 50 20 0 3.35 

Source: VERSAR 2013 

 
 

Table 3-6. Riparian width sum classes 
Category Riparian Width Sum 

1 ≤ 15 m 
2 15 m to ≤ 30 m 
3 30 m to ≤ 60 m 
4 > 60 m 

Source:  VERSAR 2013 

 
 

Table 3-7. Water quality thresholds (mg/L) for nutrients measured at  
sites sampled in the FCSS (Southerland et al. 2007) 

Parameter Low Moderate High 
Total Nitrogen < 1.5 1.5 – 7.0 > 7.0 
Total Phosphorus < 0.025 0.025 – 0.070 > 0.070 
Source:  VERSAR 2013 
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Table 3-8. Average land use in upstream catchments for the  
FCSS 2008-2011 (percentage of catchment area) 

Watershed Agriculture Forest Urban 
Fishing Creek 23.73 71.26 4.9 
Glade Creek 78.09 7.08 14.84 
Hunting Creek 7.67 84.47 7.6 
Owens Creek 31.94 60.62 7.36 
Toms Creek 46.55 43.2 9.55 
Tuscarora Creek 6.61 80.02 13.01 
Source: VERSAR, 2013 

 
 
 
Table 3-9. Percentage of stream miles in impervious land use categories and subwatershed 

mean values (based on catchments of the 200 FCSS sites) for the FCSS 2008-2011 

Watershed Sensitive Impacted 
Non-

Supporting 
Urban 

Drainage 
Mean Percent Impervious 

in Site Catchment 
Fishing Creek 100 0 0 0 2.78 
Glade Creek 100 0 0 0 3.49 
Hunting Creek 100 0 0 0 3.4 
Owens Creek 100 0 0 0 2.99 
Toms Creek 90 10 0 0 6.41 
Tuscarora Creek 100 0 0 0 3.34 
Source: VERSAR, 2013 
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4. POLLUTANT LOAD ANALYSIS TO ACHIEVE TARGETS 

4.1. Local TMDL Gap Analysis for Phosphorus and Sediment 

As discussed in Section 3.1.6, the Upper Monocacy River watershed has local TMDLs for 
phosphorus and sediment.  In its 2015 NPDES annual report, the County presented the calibrated 
disaggregated SW-WLAs derived from MAST for the phosphorus and sediment TMDLs derived 
using MAST and BayFAST modeling of the County Phase I MS4 land use categories (Table 4-
1).  MAST was also used to compute existing stormwater loads with a 2015 initial land use 
condition and BMP reductions from all BMPs built prior to 1 July 2015 (Table 4-2).  The MAST 
edge of stream (EOS) load results were used to access the local phosphorus and sediment 
TMDLs.  Results from the TMDL gap analysis are presented in Table 4-3, and show current 
progress toward achieving TMDL targets by comparing existing loads to their corresponding 
SW-WLA.   
 

4.2. Local TMDL Gap Analysis for E. coli 

MDE developed a TMDL for E. coli in the Upper Monocacy that was approved by EPA in 2009 
that assigns an aggregate urban stormwater WLA with 2004 baseline of 37,961 billion MPN/yr.  
In its 2015 annual NPDES report, the County presented a disaggregated MS4 WLA of 26,031.3 
billion MPN/yr based on the 69% proportion of MS4 urban land area to total urban land area 
(Table 4-1).  The progress toward achieving the E. coli TMDL was accessed using the County’s 
WTM model version 1.0 to estimate current (i.e., 2015) E. coli loads to stormwater within the 
watershed.  The current E. coli loads are summarized in Table 4-4, which includes primary 
sources from 9,758.8 acres of urban land use, estimated SSO loads from 101.3 miles of sanitary 
sewer, and load reductions from 23.4 miles of existing riparian buffer.  A comparison of the 
calibrated disaggregated SW-WLA and the current load is presented in Table 4-5. 
 

4.3. Chesapeake Bay TMDLs 

While not a requirement in the County’s MS4 permit, restoration strategies to meet local TMDL 
reduction targets and impervious restoration treatment were also modeled against the Bay TMDL 
goals in order to calculate progress. The County’s MS4 permit is requiring compliance with the 
Chesapeake Bay TMDL through treating 20% of the untreated baseline impervious surface by 
the end of the permit cycle.  However, Frederick County has legally challenged MDE’s 
definition of the MS4 boundary, and this issue is currently being litigated in Frederick Circuit 
Court (case number 10-C-15-000293).  Therefore, there is no accepted MS4 impervious surface 
baseline for which to estimate the 20% impervious surface treatment target.  The County 
completed a preliminary impervious surface analysis for its 2015 annual NPDES report, which 
includes an estimate of the treated and untreated imperious surfaces within the watershed 
(Figure 4-1 and Table 4-6).  The County’s impervious surface assessment was used to estimate 
the 20% impervious surface treatment requirement, and to prioritize new water quality treatment 
projects as described in Section 5.   
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In addition to the impervious surface assessment, the progress toward achieving the Chesapeake 
Bay TMDLs was accessed by conducting a TMDL gap analysis using MAST with a 2010 
baseline and 2015 as the progress year.  BMP reductions were included in the MAST model 
using the BMPs summarized in Table 4-2.  Results of the Chesapeake Bay TMDL gap analysis 
are presented in Table 4-7. 
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Table 4-1 Approved Local TMDLs for the Upper Monocacy River Watershed (HUC No. 02140303) in  
Frederick County, Maryland 

TMDL 
Baseline County 

Phase I MS4 Land 
Use (ac) 2 

2015 County Phase 
I/II MS4 Land Use 

(ac) 3 

Pollutant 
WLA 
Type 

Baseline 
Year 

Load 
Units 

Calibrated 
Disaggregated 
County MS4 

Baseline  
Load 1 

MDE 
Published
Reduction

(%) 

Calibrated 
Disaggregated 
County MS4 
SW-WLA 1 P

re
-B
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P
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Phosphorus Individual 2009 Lbs/yr 6,386.5 4% 6,131.0 879.2 6,653.8 

1,056.9 7,803.8 
Sediment Aggregate 2000 Lbs/yr 2,376,268.0 49% 1,211,896.7 764.4 5,434.0 
E. coli Aggregate 2004 Billion 

MPN/yr 
2,470,131.1 97% 26,031.3 

841.1 5,828.6 

1. Values for phosphorus and sediment obtained from Table 13 of Frederick County’s 2015 NPDES Annual Report.  Values for E. coli obtained from Table 12 
Frederick County’s 2015 NPDES Annual Report. 
2. Values from MAST using County Phase I MS4 land use acres for the corresponding baseline year. 
3. Obtained from MAST using 2015 revised 10/2014 initial conditions and BMPs with built date prior to 1 July 2015. 
 
  



  
 
 
 

 
  Page 29  5 May 2017 

 
Table 4-2 Summary of Existing BMPs Built Prior to 1 July 2015 in the MS4 Portion of the Upper Monocacy River Watershed 
in Frederick County, Maryland 

BMP Type 

County MS4 Land Use (ac) 
Baseline Year 

2000 
Baseline Year 

2004 
Baseline Year 

2009 
Baseline Year 

2010 
Current Year 

2015 
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P
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P
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Bioretention/raingardens 
- A/B soils, underdrain 

0.00 0.00 0.00 0.00 1.23 2.58 1.23 2.58 4.55 3.17 

Dry Detention Ponds 
and Hydrodynamic 
Structures 

9.58 86.79 9.58 86.79 9.58 86.79 9.58 86.79 9.58 86.79 

Dry Extended Detention 
Ponds 

23.32 163.10 23.32 163.10 24.79 229.01 24.79 229.01 26.41 229.45

Filtering Practices 0.31 61.46 0.31 61.46 6.67 77.09 6.67 77.09 6.67 77.09 

Infiltration Practices 
without Sand, Veg. - 
A/B soils, no underdrain 

11.08 39.45 11.08 39.45 11.08 39.45 11.08 39.45 11.08 39.45 

Wet Ponds and Wetlands 17.43 130.68 17.43 130.68 27.15 190.21 27.15 190.21 27.15 190.21
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Table 4-3 Phosphorus and Sediment Local TMDL Gap Analysis for the Upper Monocacy River Watershed (HUC No. 
02140303) in Frederick County, Maryland 

TMDL TMDL Gap Analysis 

Pollutant Load Units 
Calibrated 

Disaggregated 
County MS4 WLA 1 

Existing Land 
Use Load 2 

Existing BMP 
Reductions 2 

Current 
Load 

(2015) 3 
TMDL Gap 5 

Phosphorus EOS-Lbs/yr 6,131.0 7,750.8 235.1 7,515.7 1,384.7 
Sediment EOS-Lbs/yr 1,211,896.7 3,651,485.2 166,293.4 3,485,191.8 2,273,295.1 

1.  Obtained from Table 13 of Frederick County NPDES Annual Report (Frederick County 2015) 
2.  Obtained from MAST using 2015 revised 10/2014 initial conditions and BMPs with built date prior to 1 July 2015. 
3.  Obtained from Table 15 of Frederick County NPDES Annual Report (Frederick County 2015) 
3.  TMDL Gap = Current Load - Calibrated Disaggregated County MS4 WLA 
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Table 4-4 Summary of Frederick County WTM Model of Existing E. coli Loads in Urban 
Stormwater for the Upper Monocacy River Watershed (HUC No. 02140303) in Frederick 
County, Maryland 

WTM Source Type 
WTM 

Land Use 
Acres 

Loading Rate 
(Billion 

MPN/yr/acre)

Loading 
(Billion 

MPN/yr) 

LDR (<1du/acre) 7,139.7 185.5 1,324,563.1 
MDR (1-4 du/acre) 1,084.5 254.8 276,343.0 
HDR (>4 du/acre) 10.8 295.2 3,179.8 
Multifamily 0.0 387.6 0.0 
Vacant Lots 716.5 183.2 131,277.3 
Commercial 243.6 653.3 159,157.1 
Institutional 540.3 595.5 321,751.7 
Roadway 0.0 595.5 0.0 
Industrial 23.5 537.8 12,616.8 
SSOs 2 242,664.7 
Reductions from Management Practices 3  1,422.0 
Total Current Load  2,470,131.4 

1.  Values for obtained from Frederick County's WTM version 1.0. 
2.  Based on 101.9 miles of sanitary sewer, 140 SSOs/1,000 miles of sewer, 90,000 gal/SSO, and 50% of SSO into 
stormwater 
3.  Based on 23.4 miles of riparian buffers with average width of 35 feet. 
 
 
Table 4-5 E. coli Local TMDL Gap Analysis for the Upper Monocacy River Watershed 
(HUC No. 02140303) in Frederick County, Maryland 

TMDL TMDL Gap Analysis 

Pollutant 
Load 
Units 

Calibrated 
Disaggregated 
County MS4 

WLA 1 

Current 
Primary 
Sources 2 

Current 
BMP 

Reductions 
2 

Current 
Load 2 

TMDL  
Gap 5 

E. coli Billion 
MPN/yr 

26,031.3 2,471,553.4 1,422.3 2,470,131.1 2,444,099.8 

1.  Obtained from Table 12 of Frederick County’s 2015 NPDES Annual Report. 
2.  Current MS4 Stormwater load for E. coli obtained from Frederick County WTM model version 1.0 as sum of 
urban and SSO primary sources minus reductions from 101.9 miles of existing riparian buffer. 
5.  TMDL Gap = Current Load - Calibrated Disaggregated County MS4 WLA 
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Table 4-6 Estimated MS4 Impervious Surface Baseline for the Upper Monocacy River 
Watershed (HUC No. 02140303) in Frederick County, Maryland 

Estimated Impervious Surface Baseline 1 

Total 
MS4 
Acres 

Impervious 
Acres 

Untreated 
Impervious 

Acres 

TMDL 
Reduction 

Target 

TMDL 
Target for 
Treatment 

(acres) 

54,132.7 6,567.3 3,796.6 20% 759.3 

1. Analysis based on preliminary impervious surface assessment conducted by  
Frederick County in 2015. 
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Table 4-7 Chesapeake Bay TMDL Gap Analysis for the Upper Monocacy River Watershed (HUC No. 02140303) in Frederick 
County, Maryland 

TMDL TMDL Gap Analysis 

Pollutant 
EOS 

or 
DEL 

Load 
Units 

Calibrated 
2010 

Baseline 
Load 1 

Target 
Percent 

Reduction 2 

Calibrated 
Disaggregated 
County MS4 

WLA 3 

Existing 
Land Use 

Load 4 

Existing 
BMP 

Reductions 4 

Current 
Load 

(2015) 4 

TMDL 
Gap 5 

Nitrogen 
EOS Lbs/yr 159,964.0 10.9% 142,527.9 192,043.6 3,968.7 188,074.9 45,546.9 

DEL Lbs/yr 66,825.3 10.9% 59,541.4 80,952.9 1,670.7 79,282.2 19,740.8 

Phosphorus 
EOS Lbs/yr 6,353.2 20.7% 5,038.0 7,750.8 235.1 7,515.7 2,477.7 

DEL Lbs/yr 2,980.5 20.7% 2,363.5 3,636.2 110.3 3,525.9 1,162.4 

Sediment 
EOS Lbs/yr 2,824,444.6 - - 3,651,485.2 166,293.4 3,485,191.8 - 

DEL Lbs/yr 1,829,938.7 - - 2,365,772.9 107,719.4 2,258,053.5 - 

1. Obtained from MAST using 2010 revised 10/2014 initial conditions and BMPs with built date prior 2011. 
2. Percent reductions assigned to Frederick County Phase I MS4 stormwater sector (http://wlat.mde.state.md.us/ByMS4.aspx).  If TP target is met, TSS target 
will be met. 
3. Calibrated Disaggregated County MS4 WLA computed as Baseline Load * (1 - %Reduction/100) 
4. Obtained from MAST using 2015 revised 10/2014 initial conditions and BMPs with built date prior to 1 July 2015. 
5. TMDL Gap = Calibrated Disaggregated County MS4 WLA - Current Load 
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5. POLLUTANT LOAD ANALYSIS OF PROPOSED PROJECTS 

A desktop analysis was conducted to identify project opportunity sites within Frederick County 
that would result in impervious acre and/or pollutant load reductions.  The desktop analysis was 
performed by evaluating GIS layers provided by Frederick County, including impervious areas, 
impervious areas currently treated by existing BMPs, and impervious areas not being treated.  
The following subsections discuss the desktop analysis methodology, proposed project 
opportunity sites identified and the ground-truthing effort to refine the selection of project 
opportunity sites, and a summary of the final projects selected that would achieve impervious 
acre and/or pollutant load reduction goals. 
 

5.1. Desktop Analysis Methodology 

The desktop analysis to identify project opportunity relied on the GIS layers provided by 
Frederick County, as described in Section 2.1, and listed below for reference. 
 

1. County MS4 layer 
2. County MS4 Impervious surfaces layer (treated and untreated) 
3. County MS4 Pervious surface layer 
4. Existing BMP data layer 
5. Land use/land cover layer 
6. Storm drain system & outfalls 
7. Orthoimagery 

 
The County MS4 layer provided the physical boundaries where project opportunity sites could 
be added and would be accounted for in meeting water quality goals.  The impervious surfaces 
layer delineated which areas throughout the County MS4 are considered impervious, and the 
existing BMPs layer and associated BMP drainage areas presented the currently treated 
impervious areas.  Figure 4-1 depicts the County MS4, impervious surface, surfaces treated by 
existing BMPs, and untreated impervious surfaces. 
 
In addition to the untreated impervious surfaces layer, Frederick County also provided an 
untreated impervious surface layer.  This layer was evaluated to identify areas with a high 
density of untreated impervious areas that could be potentially treated by new projects.  
Opportunity sites with untreated impervious surface were evaluated for their potential to support 
environmental site design (ESD)/runoff reduction (RR) and stormwater treatment (ST) practices 
that provide the maximum impervious acre treated equivalent and/or load reduction.  In addition, 
areas outside the MS4 were evaluated for potential alternative BMPs such as stream restoration 
and tree plantings.  Although these alternative BMPs sites are not located in the MS4, water 
quality improvement projects that are approved by MDE could be used to claim TMDL credits 
toward the MS4 SW-WLA. 
 
A pollutant load analysis was conducted for nitrogen, phosphorus, and sediment using MDE’s 
2014 guidance Accounting for Stormwater Wasteload Allocations and Impervious Acres Treated.  
Table 5-1 summarizes the sediment and nutrient removal rates for ESD/RR and ST practices 
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based as a function of runoff depth treated, which was assumed to be 1.0 inches for the pollutant 
load evaluation.  The load reduction efficiencies for the alternative tree planting and stream 
restoration BMPs were provided by MDE (2014), and are presented in Table 5-2.  Load 
reductions for tree plantings are based on the conversion of land cover from its urban pervious to 
forest, whereas the load reduction for stream restoration is based on the linear feet of stream 
restored.  Load reductions were also estimated for E. coli bacteria using the land use loads and 
BMP reduction efficiencies obtained from the Fredrick county WTM version 1.0 as summarized 
in Table 4-4 and Table 5-3. 
 

5.2. Project Opportunity Sites 

Using the untreated County MS4 impervious surface layer and the most current aerial imagery 
available, 8 opportunity sites were identified as candidates for new structural stormwater BMPs, 
and 9 opportunity sites were identified for stream restoration and/or tree plantings (Figure 5-1).  
In total, approximately 30 potential project opportunity sites were identified including, 
conservation areas, micro-bioretention areas, stormwater management ponds, and stream 
restoration sections.  Table 5-4 lists the project opportunity sites and provides a short description 
of potential new projects. 
 
In order to determine which of the potential new projects were feasible for implementation, each 
site was visited and the proposed project(s) were field verified for their general engineering 
feasibility and potential to treat impervious surface and/or provide TMDL credits.  The field 
verifications were visual surveys, and did not include hydrology and hydraulic studies, or 
surveying. Utility evaluations were based on available GIS data and what was visually apparent 
during the site visit.   
 
The results of the field visits were used to refine the list of potential projects, and to provide 
estimated project footprints and associated drainage areas.  For each of the field verified projects, 
a 15% concept design was developed that included a GIS site map delineating the footprint and 
drainage area of the BMP, a description of the BMP, WQv, impervious surface treated, TMDL 
credits, and planning level design and construction cost.  Table 5-5 presents the final list of new 
project opportunities in order of priority, and includes the impervious acre credit, TMDL credits, 
and planning level cost estimate.  The location of the proposed projects is summarized in Figure 
5-2, and detailed site-specific fact-sheets providing complete descriptions of each of the project 
opportunity sites is included in Appendix A. 
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Table 5-1 Removal Rates for ESD/RR and ST Practices 1 

Runoff 
Depth 

Treated 
(inches) 

TSS TP TN 

ESD/RR ST ESD/RR ST ESD/RR ST 
0 0% 0% 0% 0% 0% 0% 

0.25 40% 37% 38% 29% 32% 19% 
0.5 56% 52% 52% 41% 44% 26% 

0.75 64% 60% 60% 47% 52% 30% 
1 70% 66% 66% 52% 57% 33% 

1.25 76% 71% 70% 55% 60% 35% 
1.5 80% 74% 74% 58% 64% 37% 

1.75 83% 77% 77% 61% 66% 39% 
2 86% 80% 80% 63% 69% 40% 

2.25 88% 83% 82% 65% 71% 41% 
2.5 90% 85% 85% 66% 72% 42% 

TP:  Total Phosphorus 
TSS:  Total Suspended Sediment 
TN:  Total Nitrogen 
ESD:  Environmental Site Design 
RR:  Runoff Reduction 
ST:  Stormwater Treatment Practices 
1. BMP reduction efficiencies obtained from MDE in Accounting for Stormwater Wasteload Allocations and 

Impervious Acres Treated (MDE 2014). 
 
Table 5-2 Load Reductions Efficiencies and Impervious Acre Equivalents for  
Alternative BMPs 

        Load Reduction Efficiency 1 

BMP 
Type 

BMP Description 
BMP 
Unit 

Impervious 
Acre 

Equivalent 
TN TP TSS Units 

FPU 
Urban Tree 
Planting  

acres 
planted 

0 66% 77% 57% 
% of Land Use 
Load 

STRE Stream restoration 
linear 
feet 

0.01 0.075 0.068 45 
lbs per linear 
feet 

FPU:  Tree Planting 
STRE:  Stream Restoration 
TN:  total Nitrogen 
TP: Total Phosphorus 
TSS: Total Suspended Sediment 
1. Removal efficiencies obtained from MDE (2014) 
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Table 5-3 BMP Reduction Efficiencies for E. coli Bacteria 

MDE BMP 
Class 

MDE BMP 
Type Code BMP Description 

Percent E. coli 
Reduction 1 

Alternative (A) FPU 
Urban Tree Planting on 
Pervious Surface 94% 

ESD (E) MMBR Micro-Bioretention 50% 
ESD (E) MRNG Rain Garden 0% 
ESD (E) MSWB Bioswale 0% 
ESD (E) MSWG Grass Swale 0% 
Alternative (A) STRE Stream Restoration 0% 

1. From Frederick County WTM version 1.0. 
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Table 5-4 Proposed Best Management Practices for the Upper Monocacy River Watershed in Frederick County, Maryland 

Opportunity Site Identifier Description of Project Opportunity Property Address 

Frederick Community College 

Convert area to Conservation Area collecting sheet flow from parking 
lot. 

7932 F Oppossumtown Pike Frederick, MD 
21702 

Install tree boxes along edge of parking lot to collect and treat runoff. 7932 F Oppossumtown Pike Frederick, MD 
21702 

Convert curbs/swales to micro-bioretention. 7932 F Oppossumtown Pike Frederick, MD 
21702 

Convert grassy/gravel median between and at end of parking spaces to 
bioretention. 

7932 E Oppossumtown Pike Frederick, MD 
21702 

Restore depression into functional SWM Pond. 7932 E Oppossumtown Pike Frederick, MD 
21702 

Convert grassy/gravel median between and at end of parking spaces to 
bioretention. 

7932 E Oppossumtown Pike Frederick, MD 
21702 

Waterside Community in 
Frederick 

Create rooftop disconnection into open space area. 8025 Captains Court Frederick, MD 21701 to  
8017 Admiralty Place Frederick, MD 21701 

Create rooftop disconnection into open space area. 7980 Parkland Place Frederick, MD 21701 to 
8274 Waterside Court Frederick, MD 21701 

Rain Barrels and rain gardens at each property. Entire Waterside Community in Frederick 

Sabillasville Elementary School 

Install tree boxes to collect and treat runoff from parking lot. 16210 B Sabillasville Rd Sabillasville, MD 
21780 

Convert area to conservation area or disconnection to receive runoff. 16210 B Sabillasville Rd Sabillasville, MD 
21780 

Install tree boxes to collect and treat runoff from parking lot. 16210 B Sabillasville Rd Sabillasville, MD 
21780 

Convert grassy area to bioretention. 16210 B Sabillasville Rd Sabillasville, MD 
21780 

Emmitsburg Branch Library 
Convert area into conservation or disconnection area. 300 AS Seton Avenue Emmitsburg, MD 21727 
Convert/Install tree boxes and/or micro-bioretention. 300 AS Seton Avenue Emmitsburg, MD 21727 

Poplar Knob Community 
Convert driveways to permeable pavement; install rain barrels on 
properties. 

Entire Poplar Knob Community 

Yellow Springs Elementary 
School 

Create multiple rooftop disconnections. 8717 Yellow Springs Road 
Create non-rooftop disconnection and/or conservation area (if large 
enough). 

8717 Yellow Springs Road 

Micro-bioretention collecting runoff from parking lot. 8717 Yellow Springs Road 
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Opportunity Site Identifier Description of Project Opportunity Property Address 
Install tree boxes to collect runoff from parking lots. 8717 Yellow Springs Road 

Frederick County Public Schools 
Install SWM Pond. 7446 Hayward Road Frederick, MD 21702 
Install micro-bioretention or grass swale. 7446 Hayward Road Frederick, MD 21702 

Board of Education of Frederick 
Install bio-swale, bioretention, or SWM Pond. 33 Thomas Johnson Drive Frederick, MD 21702 
Install bio-swale or bioretention. 33 Thomas Johnson Drive Frederick, MD 21702 
Install tree boxes. 33 Thomas Johnson Drive Frederick, MD 21702 

Site 2 

A network of farm roads cross Flat Run at four separate locations.  
Appropriate stream crossings and stream restoration may be 
appropriate for this site. 

100 Creamery Court, Emmitsburg, MD 21727-
0346 
10317 Taneytown Pike Emmitsburg, MD 21727-
000 
10515 Taneytown Pike, Emmitsburg, MD 21727 

Site 3 

Approximately 2,300 ft of Beaver Branch between the Old Main 
Street/Rocky Ridge Road crossing and Old Mill Road.  Redland Brick, 
a brick manufacturer, is located along this reach of Beaver Branch.  
Potential stream restoration at this site includes restoration at the Old 
Main Street/Rocky Ridge Road crossing and replacement of the 
instream structure located on the Redland Brick property. 

9902D Rocky Ridge Rd, Rocky Ridge, MD 
21778-8808 
9801 Rocky Ridge Rd, Rocky Ridge, MD 21778 
9465 Old Mill Rd, Rocky Ridge, MD 21778 

Site 4 

A 6,000 ft reach of an unnamed tributary to the Monocacy River 
between Hiney Road and Detour Road.  Based on a review of aerial 
and infrared imagery, this reach of the unnamed tributary to the 
Monocacy River appears to have no buffer riparian buffer and is very 
sinuous which indicates the channel is likely incised and disconnected 
from its floodplain. 

12354A Detour Rd Keymar, MD 21757 
12357B Legbore Rd Keymar, MD 21757 
12443 Legbore Rd Keymar, MD 21757-8433 
12515 Hiney Rd, Keymar, MD 21757 
12755 Hiney Rd Keymar, MD 21757 
12702 Hiney Rd Keymar, MD 21757 

Site 5 

Approximately 6,900 ft of Muddy Run between Hansonville Road and 
its confluence with the Monocacy River.  Based on a review of aerial 
and infrared imagery, this reach of Muddy Run appears to have little 
riparian buffer and is very sinuous which indicates the channel is 
likely incised and disconnected from its floodplain. 

9535 Hansonville Rd Frederick, MD 217019511-
A Hansonville Rd Frederick, MD 21701-
19009511-B Hansonville Rd Frederick MD 
21701-19069513 Hansonville Rd Frederick, MD 
217019515 Hansonville Rd Frederick, MD 
21701-19069517 Hansonville Rd Frederick, MD 
217019703 Hansonville Rd Frederick, MD 
217029201 Catoctin Mountain Highway 
Frederick, MD 217019501 Catoctin Mountain 
Highway Frederick, MD 21701 
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Opportunity Site Identifier Description of Project Opportunity Property Address 

Site 6 

A 1,000 ft reach of Tuscarora Creek and approximately 6 acres of 
potential tree planting adjacent to the creek.  Based on a review of 
aerial and infrared imagery, this reach of Tuscarora Creek appears to 
have little riparian buffer and is very sinuous which indicates the 
channel is likely incised. 

6802 Sundays Ln, Frederick, MD 21702 

Site 7 

Approximately 5,500 ft of an unnamed Tributary to Owens Creek.  
This reach of the tributary has little to no riparian buffer and is highly 
sinuous which indicates the creek is potentially incised.  The tributary 
makes a nearly 90 degree turn before flowing under Apple Church 
Road which may indicate flooding and erosion issues 

8124 Apples Church Rd, Thurmont, MD 21788 
 
8428 Apples Church Rd, Thurmont, MD 21788 
8534 Apples Church Rd, Thurmont, MD 21788 

Site 8 

A possible lagoon or an unnamed tributary to Toms Creek located 
along Simons Road, tree planting located in the northern portion of the 
property and a second, small unnamed tributary to Toms Creek near 
the tree planting area.  The land proposed for tree planting is 
approximately 9 acres and does not appear to be used for agricultural 
purposes. 

10544 Keysville Rd, Emmitsburg, MD 21727 
16106 Four Points Bridge Rd Emmitsburg, MD 
21727-8423 
16200 Four Points Bridge Rd Emmitsburg, MD 
21727 

Site 9 

Approximately 20 acres of open area surrounding Tuscarora Creek.  
The site is surrounding by agricultural fields and neighborhoods.  
Tuscarora Creek flows through the site before its confluence with the 
Monocacy River.  Potential restoration activities at the site include 
Tree planting as well as stream restoration.  Tuscarora Creek between 
US 15 and the Monocacy River may also be a potential stream 
restoration site and should be field verified. 

Trading Lane Frederick, MD 21701 

Site 10 

Emmitsburg Waste Water Treatment Plant property.  The Toms River 
flows along the edge of the property and approximately 9 acres of 
open land exists between the treatment facility and the Toms River.  
The portion of the Toms River that flows through the property has 
little to no riparian buffer and is a potential tree planting site. 

16683 Creamery Rd, Emmitsburg, MD 21727 
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Table 5-5 Proposed Best Management Practices for the Upper Monocacy Watershed in Frederick County, Maryland 

BMP ID 

MDE 
BMP 
Class 

1 

MDE 
BMP 
Type 

Code 2 BMP Units 

Impervious 
Acres 

Equivalent 

Sediment 
Removed 
(lbs/yr) 

Phosphorus 
Removed 
(lbs/yr) 

Nitrogen 
Removed 
(lbs/yr) 

E. coli 
Removed 

(Billion/yr) 

Planning 
Level Cost 

(2010$) 
Priority 
Ranking 

Site 9-2 A STRE 2871 ft 28.71 128902.29 195.22 215.32 -- 1,851,714 1
Site 8-2 A STRE 1026 ft 10.26 46067.24 69.77 76.95 -- 661,768 2
SES-TP-01 A FPU 0.89 ac 0.34 155.05 0.41 10.27 167.36 29,399 3
Site 9-1 A FPU 2.15 ac 0.82 373.74 0.99 24.74 403.41 70,864 4
Site 8-1 A FPU 4.00 ac 1.52 695.39 1.85 46.04 750.61 131,853 5
FCC-TB-07 E MMBR 0.64 ac 0.62 605.09 1.22 10.42 0.00 28,868 6
FCC-TB-08 E MMBR 0.63 ac 0.61 597.08 1.20 10.29 0.00 28,479 7
FCC-TB-05 E MMBR 0.73 ac 0.70 686.77 1.38 11.84 0.00 32,755 8
FCC-TB-06 E MMBR 0.57 ac 0.55 536.62 1.08 9.28 0.00 25,563 9
FCC-TB-04 E MMBR 0.16 ac 0.15 151.21 0.30 2.65 0.00 7,162 10
FCC-TB-02 E MMBR 0.17 ac 0.15 151.10 0.30 2.69 0.00 7,115 11
FCC-TB-01 E MMBR 0.13 ac 0.11 111.34 0.22 2.01 0.00 5,210 12
FCC-TB-03 E MMBR 0.23 ac 0.18 182.20 0.37 3.55 0.00 8,256 13
FCPS-BS-01 E MSWB 5.13 ac 4.60 4587.44 9.25 82.05 0.00 193,232 14
FCC-MBR-01 E MMBR 0.19 ac 0.14 142.94 0.29 2.82 30.47 6,441 15
FCPS-BS-02 E MSWB 1.86 ac 1.62 1625.23 3.28 29.50 0.00 68,049 16
BOE-GS-01 E MSWB 3.03 ac 2.57 2589.35 5.22 47.65 0.00 107,802 17
FCC-BR-02 E MMBR 0.37 ac 0.23 251.66 0.51 5.44 57.28 10,841 18
YSES-RG-03 E MRNG 0.32 ac 0.18 198.74 0.40 4.55 0.00 8,291 19
FCC-BR-01 E MMBR 0.51 ac 0.28 313.91 0.64 7.30 75.38 12,982 20
YSES-RG-01 E MRNG 0.25 ac 0.13 149.94 0.30 3.51 0.00 6,179 21
SES-BR-01 E MRNG 2.12 ac 0.94 1133.77 2.31 29.12 0.00 43,970 22
YSES-RG-04 E MRNG 0.41 ac 0.17 210.93 0.43 5.58 0.00 8,007 23
YSES-RG-02 E MRNG 0.66 ac 0.22 295.61 0.61 8.67 0.00 10,324 24
SES-RG-01 E MRNG 0.31 ac 0.10 136.77 0.28 4.04 0.00 4,747 25
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Table 5-5 Proposed Best Management Practices for the Upper Monocacy Watershed in Frederick County, Maryland 
(continued) 

BMP ID 

MDE 
BMP 
Class 

1 

MDE 
BMP 
Type 

Code 2 BMP Units 

Impervious 
Acres 

Equivalent 

Sediment 
Removed 
(lbs/yr) 

Phosphorus 
Removed 
(lbs/yr) 

Nitrogen 
Removed 
(lbs/yr) 

E. coli 
Removed 

(Billion/yr) 

Planning 
Level Cost 

(2010$) 
Priority 
Ranking 

PK-RG-02 E MRNG 0.34 ac 0.09 130.28 0.27 4.35 0.00 3,993 26.5
PK-RG-01 E MRNG 0.30 ac 0.07 113.17 0.23 3.78 0.00 3,468 26.5
FCC-GS-02 E MSWG 1.41 ac 0.82 909.08 1.85 20.34 0.00 19,675 28
PK-BS-01 E MSWB 2.96 ac 0.83 1201.47 2.47 38.24 0.00 34,764 29
FCPS-GS-01 E MSWG 0.46 ac 0.25 286.07 0.58 6.59 0.00 6,091 30
PK-BS-02 E MSWB 1.23 ac 0.31 471.42 0.97 15.74 0.00 12,945 31
FCC-GS-01 E MSWG 0.18 ac 0.08 95.27 0.19 2.48 0.00 1,876 32
PK-GS-01 E MSWG 1.94 ac 0.48 740.27 1.53 24.72 0.00 11,616 33
PK-GS-03 E MSWG 0.13 ac 0.03 48.47 0.10 1.62 0.00 761 34
PK-GS-02 E MSWG 0.35 ac 0.09 133.20 0.27 4.45 0.00 2,090 35
SES-GS-01 E MSWG 3.26 ac 0.81 1241.94 2.56 41.57 0.00 19,434 36

1. As defined by MDE in Accounting for Stormwater Wasteload Allocations and Impervious Acres Treated (MDE 2014). E = ESD/RR BMPs; A = 
Alternative BMPs (MDE 2014) 

2. As defined by MDE in Accounting for Stormwater Wasteload Allocations and Impervious Acres Treated (MDE 2014). FPU = Urban Tree Planting on 
Pervious Surface; MMBR = Micro-Bioretention, MRNG = Rain Garden, MSWB = Bioswale, MSWG = Grass Swale, STRE = Stream Restoration 
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6. ESTIMATED COSTS OF IMPLEMENTATION 

Planning level cost estimates for structural BMPs and urban tree planting were developed using 
the design and, pre-construction, and construction unit costs reported by Table A in King and 
Hagen (2011) (Table 6-1), which reports costs in 2010 dollars (2010$).  Unit planning level 
costs for stream restoration projects were obtained from MAST (Table 6-1).  Planning level cost 
estimates for each of the proposed projects are presented in Table 5-3.  
 
7. PRIORITIZATION OF PROPOSED PROJECTS 

The proposed projects were then ranked based on a benefit cost ratio defined as the sum of 
impervious surface treated and TMDL credits divided by the planning level cost estimate: 
 

Benefit	Cost	Ratio
	 	 	 2 ∗

	 	 	 2010$
 

where 
 
TN Removal = estimated annual removal of total nitrogen (lbs/acre/yr) 
TP Removal = estimated annual removal of total phosphorus (tons/acre/yr) 
TSS Removal = estimated annual removal of total suspended sediment (lbs/acre/yr) 
IA = estimated impervious acre credit, which was weighted by a factor of 2. 
 
Table 5-3 presents the list of new project opportunities ranked in order of priority.   
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Table 6-1 Planning Level Unit Costs for Stormwater Best Management Practices (BMPs) 

MDE 
BMP 
Type 
Code 

BMP 
Description BMP Unit 

Pre-
Construction 

Costs 1 
Construction 

Costs 2 

Unit 
Planning 

Level Unit 
Cost (2010$) Source 

FPU 

Tree Planting on 
Pervious 
Surface acres planted $3,000 $30,000 $33,000 King and Hagen (2011) 

MMBR 
Micro-
Bioretention 

impervious acres 
treated $9,375 $37,500 $46,875 King and Hagen (2011) 

MRNG Rain Garden 
impervious acres 
treated $9,375 $37,500 $46,875 King and Hagen (2011) 

MSWB Bioswale 
impervious acres 
treated $12,000 $30,000 $42,000 King and Hagen (2011) 

MSWG Grass Swale 
impervious acres 
treated $4,000 $20,000 $24,000 King and Hagen (2011) 

STRE 
Stream 
Restoration 

linear foot of 
stream restored  --  -- $645 MAST 

1. Includes cost of site discovery, surveying, design, planning, permitting, etc. which, for various BMPs tend to range from 10% to 
40% of BMP construction costs. 

2. Includes capital, labor, material and overhead costs, but not land costs, associated implementation; for street sweeping includes only 
capital cost of mechanical sweeper.  Nutrient management construction costs refer to the cost of an outreach campaign, not to any 
construction costs. 
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8. PUBLIC EDUCATION AND PROGRAM OUTREACH 

The County has a strong interest in public education as an essential part of achieving the goals of 
these innovative watershed management programs.  Public education and outreach activities 
have been addressed in each of our NPDES annual reports.  The County’s Office of 
Sustainability and Environmental Resources (OSER) maintains a Watershed Management 
website (https://www.frederickcountymd.gov/518/Watershed-Management) that is regularly 
updated to include information on past and present activities of interest to the public.  This 
includes: Annual Reports for our MS4 activities; watershed reports which summarize the 
physical and biological condition of the County’s subwatersheds;  stream survey reports 
describing land use, habitat and water quality, and biological conditions; watershed maps; 
current stormwater and watershed management projects, community meetings, and other key 
Chesapeake Bay TMDL program documents. 
 
The “Neighborhood Green” program is a special initiative of Frederick County's Green Homes 
Challenge. OSER staff recently expanded the Neighborhood Green program to help landowners 
in the Upper Monocacy Brook Trout watersheds (e.g., Myersville, Thurmont, northwest 
Frederick) control storm water runoff and reduce pollutants from entering our local waterways 
by installing best management practices such as rain barrels, rain gardens, conservation 
landscaping, and tree plantings. The Neighborhood Green program initiative is funded by the 
U.S. Environmental Protection Agency and the National Fish and Wildlife Foundation. As noted 
on the website, applications from residents within the Upper Monocacy watershed are now being 
accepted for Neighborhood Green services and plantings for 2017.  The County’s goal is to 
expand this important program to other County MS4 watersheds.  

As described in previous Annual Reports, the Upper and Lower Monocacy Watershed 
Restoration Action Strategy (WRAS) Steering Committees developed the Monocacy & Catoctin 
Watershed Alliance (MCWA or the Alliance) in order to continue outreach begun during the 
Upper and Lower Monocacy WRAS efforts, and to begin implementation of the Monocacy 
WRAS plans.  County staff work with WRAS staff to coordinate activities. Periodic meetings 
each year enable attendees to discuss educational outreach opportunities as well as develop 
restoration and protection projects to support water quality and habitat initiatives. Partners 
involved in MCWA include but are not limited to:  
 
 Local Organizations  

- Audubon Society of Central Maryland  

- Catoctin and Frederick Soil Conservation Districts  

- Catoctin Forest Alliance  

- Frederick County Forest Conservancy District Board  

- Catoctin Land Trust  

- Frederick County Conservation Club  

- Frederick County Master Gardeners  

- Friends of Rural Roads of Frederick County  
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- Local Citizens  

- Bar-T Mountainside Challenge & Retreat Center  

 Regional Organizations  

- Potomac Conservancy  

- Potomac Watershed Partnership  

- Interstate Commission on the Potomac River Basin (ICPRB)  

- Center for Watershed Protection  

- Potomac Valley Fly Fishers, Inc.  

- Chesapeake Conservation Corps  

- Trout Unlimited  

- Pinchot Institute for Conservation  

- MD Chapter of the American Chestnut Foundation  
 
 Funding Agencies  

- Chesapeake Bay Trust  

- Alice Ferguson Foundation  

- Maryland Dept. of the Environment/U.S. EPA Clean Water Act Section 319(h) Program  

- Maryland Urban & Community Forestry Committee (MUCFC)  

- National Fish and Wildlife Foundation (NFWF)  

- Chesapeake & Atlantic Coastal Bays Trust Fund  

 Educational Institutions  

- Hood College  

- Mount Saint Mary’s University  

- University of Maryland Extension Office  

- Frederick County Public Schools (FCPS)  

 Government Organizations  

- The Former Frederick County Board of County Commissioners  

- The New Frederick County Council  
- Community Development Division  
- Office of Sustainability and Environmental Resources (OSER), Watershed  

Management Section  
- Comprehensive Planning  
- Development Review  
- Permits and Inspections  
- Division of Public Works  
- Division of Utilities and Solid Waste Management  
- Health Department, Environmental Health Section  
- Division of Parks and Recreation  
- Sustainability Commission  
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- Municipalities in Frederick County  
- Maryland Department of Natural Resources (MDNR) 
- Maryland Department of the Environment (MDE) 
- Cunningham Falls State Park  
- National Park Service (NPS) 
- U.S. Environmental Protection Agency (U.S. EPA) 
- U.S. Fish and Wildlife Service (U.S. F&WS) 
- U.S. Geological Survey (USGS) 
- Adams County (PA) SCD  
- Carroll County Bureau of Resource Management  

 
Public outreach efforts implemented by the MCWA included Alliance website updates 
(www.watershed-alliance.com) and E-newsletters. The Alliance website features articles 
covering six general topic areas: Protect, Restore, Enjoy, Connect, Educate, and Study. New 
articles in each section are posted regularly. The website also features other pages that provide 
answers to frequently asked questions, a calendar of events, links to various websites, 
information on how to report a problem, information on the watersheds of Frederick County, and 
publications. The articles available on the Alliance website are also featured in the OSER 
quarterly e-newsletter, expanding the Alliance’s reach to more than 2,200 County households 
and/or Alliance partners. 
 
As part of this watershed assessment for the Upper Monocacy, potential restoration projects were 
identified (see Section 5 for details).  EA communicated directly with County staff and residents 
about the goals of the program and their involvement in watershed protection.  The draft of the 
Upper Monocacy Watershed Assessment will be posted to the County’s Watershed Management 
website, and the public is welcome to comment on the draft, and to have their comments 
addressed in the final document. 
 
Lastly, as noted in Part IV.E.3 of the County’s MS4 permit, public involvement is required for 
the watershed assessments and restoration plans.  The County-wide restoration plan was posted 
to the website in May 2016, and a formal public notice was published in the Frederick News Post 
on 31 May and 1 June, followed by a 30-day public comment period. 
 
9. WATERSHED AND WATER QUALITY MONITORING 

This section provides an overview of the water quality monitoring conducted or contracted by 
Frederick County within the Upper Monocacy watershed.  Ten years ago, Frederick County 
initiated a stream monitoring and assessment program to collect information on the health of the 
County’s streams, to be used to help guide the County’s watershed management programs to 
better protect and restore local waters. The Frederick County Stream Survey (FCSS) was 
designed to assess the status of County streams in terms of water quality, biological condition, 
and habitat. The survey employs a statistical design, using a random sampling approach to draw 
inferences about stream condition in each of the County’s 20 major subwatersheds. The FCSS 
was designed to answer key questions about the condition of Frederick County’s watersheds and 
streams and, in particular, the stressors affecting those streams. The site selection and stream 
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sampling methods are based on Maryland Department of Natural Resources’ (MDNR) Maryland 
Biological Stream Survey (MBSS).  While an estimate of countywide condition can be made 
every year, watershed condition estimates are calculated at the completion of a Round.  Round 1 
was conducted from 2008-2011; Round 2 is being carried out during 2013-2016 time period 
(personal communication, N. Roth, VERSAR).  FCSS monitoring activities conducted by the 
County typically include: 
 

 Characterization of the physical habitat of the stream 
 Benthic macroinvertebrate sampling 
 Erosion and riparian buffer assessments 
 Water quality measurements of key chemical constituents 

 
For each of the 2008-2011 sampling years, field crews contacted landowners and sampled 50 
randomly selected sites stratified across the 20 watersheds in the entire County. Data were 
collected on water quality, physical habitat, and biological communities at each of the stream 
sites, and used to make an assessment of stream conditions Countywide. Because the sites were 
randomly selected, statistical estimates of the extent of streams (percentage of stream miles) in 
different condition classes for each assessment measure can be made. These results, including 
the raw data for each site sampled, can be found in the yearly FCSS reports which are available 
from the County’s Watershed Assessment website 
(https://frederickcountymd.gov/5937/Publications) or at http://www.watershed-
alliance.com/mcwa_pubs.html).  The five year summary report (2008-2011) by VERSAR can be 
found on the County’s watershed website at: 
https://www.frederickcountymd.gov/DocumentCenter/View/262568. 
 
Recent results for each of the six Upper Monocacy subwatersheds are presented in Section 3 of 
this Watershed Assessment report.  “Fact Sheets” which summarize the aquatic habitat, benthic 
community, land use, and water quality have been developed for 20 County subwatersheds, 
including each of the six Upper Monocacy subwatersheds.  These Fact Sheets are available at: 
https://www.frederickcountymd.gov/5502/Frederick-County-Stream-Survey. 
 
More recently, VERSAR has been monitoring the Hunting Creek (three sites) and Fishing Creek 
(two sites) subwatersheds in 2015 as part of the County’s Restoration Site Monitoring Program.  
Efforts included habitat assessments, geomorphic assessments, in-situ water quality 
measurements (i.e., temperature, DO, pH, conductance, turbidity), benthic macroinvertebrate 
sampling (BIBI scores), and fish sampling in Hunting Creek.  More detailed information about 
these Upper Monocacy subwatershed studies can be found in Appendix K of the County’s 2015 
Annual Report: https://www.frederickcountymd.gov/DocumentCenter/View/290908. 
 
The County maintains and updates an inventory of biological and chemical monitoring sites 
throughout the County. These data are included in the following tables in the 
MDE_NPDES_MS4 geodatabase: BiologicalMonitoring (10 records), ChemicalMonitoring (30 
records), LocalConcern (0 records), MonitoringSite (16 records), and MonitoringDrainageArea 
(16 records). Major features that are captured in these tables include site ID, even date and time, 
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assessment results (e.g., BIBI/FIBI, habitat scores, water quality measurements), monitoring 
drainage area, and general comments. 
 
Both the FCSS and the targeted restoration site monitoring efforts now include litter and 
floatables monitoring in the streams and along the banks of specific sample segments.  Fourteen 
subwatersheds out of twenty throughout the County (including Upper Monocacy subwatersheds 
Fishing Creek, Glade Creek, Hunting Creek, and Tuscarora Creek) contained the 27 survey sites 
that received poor and/or marginal trash ratings out of the 330 total sites surveyed under the 
FCSS monitoring effort. These data indicate that trash problems are not present along the entire 
lengths of stream networks in Frederick County, but instead may be attributed to trash 
“hotspots,” or dumping sites since the problems are present in isolated locations. Details are 
available in the County’s 2015 Annual Report 
https://www.frederickcountymd.gov/DocumentCenter/View/290908. 
 
Another important water quality monitoring program is the County’s ongoing Illicit Connection 
Detection and Enforcement (IDDE) Program. The County’s IDDE Program identifies potential 
illicit discharges in three ways: (1) through dry weather screenings completed during as-built 
inspections and/or triennial maintenance inspections; (2) visual surveys; and, (3) through citizen 
and/or agency reporting. A complete report of Frederick County's illicit discharge detection and 
elimination program from January to June 2015 including screen methods and results is included 
as Appendix E to the 2015 Annual Report which is available at: 
https://www.frederickcountymd.gov/DocumentCenter/View/290908. 
 
In summary, Frederick County maintains an active monitoring program to characterize the 
quality of surface waters and to determine progress towards state-wide and local water quality 
requirements.  Results of these studies are summarized in the Annual Reports to MDE, and are 
made available on the County’s Watershed Management website. 
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Appendix A-1 
Overall Figures for Proposed BMPs 
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Upper Monocacy Project Prioritization Ranking: 1

Sites: Site 9-2 Planning Level Cost Estimate: $1,851,795
Estimated Cost/Impervious Acre Credit: $64,500

Project Location:
Cost per Ton Sediment Removed $28,732

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Stream Restored (feet):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit: 28.71

Estimated Nutrient 
Reductions:

TN (lbs/yr): 215

TP (lbs/yr): 195

TSS (lbs/yr): 128,902

E. coli  (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: Yes

Property Ownership Private

The stream appears to be in good condition at this location.  Channel controls such as cross vane weirs can be constructed 

upstream and downstream of the Route 15 bridge to divert the force of the stream away from the proposed embankment. 

Tree planting may feasible both sides of the stream to provide a vegetated buffer with the adjacent agricultural land use 

(see Site 9-1). This fact sheet presents benefits and costs for the stream restoration.

NOTES:
Property ownership verified using county parcel data.

PROPOSED RETROFIT

N/A

N/A

The site is the Little Tuscarora Creek from the Walkersville Southern Railroad Bridge crossing upstream to the Catoctin 
Mountain Hwy (Route 15) crossing, a 2,870 foot reach. Route 15 was being widened at the time of the visit. At this location, 
there is evidence of stream widening, but banks appear to be stable with the exception of 10- 20' of bank upstream of the bridge 
that appears to be vertical. Gravel bars and silt deposition are apparent in portions of the stream. 

Required Permitting
Electrical and sanitary utilities were noted adjacent to the River in 
the vicinity of the Route 15 crossing over the Monocacy River. A 
major flow diversion would be required to construct some of the 
channel improvements.

Other: Electrical and sanitary utilities to be investigated

Water Quality Treatment Provided:

General BMP Information:

0.25 miles north of Monocacy 
Blvd and US 15 intersection

4448F6, 4448G6

199476.966,365722.038

Tuscarora Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Stream Restoration

Quality

2,871

N/A

Site 9
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Upper Monocacy Project Prioritization Ranking: 2

Sites: Site 8-2 Planning Level Cost Estimate: $661,768
Estimated Cost/Impervious Acre Credit: $64,500

Project Location:
Cost per Ton Sediment Removed $28,731

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Stream Restored (feet):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit: 10.26

Estimated Nutrient 
Reductions:

TN (lbs/yr): 76.9

TP (lbs/yr): 69.8

TSS (lbs/yr): 46,067

E. coli  (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: No

Erosion and Sediment Control (ESC): No

Grading Permit: No
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership Private

The vertical banks of the tributary need to be graded. Cross vane weirs and other channel structures need to be placed in the 

stream to take the stress off of the channel banks. Aggressive tree planting should be performed to stabilize the banks. 

Trees can be planted in open grassy area adjcent to Site 8-1 to the west of the tributary. This fact sheet presents benefits and 

costs for the stream restoration.

NOTES:
Property ownership verified using county parcel data.

PROPOSED RETROFIT

N/A

N/A

The proposed project site is a tributary to Toms Creek.  The stream shows evidence of channel bank stresses with channel widening 
and a high width to depth ratio.  The stream is adjacent to Simmons Road. Imbricated rip rap has been placed on the bank to protect 
the roadway. There is a vertical, eroded bank where there is no imbricated rip-rap. Upstream, there pooled, stagnant water with an 
algal bloom, which is evidence of excessive nutrient loading.  Also, the stream has eroded to the bedrock which appears to be a 
mostly friable shale.   

Required Permitting
There may be limited ROW along the road to repair the stream. There 
is an existing traffic barrier close to the stream that would need to be 
removed and replaced to perform any stream repairs.There are also 
overhead power lines in the proposed tree planting area. 

Other: NONE

Water Quality Treatment Provided:

General BMP Information:

Intersection of Simmons Rd and 
Keysville Rd

4110B2, 4110C2, 4110B3, 4110C3

222559.297, 374326.851

Toms Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Stream Restoration

Quality

1,026

N/A

Site 8
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Upper Monocacy Project Prioritization Ranking: 3

Sites: SES-TP-01 Planning Level Cost Estimate: $29,399
Estimated Cost/Acre Planted: $33,000

Project Location:
Estimated Cost/TSS ($ per lb/yr): $189.61

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Planted Area (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit: 0.34

Estimated Nutrient 
Reductions:

TN (lbs/yr): 10.3

TP (lbs/yr): 0.41

TSS (lbs/yr): 155

E. coli  (billion/yr): 167

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership
Board of 

Education

Plant trees in the front open areas of the school.

NOTES:
Property ownership verified using county parcel data.

Trees have relatively low maintenance requirements but will modify 
the existing maintenance schedule for the site. Trees should not be 
planted on top of existing utility lines and the location of the 
underground utilities of the school should be checked. County SWM 
review will be required for tree planting.

Other: Utilities to be evaluated

PROPOSED RETROFIT

Upper Monocacy

Proposed BMP Retrofit General Information:

Tree Planting

Quality

0.89

0.00

Water Quality Treatment Provided:

N/A

At present, water sheet flows from the front parking area of the school onto a green space that is adjacent to a agricultural field.  
The flow ultimately discharges to Route 550.  It is proposed to plant trees in the open space to provide water quality benefit. The 
benefit would be limited since there is already a 100' wide green space buffer from the school and the road. 

Required Permitting

General BMP Information:

Sabillasville Elementary School

4107H2, 4107J2

223658.088, 360964.001

Friends Creek - Upper Mainstem

Site SES-TP-01
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Upper Monocacy Project Prioritization Ranking: 4

Sites: Site 9-1 Planning Level Cost Estimate: $70,864
Estimated Cost/Impervious Acre: $33,000

Project Location:
Cost per Ton Sediment Removed $379,218

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Planted Area (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit: 0.82

Estimated Nutrient 
Reductions:

TN (lbs/yr): 24.7

TP (lbs/yr): 0.99

TSS (lbs/yr): 374

E. coli  (billion/yr): 403

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership Private

The stream appears to be in good condition at this location.  Channel controls such as cross vane weirs can be constructed 

upstream and downstream of the Route 15 bridge to divert the force of the stream away from the proposed embankment. 

Tree planting may feasible both sides of the stream to provide a vegetated buffer with the adjacent agricultural land use. 

This fact sheet presents benefits and costs for the tree planting.

NOTES:
Property ownership verified using county parcel data.

PROPOSED RETROFIT

N/A

The site is the Little Tuscarora Creek from the Walkersville Southern Railroad Bridge crossing upstream to the Catoctin 
Mountain Hwy (Route 15) crossing, a 2,870 foot reach. Route 15 was being widened at the time of the visit. At this location, 
there is evidence of stream widening, but banks appear to be stable with the exception of 10- 20' of bank upstream of the bridge 
that appears to be vertical. Gravel bars and silt deposition are apparent in the stream invert. 

Required Permitting
Some electrical and sanitary utilities were noted adjacent to the 
River in the vicinity of the Route 15 crossing over the Monocacy 
River. A major flow diversion would be required to construct some 
of the channel improvements.

Other: Electrical and sanitary utility issues to be addressed

Water Quality Treatment Provided:

General BMP Information:

0.25 miles north of Monocacy 
Blvd and US 15 intersection

4448F6, 4448G6

199476.966,365722.038

Tuscarora Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Tree planting

Quality

2.15

0.00

Site 9
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Upper Monocacy Project Prioritization Ranking: 5

Sites: Site 8-1 Planning Level Cost Estimate: $132,000
Estimated Cost/Acre Planted: $33,000

Project Location:
Cost per Ton Sediment Removed $379,641

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Planted Area (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit: 1.52

Estimated Nutrient 
Reductions:

TN (lbs/yr): 46.0

TP (lbs/yr): 1.85

TSS (lbs/yr): 695

E. coli  (billion/yr): 751

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: No

Erosion and Sediment Control (ESC): No

Grading Permit: No
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership Private

The vertical banks of the tributary need to be trimmed back. Cross vane weirs and other channel structures need to be placed 

in the stream to take the stress off of the channel banks. Aggressive tree planting should be performed to stabilize the banks. 

Trees can be planted in open grassy area adjcent to the west of the tributary.  This fact sheet presents benefits and costs for 

the tree planting.

NOTES:
Property ownership verified using county parcel data.

PROPOSED RETROFIT

N/A

The proposed project site is a tributary to Toms Creek.  The stream shows evidence of channel bank stresses with channel widening 
and a high width-to-depth ratio.  The stream is adjacent to Simmons Road. Imbricated rip-rap has been placed on the bank to 
protect the roadway. There is a vertical, eroded bank where there is no imbricated rip-rap. Upstream, there was pooled, stagnant 
water with an algal bloom, which is evidence of excessive nutrient loading.  Also, the stream has eroded to the bedrock which 
appears to be a mostly friable shale.   

Required Permitting
There may be limited ROW along the road to repair the stream. There 
is an existing traffic barrier close to the stream that would need to be 
removed and replaced to perform any stream repairs.There are also 
overhead power lines in the proposed tree planting area. 

Other: NONE

Water Quality Treatment Provided:

General BMP Information:

Intersection of Simmons Rd and 
Keysville Rd

4110B2, 4110C2, 4110B3, 4110C3

222559.297, 374326.851

Toms Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Tree Planting

Quality

4.00

0.00

Site 8
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Upper Monocacy Project Prioritization Ranking: 6

Sites: FCC-TB-07 Planning Level Cost Estimate: $28,868
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $47.71

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: No

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership City of Frederick

Tree Boxes

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-3 and M-6 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

0.05

The site is composed of five proposed closed section grassy areas that can capture runoff from adjacent impervious areas on Parking 
Lot 14. The drainage is in the form of sheet flow that runs from west to east in the parking lot. The tree boxes would outfall to a pipe 
that would discharge to an existing inlet at southeastern corner of the parking lot near Opossumtown Pike.

Required Permitting
Site constraints include relocation of existing signage and the 
construction of outlet pipes for the tree boxes.

Other: NONE

0.32

PROPOSED RETROFIT

0

605.09

1.22

10.42

Water Quality Treatment Provided:

General BMP Information:

Frederick Community College

4447H7, 4447J7, 4448D8, 4448E8

 198521.963, 364269.989

Tuscarora Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Tree Boxes

Quality

0.64

0.62

Site FCC-TB-07
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Upper Monocacy Project Prioritization Ranking: 7

Sites: FCC-TB-08 Planning Level Cost Estimate: $28,479
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $47.70

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: No

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership City of Frederick

Tree Boxes

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-3 and M-6 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

Water Quality Treatment Provided:

General BMP Information:

Frederick Community College

4447H7, 4447J7, 4448D8, 4448E8

198521.963, 364269.989

Tuscarora Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Tree Boxes

Quality

0.63

0.61

0.05

The site is composed of five proposed closed section grassy areas that can capture runoff from adjacent impervious areas on Parking 
Lot 14. The drainage is in the form of sheet flow that runs from west to east in the parking lot. The tree boxes would outfall to a pipe 
that would discharge to an existing inlet at southeastern corner of the parking lot near Opossumtown Pike.

Required Permitting
Site constraints include relocation of existing signage and the 
construction of outlet pipes for the tree boxes.

Other: NONE

0.61

PROPOSED RETROFIT

0

597.08

1.2

10.29

Site FCC-TB-08
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Upper Monocacy Project Prioritization Ranking: 8

Sites: FCC-TB-05 Planning Level Cost Estimate: $32,755
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $47.69

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: No

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership City of Frederick

Tree Boxes

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-3 and M-6 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

Water Quality Treatment Provided:

General BMP Information:

Frederick Community College

4447H7, 4447J7, 4448D8, 4448E8

198521.963, 364269.989

Tuscarora Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Tree Boxes

Quality

0.73

0.70

0.06

The site is composed of five proposed closed section grassy areas that can capture runoff from adjacent impervious areas on Parking 
Lot 14. The drainage is in the form of sheet flow that runs from west to east in the parking lot. The tree boxes would outfall to a pipe 
that would discharge to an existing inlet at southeastern corner of the parking lot near Opossumtown Pike.

Required Permitting
Site constraints include relocation of existing signage and the 
construction of outlet pipes for the tree boxes.

Other: NONE

PROPOSED RETROFIT

0.7

0

686.77

1.38

11.84

Site FCC-TB-05
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Upper Monocacy Project Prioritization Ranking: 9

Sites: FCC-TB-06 Planning Level Cost Estimate: $25,563
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $47.64

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: No

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership City of Frederick

Tree Boxes

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-3 and M-6 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

Water Quality Treatment Provided:

General BMP Information:

Frederick Community College

4447H7, 4447J7, 4448D8, 4448E8

198521.963, 364269.989

Tuscarora Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Tree Boxes

Quality

0.57

0.55

0.05

The site is composed of five proposed closed section grassy areas that can capture runoff from adjacent impervious areas on Parking 
Lot 14. The drainage is in the form of sheet flow that runs from west to east in the parking lot. The tree boxes would outfall to a pipe 
that would discharge to an existing inlet at southeastern corner of the parking lot near Opossumtown Pike.

Required Permitting
Site constraints include relocation of existing signage and the 
construction of outlet pipes for the tree boxes.

Other: NONE

0.55

PROPOSED RETROFIT

0

536.62

1.08

9.28

Site FCC-TB-06
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Upper Monocacy Project Prioritization Ranking: 10

Sites: FCC-TB-04 Planning Level Cost Estimate: $7,162
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $47.37

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: No

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership City of Frederick

The proposed tree boxes would outfall to a pipe that would discharge to an existing inlet at the southeastern corner of the 

parking lot near Opossumtown Pike.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-3 and M-6 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

Water Quality Treatment Provided:

General BMP Information:

Frederick Community College

4447H7, 4447J7, 4448D8, 4448E8

198521.963,  364269.989

Tuscarora Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Tree Boxes

Quality

0.16

0.15

0.01

The site is composed of five proposed closed section grassy areas that can capture runoff from adjacent impervious areas on Parking 
Lot 14. The drainage is in the form of sheet flow that runs from west to east in the parking lot. 

Required Permitting
Site constraints include relocation of existing signage and the 
construction of outlet pipes for the tree boxes.

Other: NONE

0.15

PROPOSED RETROFIT

0

151.21

0.3

2.65

Site FCC-TB-04
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Upper Monocacy Project Prioritization Ranking: 11

Sites: FCC-TB-02 Planning Level Cost Estimate: $7,115
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $47.09

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: No

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership City of Frederick

It is proposed to install tree boxes to capture some of the drainage from the parking lot. 

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-3 and M-6 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

Water Quality Treatment Provided:

General BMP Information:

Frederick Community College

4447H7, 4447J7, 4448D8, 4448E8

198060.379, 364028.406

Tuscarora Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Micro-bioretention/tree box

Quality

0.17

0.15

0.01

The site is a small closed section of grass at the end of the Parking Lot 6.  Drainage from Parking Lot  6 currently runs along the 
north side of the curb. 

Required Permitting
A curb cut would need to be constructed to divert water into the tree 
box. A pipe outfall would need to be constructed across the road to 
the existing inlet . The tree box construction may also disturb the 
adjacent  electric utilities which are visibly present on the western 
section of the site.. There is also a limited amount of impervious 
area draining to the site.

Other: Utility Coordination

0.15

PROPOSED RETROFIT

0

151.1

0.3

2.69

Site FCC-TB-02
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Upper Monocacy Project Prioritization Ranking: 12

Sites: FCC-TB-01 Planning Level Cost Estimate: $5,210
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $46.79

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: No

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership City of Frederick

It is proposed to remove the gutter, combine the grass sections and install micro-bioretention \ tree boxes to capture the runoff 

from the parking lot. The micro-bioretention\tree box would then outfall to the existing inlet, south of the site, that collects the

drainage from the parking lot.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-3 and M-6 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

0.11

Water Quality Treatment Provided:

0.01

It is proposed to retrofit a closed section traffic island at the bottom of the parking lot slope with a micro-bioretention / tree box. Under existing 
conditions some of the parking lot drainage is provided by a concrete gutter between the grass sections.  

Required Permitting

0.22

2.01

0.11

There is already one tree in the closed section grass space,  and the 
proposed tree box may interfere with the existing root system. Also, the 
construction may entail the relocation of a flag pole. The 12' wide 
existing roadway adjacent to the island would need to be excavated to 
install the outfall pipe for the proposed facility.  The impervious area 
draining to the site is only 0.11 acres.

Other: NONE

PROPOSED RETROFIT

0

111.34

Upper Monocacy

Proposed BMP Retrofit General Information:

Micro-bioretention/tree box

Quality

0.13

General BMP Information:

Frederick Community College

4447H7, 4447J7, 4448D8, 4448E8

 198071.227, 364046.398

Tuscarora Creek

Site FCC-TB-01
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Upper Monocacy Project Prioritization Ranking: 13

Sites: FCC-TB-03 Planning Level Cost Estimate: $8,256
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $45.32

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: No

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership City of Frederick

Tree Boxes are proposed for this site. The tree box(s) should be installed adjacent to the curb to capture the runoff from the 

impervious area. The proposed tree boxes would discharge to an existing inlet across  the street near the two smaller buildings.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-3 and M-6 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

0.18

Water Quality Treatment Provided:

0.01

The proposed site is a closed section grass area. There are several large trees south of site within approximately 15' of the curb. Water runs along the 
north curb and drains across a Frederick Community College arterial street to an existing inlet located near two campus buildings. There is a larger 
impervious area on Lots 2 & 3 that also drain to this proposed tree box. 

Required Permitting

0.37

3.55

0.18

The constraints include the location of the roots of the nearby trees, 
and potential for root trimming. There may be some relocation of 
existing signage and the outlet pipe will need to be excavated into the 
existing roadway base.

Other: NONE

PROPOSED RETROFIT

0

182.2

Upper Monocacy

Proposed BMP Retrofit General Information:

Tree Boxes

Quality

0.23

General BMP Information:

Frederick Community College

4447H7, 4447J7, 4448D8, 4448E8

198212.250, 364167.577

Tuscarora Creek

Site FCC-TB-03
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Upper Monocacy Project Prioritization Ranking: 14

Sites: FCPS-BS-01 Planning Level Cost Estimate: $193,232
Estimated Cost/Impervious Acre: $42,000

Project Location: Estimated Cost/TSS ($ per lb/yr): $42.12

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli  (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership
Board of 

Education

The stormwater management facility can be converted into a bioswale which would have a higher pollutant removal rate than 

the existing dry pond.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-8 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

General BMP Information:

7446 Hayward Rd

4448G1, 4448H1

198823.439, 365051.023

Tuscarora Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Bio-swale

Quality

5.13

4.60

Water Quality Treatment Provided:

0.38

Required Permitting
There are no utilities or trees present on the site. Some easements 
and R/W may need to be obtained from the adjacent commercial 
property owners.

Other: NONE

82.05

4.6

PROPOSED RETROFIT

The site is an existing dry pond along northwestern end of the existing school bus depot. Two 18" RCP's from the parking lot/ 
buildings drain into the pond along with the sheet flow from the depot. The pond receives the majority of the bus depot drainage  
and also drainage from a gas station located on the property. Also, the pond receives some drainage from the adjacent 
maintenance building rooftops. The dry pond has a concrete weir outfall structure with a 6" PVC low flow orifice. The outfall 
discharges to a riprap swale that flows through the Board of Education property and empties into an inlet on a adjacent 
commercial property north of the Frederick County Board of Education. 

0

4587.44

9.25

Site FCPS-BS-01
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Upper Monocacy Project Prioritization Ranking: 15

Sites: FCC-MBR-01 Planning Level Cost Estimate: $6,441
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $45.06

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership
Frederick 

Community 
College

Micro-bioretention is proposed for this site. A curb opening would need to be constructed to divert water from parking lot and 

industrial area into the proposed site. The overflow from micro-bioretention site would then discharge to the back of the existing inlet.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-6 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

Water Quality Treatment Provided:

General BMP Information:

Frederick Community College

4447H7, 4447J7, 4448D8, 4448E8

198101.390, 364180.542

Tuscarora Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Micro-bioretention

Quality

0.19

0.14

0.01

The proposed site is adjacent to Lot 4 and across from FC-BR-02. The site is a closed section grassy area. Sheet flow drains around the 
curb into a downstream existing inlet. 

Required Permitting
 There is a sewer line and a storm drain present. The sewer line has a 
unknown alignment and would need to be located. 

Other: Sewer line coordination

PROPOSED RETROFIT

0.14

30.47

142.94

0.29

2.82

Site FCC-MBR-01
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Upper Monocacy Project Prioritization Ranking: 16

Sites: FCPS-BS-02 Planning Level Cost Estimate: $68,049
Estimated Cost/Impervious Acre: $42,000

Project Location: Estimated Cost/TSS ($ per lb/yr): $41.87

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli  (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership
Board of 

Education

It is proposed to convert the grass swale into a bioswale.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-8 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

Water Quality Treatment Provided:

General BMP Information:

7446 Hayward Rd

4448G1, 4448H1

198763.511, 365139.394

Tuscarora Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Bio-swale

Quality

1.86

1.62

0.14

The site is an existing swale that runs parallel to fence on eastern end of the bus depot. The swale intercepts a significant portion 
of drainage from the depot and outfalls to an existing waterway. An underdrain was found at the outfall next to the existing swale, 
but the origin of the pipe could not be found. There are electric underground utilities seen on the site, but no other utilities were 
visible.

Required Permitting
Utitilties run in the parking lot near the fence line (not in the swale). 
The break in drainage extends to about the third light pole in the 
parking lot. There is a gas station on the parking lot which may 
contribute drainage into the swale.

Other: Utility Coordination

1.62

PROPOSED RETROFIT

0

1625.23

3.28

29.5

Site FCPS-BS-02
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Upper Monocacy Project Prioritization Ranking: 17

Sites: BOE-GS-01 Planning Level Cost Estimate: $107,802
Estimated Cost/Impervious Acre: $42,000

Project Location: Estimated Cost/TSS ($ per lb/yr): $41.63

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli  (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership
Board of 

Education

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-8 and N-1 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

Water Quality Treatment Provided:

General BMP Information:

33 Thomas Johnson Dr

4448E7, 4448F7

198767.215, 365175.377

Tuscarora Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Micro-bioretention/ 
Bioswale/SWM Pond/ Non-

rooftop disconnect
Quality

3.03

2.57

The proposed retrofit can be a grass swale, bio-swale, stormwater management pond or a  non-rooftop disconnect.

0.21

Required Permitting
The parking lot is unpaved and has evidence of ponding and 
erosion.  There is an electrical utility unit and electric manhole at 
the western end of the parking lot.

Other: Utility coordination

PROPOSED RETROFIT

The majority of the runoff sheet flows onto the open space, however field observations indicate that some of the parking runoff 
unintendedly drains towards an electrical manhole where there is a depression. The proposed retrofit would outflow to an existing 
waterway that runs parallel to the Frederick Board of Education building. If the parking lot gets paved, the drainage can be treated 
with a disconnect through the grass, or with a larger stormwater facility such as a pond. Under existing conditions the water flow 
creates ponding in the gravel parking lot. Therefore the site probably is not be best suited for a retrofit at this time.

0

2589.35

5.22

47.65

2.57

Site BOE-GS-01
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Upper Monocacy Project Prioritization Ranking: 18

Sites: FCC-BR-02 Planning Level Cost Estimate: $10,841
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $43.08

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership City of Frederick

Micro-bioretention is proposed. A curb opening would be constructed to allow sheet flow from the adjoining parking lot to enter the 

micro-bioretention facility. The proposed facility would outfall to an existing inlet next to the campus road.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-6 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

Water Quality Treatment Provided:

General BMP Information:

Frederick Community College

4447H7, 4447J7, 4448D8, 4448E8

198115.412, 364150.908

Tuscarora Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Micro-bioretention

Quality

0.37

0.23

0.02

The site is the corner of parking lot (Lot 4) that is across the road from an existing SWM Pond.  The site itself is composed of entirely 
of grass. 

Required Permitting
There is a tree located near the proposed site. A curb opening would 
need to be constructed to receive the extra drainage from the parking 
lot.

Other: NONE

PROPOSED RETROFIT

0.23

0.51

5.44

57.28

251.66

Site FCC-BR-02
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Upper Monocacy Project Prioritization Ranking: 19

Sites: YSES-RG-03 Planning Level Cost Estimate: $8,291
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $41.72

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit: 0.18

Estimated Nutrient 
Reductions:

TN (lbs/yr): 4.55

TP (lbs/yr): 0.40

TSS (lbs/yr): 199

E. coli  (billion/yr): 0

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership
Board of 

Education

It is proposed to convert open space and areas near inlets into a rain gardens.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-7 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

 The top of the existing inlets need to be adjusted to accomodate the 
rain gardens.  The edge of the rain gardens should be a minimum of 
25'  from the school building. There are some sewer line manholes 
located on the property near the proposed rain garden locations. As 
built plans of the school were not available for review to determine the 
alignment of the sanitary sewer.

Other: NONE

PROPOSED RETROFIT

0.18

Water Quality Treatment Provided:

0.01

The southeastern portion of the school property has an asphalt playground area that drains towards the school. Runoff from this area 
is untreated by the existing stormwater mangement areas located around the school. There are two existing yard inlets that collects the 
drainage. The storm drains discharge to the western side of the school and outfall near to the constructed circle, near proposed facility 
YSES-RG-01. A rain garden is proposed to be excavated adjacent to the two inlets, and treat the runoff prior to the discharge into the 
storm drain system.

Required Permitting

Upper Monocacy

Proposed BMP Retrofit General Information:

Rain Garden

Quality

0.32

General BMP Information:

Yellow Spring Elementary School

4447H4, 4447J4, 4447H5, 4447J5

200760.801 , 361146.585

Little Tuscarora Creek

Site YSES-RG-03
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Upper Monocacy Project Prioritization Ranking: 20

Sites: FCC-BR-01 Planning Level Cost Estimate: $12,982
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $41.36

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership City of Frederick

Micro-bioretention is proposed for this site. A micro-bioretention area would be constructed that would treat the runoff from the

 roadway areas. An additional curb opening is proposed so that the site can drain the road west of parking garage.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-6 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

0.28

Water Quality Treatment Provided:

0.02

The site is located adjacent to the college parking garage and is comprised of grass with one smaller tree.  An existing curb opening 
allows for drainage from road and cul-de-sac to enter the site. Runoff drains from the site via an 18" culvert under the road that 
discharges to an existing inlet. 

Required Permitting
The design requires an underdrain to be excavated in road to discharge 
to the existing inlet across the street. The street will need to be 
excavated for the placement of the storm drain pipe.

Other: Roadway construction required

PROPOSED RETROFIT

0.28

75.38

313.91

0.64

7.3

Upper Monocacy

Proposed BMP Retrofit General Information:

Micro-bioretention

Quality

0.51

General BMP Information:

Frederick Community College

4447H7, 4447J7, 4448D8, 4448E8

 198047.679, 363978.135

Tuscarora Creek

Site FCC-BR-01
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Upper Monocacy Project Prioritization Ranking: 21

Sites: YSES-RG-01 Planning Level Cost Estimate: $6,179
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $41.21

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit: 0.13

Estimated Nutrient 
Reductions:

TN (lbs/yr): 3.51

TP (lbs/yr): 0.30

TSS (lbs/yr): 150

E. coli  (billion/yr): 0

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership
Board of 

Education

It is proposed to convert open space adjacent to the play area into a rain garden.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-7 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

The site is moderately flat, and may require excavation/fill to create the 
necessary slope to convey the flow to the rain garden.  Small 
channel(s) may need to be constructed to divert the flow from the 
impervious area to the site. 

Other: NONE

PROPOSED RETROFIT

0.13

Water Quality Treatment Provided:

0.01

The site of the proposed rain garden is a small grassed space at the base of a slope originating from an asphalt playground located in 
the southwest section of the school property.  Sheet flow from the playground discharges onto the open space.  Additional impervious 
area from the adjoining parking lot can be discharged into the proposed rain garden if a swale were constructed around the perimeter 
of the playground. The proposed rain garden would outfall to an existing stormdrain system near the newly constructed circle in front 
of the school.

Required Permitting

Upper Monocacy

Proposed BMP Retrofit General Information:

Rain Garden

Quality

0.25

General BMP Information:

Yellow Spring Elementary School

4447H4, 4447J4, 4447H5, 4447J5

200734.952 , 361031.597

Little Tuscarora Creek

Site YSES-RG-01
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Upper Monocacy Project Prioritization Ranking: 22

Sites: SES-BR-01 Planning Level Cost Estimate: $43,970
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $38.78

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit: 0.94

Estimated Nutrient 
Reductions:

TN (lbs/yr): 29.1

TP (lbs/yr): 2.31

TSS (lbs/yr): 1,134

E. coli  (billion/yr): 0

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership
Board of 

Education

Re-construct rain garden to provide additional stormwater volume control for the runoff from school property.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-3 and M-6 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

PROPOSED RETROFIT

There is an existing 36" RCP that discharges runoff from the school roof and other sections of the school property. The RCP 
discharges at the western corner of the property, approximately 500' away. According to the school maintenance superintendent, 
there was erosion at the pipe outfall and the adjacent property owner, a farmer, had complained to the school. The state interceded 
and designed a small rain garden/depression area to help alleviate the issue. The farmer built the state's rain garden design and 
had subsequently diverted the drainage from the outfall to a different section of his property. The small depression is now a 
heavily vegetated area that includes a PVC overflow pipe. The existing depression volume appears to be small compared to the 
the overall area of the site. It is proposed to enlarge the existing facility to provide more treatment.

Upper Monocacy

Proposed BMP Retrofit General Information:

Rain Garden

Quality

2.12

0.94

Water Quality Treatment Provided:

0.08

Required Permitting
Enlargement of the existing rain garden would entail modification 
of the 36" RCP. Adequate sediment and erosion control would need 
to be provided to eliminate any discharge of sediment onto the 
farmer's property. 

Other: Private property access may be required

General BMP Information:

Sabillasville Elementary School

4107H2, 4107J2

223621.720, 360649.433

Friends Creek - Upper Mainstem

Site SES-BR-01
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Upper Monocacy Project Prioritization Ranking: 23

Sites: YSES-RG-04 Planning Level Cost Estimate: $8,007
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $37.96

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit: 0.17

Estimated Nutrient 
Reductions:

TN (lbs/yr): 5.58

TP (lbs/yr): 0.43

TSS (lbs/yr): 211

E. coli  (billion/yr): 0

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership
Board of 

Education

It is proposed to convert existing open space into a rain garden.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-7 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

The proposed rain garden site is located at the edge of an existing 
septic field, and it may not be desirable to locate practices that utilize 
infiltration in the vicinity of a septic field. It is recommended that the 
rain garden be located a minimum of 25' away from the field in 
accordance with MDE guidelines.  The site is also located close to a 
mobile classroom and there are large trees and a mobile home that 
shade the area. The designer should situate the rain garden such that 
there is adequate sunlight for plants.

Other: NONE

PROPOSED RETROFIT

0.17

Water Quality Treatment Provided:

0.01

 It is proposed to construct a rain garden in the green space next to the eastern most mobile classroom in the rear of the property. 
Currently, the drainage area to the open space includes the impervious area from the adjoining asphalt playground, along with a 
sections of the school roof and the roof of a mobile classroom. The runoff from these areas are all currently untreated. They 
ultimately discharge towards a large septic field located at the most northern section of the school. Some of the sidewalks and other 
impervious surfaces adjacent to the school building can also be diverted into the proposed rain garden to increase the area treated.

Required Permitting

Upper Monocacy

Proposed BMP Retrofit General Information:

Rain Garden

Quality

0.41

General BMP Information:

Yellow Spring Elementary School

4447H4, 4447J4, 4447H5, 4447J5

200811.416 , 361208.233

Little Tuscarora Creek

Site YSES-RG-04
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Upper Monocacy Project Prioritization Ranking: 24

Sites: YSES-RG-02 Planning Level Cost Estimate: $10,324
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $34.93

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit: 0.22

Estimated Nutrient 
Reductions:

TN (lbs/yr): 8.67

TP (lbs/yr): 0.61

TSS (lbs/yr): 296

E. coli  (billion/yr): 0

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership
Board of 

Education

It is proposed to convert open space and areas near to the existing yard inlets into rain gardens.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-7 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

PROPOSED RETROFIT

0.02

The southeastern portion of the school property has an apshalt playground that drains towards the school. There is a yard inlet that 
collect the drainage. The inlet discharges to the western side of the school and outfalls near to the constructed circle close to YSES-
RG-01.  The rain garden is proposed to be located throughout the section of open space between the school and the pavement to treat 
the runoff prior to discharge to the existing storm drain system.

Required Permitting
The top of the existing yard inlets will need to be adjusted to 
accommodate the excavation for the rain gardens.  There are sewer 
line manholes located on the property near to the proposed rain garden 
locations. As built plans of the school were not available for review to 
determine the alignment of the sanitary sewer.

Other: NONE

Water Quality Treatment Provided:

General BMP Information:

Yellow Spring Elementary School

4447H4, 4447J4, 4447H5, 4447J5

200760.801 , 361146.585

Little Tuscarora Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Rain Garden

Quality

0.66

0.22

Site YSES-RG-02
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Upper Monocacy Project Prioritization Ranking: 25

Sites: SES-RG-01 Planning Level Cost Estimate: $4,747
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $34.71

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit: 0.10

Estimated Nutrient 
Reductions:

TN (lbs/yr): 4.04

TP (lbs/yr): 0.28

TSS (lbs/yr): 137

E. coli  (billion/yr): 0

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership
Board of 

Education

Construct a rain garden near the existing yard inlet to improve water quality treatment. Signage could be added to provide 

educational value to the project.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-7 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

There are possible conflicts with the underground utilities of the 
school. These utilities would need to be located prior to any 
construction.

Other: Potential utilities issue

PROPOSED RETROFIT

Upper Monocacy

Proposed BMP Retrofit General Information:

Rain Garden

Quality

0.31

0.10

Water Quality Treatment Provided:

0.01

The site is a green space/grass area adjacent to the rear of the school building currently drained by a small yard inlet. A rain garden 
can be excavated around the existing yard inlet to provide some retention of stormwater prior to discharge to the rear of the 
property. The rain garden would also provide some additional site landscaping and educational opportunities.

Required Permitting

General BMP Information:

Sabillasville Elementary School

4107H2, 4107J2

223675.696, 360855.279

Friends Creek - Upper Mainstem

Site SES-RG-01
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Upper Monocacy Project Prioritization Ranking: 26.5

Sites: PK-RG-01 Planning Level Cost Estimate: $3,468
Estimated Cost/Impervious Acre: $46,875

Project Location: Estimated Cost/TSS ($ per lb/yr): $30.65

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli  (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership Private

A raingarden can be installed to treat the existing drainage. The space could be landscaped with ornamental plants to gain 

acceptance from local property owners. Retrofit the open space between houses into a rain garden. 

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-7 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

Water Quality Treatment Provided:

General BMP Information:

Poplar Knob Community

4222C3

215626.790 , 363709.609

Hunting Creek - High Run

Upper Monocacy

Proposed BMP Retrofit General Information:

Rain Garden

Quality

0.30

0.07

0.01

The project site is a small easement area between houses that receives sheet flow from streets, driveways, sidewalks, part of a cul-de-
sac, and the surrounding houses. The potential drainage easement could be seen where there was a space between existing fence 
lines. 

Required Permitting
Acceptance and approval of adjacent property owners is a significant 
site constraint. The location of existing electric and sewer lines will 
need to be determined. Also, obtaining easements from owners may 
be an issue for the construction. After construction the adjoining 
property owner may occasionally run across the bioretention area 
with tractors, mowers and other lawn maintenance equipment.   

Other: Easements may be required

0.07

PROPOSED RETROFIT

0

113.17

0.23

3.78

Site PK-RG-01
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Upper Monocacy Project Prioritization Ranking: 26.5
Sites: PK-RG-02 Planning Level Cost Estimate: $3,993

Estimated Cost/Impervious Acre: $46,875
Project Location: Estimated Cost/TSS ($ per lb/yr): $30.65
ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli  (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained
 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership Private

In this space adjacent to the cul-de-sac, a rain garden could be installed to treat the existing drainage. The space could be
 landscaped with ornamental plants to gain acceptance from local property owners.

NOTES:

The site is located close to a driveway and the adjoining property 
owners may occasionally run across the rain garden. Owner's 
easements may be an issue in doing construction near/on their 
property. The location of existing electric and sewer lines will need 
to be determined.  

Other: Utilities might need to be addresed

0.09

PROPOSED RETROFIT

0

130.28

0.27

4.35

See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-7 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

Water Quality Treatment Provided:

General BMP Information:

Poplar Knob Community
4222C3

215606.152 , 363742.418

Hunting Creek - High Run

Upper Monocacy

Proposed BMP Retrofit General Information:

Rain Garden

Quality

0.34

0.09

0.01

The project site is a small easement area adjacent to the cul-de-sac that receive sheet flow from streets, driveways, sidewalks, and 
surrounding houses. The potential drainage easement could be seen where there was a space between existing fence lines. 

Required Permitting

Site PK-RG-02
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Upper Monocacy Project Prioritization Ranking: 28

Sites: FCC-GS-02 Planning Level Cost Estimate: $19,675
Estimated Cost/Impervious Acre: $24,000

Project Location: Estimated Cost/TSS ($ per lb/yr): $21.64

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership City of Frederick

 It is proposed to retrofit an existing grass channel to a grass swale.  The grass channel would then outfall to an existing culvert 

downstream. The bottom width of the existing swale would need to be expanded for it to meet grass swale requirements set by MD

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-8 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

0.07

PROPOSED RETROFIT

The site is an existing grass swale on the southern side of the campus entrance road.  The swale receives sheet flow from half the 
road width. The drainage area also includes a portion of the campus road north of Parking Lot 14, and part of the tennis courts 
located to west of the site (see above site map).  

Required Permitting

Other: Utilities might need to be evaluated

There are some trees on the perimeter of the existing swale. The 
drip line is far enough away it is anticipated that the tree root 
systems would not be impacted by the excavation for a grass swale . 

0

909.08

1.85

20.34

0.82

General BMP Information:

Proposed BMP Retrofit General Information:

Water Quality Treatment Provided:

Frederick Community College

198595.570, 364251.801

4447H7, 4447J7, 4448D8, 4448E8

Upper Monocacy

Grass Swale

Quality

1.41

0.82

Tuscarora Creek

Site FCC-GS-02
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Upper Monocacy Project Prioritization Ranking: 29

Sites: PK-BS-01 Planning Level Cost Estimate: $34,764
Estimated Cost/Impervious Acre: $42,000

Project Location: Estimated Cost/TSS ($ per lb/yr): $28.93

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli  (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership Frederick County

It is proposed to remove the existing asphalt lined gully and install a properly designed bioswale to treat the runoff.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-8 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

Water Quality Treatment Provided:

General BMP Information:

Poplar Knob Community

4222C3

215747.969 , 363868.889

Hunting Creek - High Run

Upper Monocacy

Proposed BMP Retrofit General Information:

Bio-swale

Quality

3.31

0.83

0.07

The site is an asphalt lined gully channel located at the bottom of the hill on Hillside Avenue. This area receives drainage from half 
of the road, a grass swale (PK-GS-02) and the runoff from the rooftops of the surrounding houses. The channel outfalls to an 
existing inlet at the intersection at the bottom of the hill.

Required Permitting
Construction easements may need to be obtained from the owners of 
the adjoining properties. The gully has a longitudinal slope greater 
than 4%, and the site would need to be excavated to lower the slope.

Other: Construction easements may be needed

0.83

PROPOSED RETROFIT

0

1201.47

2.47

38.24

Site PK-BS-01
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Upper Monocacy Project Prioritization Ranking: 30

Sites: FCPS-GS-01 Planning Level Cost Estimate: $6,091
Estimated Cost/Impervious Acre: $24,000

Project Location: Estimated Cost/TSS ($ per lb/yr): $21.29

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli  (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership City of Frederick

The proposed facility can be sited in a wooded depression northwest of the lot to maximize the impervious area treatment. A 

small swale can be constructed to divert the extra impervious sheet flow from the parking lot into the proposed stormwater 

treatment facility. It is proposed to convert the open space into a grass swale.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-8 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

General BMP Information:

7446 Hayward Rd

4448G1, 4448H1

198720.648, 364912.910

Tuscarora Creek

Upper Monocacy

Proposed BMP Retrofit General Information:

Grass Swale

Quality

0.46

0.25

Water Quality Treatment Provided:

0.2

The site is a flat area grassy area near the western parking lot which is accessed from Hayward Road. The parking lot drains towards 
the western end of the site. There are existing underground electric utilities to the south western side of the parking lot. 

Required Permitting

0.58

6.59

0.25

A utility box, electric box, and a speed camera are located next to the 
parking lot. Other utilities that were not visually evident may run 
parallel to the lot. There are some dead trees near the proposed site 
that may need to be removed.

Other: Utility Coordination

PROPOSED RETROFIT

0

286.07

Site FCPS-GS-01
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Upper Monocacy Project Prioritization Ranking: 31

Sites: PK-BS-02 Planning Level Cost Estimate: $12,945
Estimated Cost/Impervious Acre: $42,000

Project Location: Estimated Cost/TSS ($ per lb/yr): $27.46

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli  (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership Frederick County

It is proposed to retrofit the grass channel into a bio-swale to treat the runoff.  

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-8 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

General BMP Information:

Poplar Knob Community

4222C3

215750.615 , 363869.947

Hunting Creek - High Run

Upper Monocacy

Proposed BMP Retrofit General Information:

Bio-swale

Quality

1.23

0.31

Water Quality Treatment Provided:

0.03

The site is a small channel near the bottom of the hill on Hillside Avenue .  This area receives drainage from half of the road, 
driveways, and the roofs from the surrounding houses. The channel outfalls to an existing inlet at the intersection at the bottom of 
the hill. 

Required Permitting

0.97

15.74

0.31

A driveway runs across the proposed bio-swale and a portion of the 
driveway may need to be repaved. Obtaining construction easements 
from property owners may be an issue. The longitudinal slope of a 
portion of the site is greater than 4% and the site may require 
grading.

Other: Construction easements may be required

PROPOSED RETROFIT

0

471.42

Site PK-BS-02
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Upper Monocacy Project Prioritization Ranking: 32

Sites: FCC-GS-01 Planning Level Cost Estimate: $1,876
Estimated Cost/Impervious Acre: $24,000

Project Location: Estimated Cost/TSS ($ per lb/yr): $19.69

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership
Frederick 

Community 
College

The proposed retrofit is to grade both swales into one continuous grass swale to flow to an existing downstream inlet 

located to the east of the site.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-8 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

0.08

Water Quality Treatment Provided:

0.01

It is proposed to combine the two existing ditches adjacent to the south side of the Campus Road to one long grass swale. The ditches currently 
flow in opposite directions with one high point in between both. One of the ditches outfalls to a small abandoned culvert. The other ditch outfalls to 
a downstream inlet. The ditches receive sheet flow from half of the road width. The space between the bottom of the ditch and the existing edge of 
pavement is approximately 9'. This space will allow both ditches to be widened. 

Required Permitting
The two swales will be graded to become one widened swale. No 
utilities were seen.  A hydrologic analysis will need to be done to 
determine if the existing inlet on the east side of the site has enough 
capacity for the increased drainage. 

Other: NONE

PROPOSED RETROFIT

0.08

2.48

0.19

95.27

0

Upper Monocacy

Proposed BMP Retrofit General Information:

Grass Swale

Quality

0.18

General BMP Information:

Frederick Community College

4447H7, 4447J7, 4448D8, 4448E8

198086.044, 364165.196

Tuscarora Creek

Site FCC-GS-01
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Upper Monocacy Project Prioritization Ranking: 33

Sites: PK-GS-01 Planning Level Cost Estimate: $11,616
Estimated Cost/Impervious Acre: $24,000

Project Location: Estimated Cost/TSS ($ per lb/yr): $15.69

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli  (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership Frederick County

Redevelop the existing swale into a stormwater grass swale.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-8 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

Water Quality Treatment Provided:

General BMP Information:

Poplar Knob Community

4222C3

215780.248 , 363766.759

Hunting Creek - High Run

Upper Monocacy

Proposed BMP Retrofit General Information:

Grass Swale

Quality

1.94

0.48

0.04

The site consists of a shallow grass swale that runs along the side of Hillside Road that intercepts the runoff from the impervious 
area from half of the road surface and the roofs from the surrounding houses in the Poplar Knob subdivision. There are no signs of 
erosion. It is proposed to widen and deepen the existing grass swale to perform water quality treatment.  The runoff from the swale 
would outfall to an existing asphalt lined channel that drains into an inlet. The inlet discharges outside the project area to Catoctin 
Mountain Highway (Route 15).

Required Permitting
Property owner driveways occasionally run across the swale.  
Obtaining easements from adjacent property owners may be an issue 
in doing construction. The swale would need to be graded to have a 
longitudinal slope less than 4%.

Other: Easements may be required

0.48

PROPOSED RETROFIT

0

740.27

1.53

24.72

Site PK-GS-01
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Upper Monocacy Project Prioritization Ranking: 34

Sites: PK-GS-03 Planning Level Cost Estimate: $761
Estimated Cost/Impervious Acre: $24,000

Project Location: Estimated Cost/TSS ($ per lb/yr): $15.69

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli  (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership Frederick County

Redevelop the existing swale into a stormwater grass swale.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-8 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

0

The site is a grass swale that runs along the east side of Hillside Road in the southeastern section of Poplar Knob.  The drainage 
area consists of the impervious area from half of the road and the runoff from the driveways and roofs of the surrounding houses. 
There was no evidence of erosion in the existing grass swale. The water flows down the hill to an existing asphalt channel that 
drains into a inlet at the street corner at the bottom of the hill. The inlet discharges outside the project area to the Catoctin Mountain 
Highway (Route 15).

Required Permitting
Property owner driveways occasionally run across the swale.  
Obtaining easements from the adjacent property owners may be a 
constructability issue . The longitudinal slope of the proposed swale 
is 4% or greater, and the site may need to be graded to reduce the 
slope.

Other: Property easements may be required

PROPOSED RETROFIT

0.03

0

48.47

0.1

1.62

Water Quality Treatment Provided:

General BMP Information:

Poplar Knob Community

4222C3

215733.152 , 363873.651

Hunting Creek - High Run

Upper Monocacy

Proposed BMP Retrofit General Information:

Grass Swale

Quality

0.13

0.03

Site PK-GS-03
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Upper Monocacy Project Prioritization Ranking: 35

Sites: PK-GS-02 Planning Level Cost Estimate: $2,090
Estimated Cost/Impervious Acre: $24,000

Project Location: Estimated Cost/TSS ($ per lb/yr): $15.69

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit:

Estimated Nutrient 
Reductions:

TN (lbs/yr):

TP (lbs/yr):

TSS (lbs/yr):

E. coli  (billion/yr):

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership Frederick County

Redevelop the existing swale into a grass swale that meets MDE criteria.

NOTES:
See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-8 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

Water Quality Treatment Provided:

General BMP Information:

Poplar Knob Community

4222C3

215685.527 , 363821.793

Hunting Creek - High Run

Upper Monocacy

Proposed BMP Retrofit General Information:

Grass Swale

Quality

0.35

0.09

0.01

Required Permitting
Property owner driveways occasionally run across the swale.  
Construction easements may need to be obtained from adjacent 
property owners. The longitudinal slope of the site is 4% or greater, 
and the swale would need to have a grade lower than 4%.

Other: Construction easements may be required

PROPOSED RETROFIT

The site consists of a shallow grass swale that is located on the inside of the bend in Hillside Road west of Hillside Circle. 
Currently, there are no signs of erosion in the swale.  Is is proposed to widen and deepen the existing grass swale such that it 
meets MDE grass swale criteria.The proposed grass swale would run along the side of the road and would drain half of the road 
and the runoff from the roofs of the surrounding houses. The runoff would discharge to an existing asphalt channel and then to a 
proposed bio-swale (PK-BS-01). The bio-swale outlets to an existing inlet at the street corner at the bottom of the hill.   The inlet 
would then discharge outside the project area to Concoctin Mountain Highway (Route 15).

0

133.2

0.27

4.45

0.09

Site PK-GS-02
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Upper Monocacy Project Prioritization Ranking: 36

Sites: SES-GS-01 Planning Level Cost Estimate: $19,434
Estimated Cost/Impervious Acre: $24,000

Project Location: Estimated Cost/TSS ($ per lb/yr): $15.65

ADC Map:

Northing/Easting:

NPDES Watershed:

MDE 8 Digit Watershed:

BMP Type:

Management Type:

Total Drainage Area* (ac):

Total Impervious Area* 
(ac):

WQv Provided (ac-ft.):

Impervious Acre Credit: 0.81

Estimated Nutrient 
Reductions:

TN (lbs/yr): 41.6

TP (lbs/yr): 2.56

TSS (lbs/yr): 1,242

E. coli  (billion/yr): 0

* Drainage area and impervious area (NLCD 2011) is obtained

 from USGS StreamStats Program.

EXISTING SITE CONDITIONS

ANTICIPATED SITE CONSTRAINTS
Frederick County SWM Review: Yes

Erosion and Sediment Control (ESC): Yes

Grading Permit: Yes
Joint Permit Application (JPA)/General 
Waterway Construction Permit: No

Property Ownership
Board of 

Education

It is proposed to convert the open grass space into a grass swale, and plant trees in front of the property.

NOTES:

0.067480788

See Maryland Stormwater Design Manual, May 2009, Chapter 5. Environmental Site Design. Section M-8 for design, 
performance, construction and maintenance criteria.
Property ownership verified using county parcel data.

Water Quality Treatment Provided:

General BMP Information:

Sabillasville Elementary School

4107H2, 4107J2

223753.483, 360973.813

Friends Creek - Upper Mainstem

Upper Monocacy

Proposed BMP Retrofit General Information:

Grass Swale

Quality

3.26

0.81

It is proposed to locate a grass swale in the northeast corner of the Sabillasville Elementary School front parking lot.  Presently, the 
sheet flow from the parking lot drains towards the northeast corner of the property.  The sheet flow can be readily diverted into the 
proposed swale. There are trees with approximately 12" DBH's located near the parking lot. 

Required Permitting
Staging areas for construction equipment will need to be sited away 
from school operations. Also the grass swale would add to the 
facility's property maintenance requirements. 

Other: NONE

Proposed BMP Retrofit General

Site SES-GS-01
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Chapter 5.  Environmental Site Design............................Nonstructural  and Micro-Scale Practices 

 

M-3.  Landscape Infiltration 
 

Landscape infiltration utilizes on-site vegetative planting areas to capture, store, and treat 
stormwater runoff.  Rainwater is stored initially, filters through the planting soil and gravel 
media below, and then infiltrates into native soils.  These practices can be integrated within the 
overall site design by utilizing a variety of landscape features for storage and treatment of 
stormwater runoff.  Storage may be provided in constructed planters made of stone, brick, 
concrete, or in natural areas excavated and backfilled with stone and topsoil. 
 

 
Applications: 
 
Landscape infiltration can be best implemented in residential and commercial land uses.  
Residential areas with compact housing such as clustered homes and townhouses can utilize 
small green spaces for landscape infiltration.  Because space in these instances prevents 
structural pretreatment, the drainage area to these practices should be limited to less than 10,000 
ft2.  Larger drainage areas may be allowed where soil testing is performed and pretreatment 
forebays can be implemented.  Successful application is dependent upon soil type and 
groundwater elevation. 
 
Performance: 
 
The PE values determined by Equation 5.1 may be applied to the ESD sizing criteria when 
landscape infiltration systems are designed according to the guidance provided below.  Rev 
requirements are also met when the PE from Equation 5.1 meets or exceeds the soil specific 
recharge factor listed in Section 2.2.   
 
Constraints: 
 
The following constraints are critical when considering the use of landscape infiltration to 
capture and treat stormwater runoff: 
 

 Space:  Landscape infiltration should not be used in areas where operation may create a risk 
for basement flooding, interfere with subsurface sewage disposal systems, or other 
underground structures.  The initial site planning process shall consider landscaping 
opportunities where these practices may be implemented. 

 
 Topography:  Steep terrain affects the successful performance of landscape infiltration.  

These practices should be constructed without a slope.  If slopes entering these practices are 
too steep, then level-spreading devices such as check dams, terraces, or berms may be needed 
to maintain sheetflow. 

 
  Soils:  Permeable soils are critical to the successful application of landscape infiltration.  

The HSG should be A or B.  For HSG C or D, designers should consider using practices with 
underdrains like micro-bioretention. 
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Chapter 5.  Environmental Site Design.............................Nonstructural and Micro-Scale Practices 

 Drainage Area:  Drainage areas less than 10,000 ft2 are most appropriate for landscape 
infiltration.  Larger drainage areas may require pretreatment and soils testing to verify the 
infiltration rates. 

 
 Hotspot Runoff:  Landscape infiltration should not be used to treat hotspots that generate 

higher concentrations of hydrocarbons, trace metals, or toxicants than are found in typical 
stormwater runoff and may contaminate groundwater. 

 
 Infrastructure:  Landscape designers should consider overhead electrical and 

telecommunication lines when selecting plant materials. 
 
Design Guidance: 
 
The following conditions should be considered when designing landscape infiltration: 
 

 Conveyance:  Stormwater runoff is collected in landscaped areas where water will sheetflow 
across the facility, percolate through the planting media, and infiltrate into underlying soils.  
A flow splitter should be used to divert runoff in excess of the ESDv away from the facility at 
non-erosive velocities to a stable, downstream conveyance system.  If bypassing the practice 
is not feasible, an internal overflow devise such as an elevated yard inlet may be used. 

 
 Treatment:  Landscape infiltration shall meet the following design criteria: 

 
o The drainage area to any individual practice shall be 10,000 ft2 or less. 
o The surface area (At) of landscape infiltration practices shall be at least 2% of the 

contributing drainage area.  A PE value based on Equation 5.1 shall be applied to the 
contributing drainage area.   

5.1)(Equation
DA

A
P f

E ×= "20

o Landscape infiltration facilities located in HSG B (i.e., loams, silt loams) shall not 
exceed 5 feet in depth.   Facilities located in HSG A (i.e., sand, loamy sand, sandy 
loam) shall not exceed 12 feet in depth.  

o Landscape infiltration facilities shall be designed to fully dewater the entire ESDv 
within 48 hours. Temporary storage of the ESDv may be provided above the facility.   

o A 12 to 18-inch layer of planting soil shall be provided as a filtering media at the top 
of the facility.   

o A minimum 12-inch layer of gravel is required below the planting soil. 
o A 12-inch layer of clean sand shall be provided at the bottom to allow for a bridging 

medium between the existing soils and stone within the bed.  
o The storage volume for the ESDv shall be determined for the entire system and 

includes the temporary ponding area, the soil, and the sand and gravel layers in the 
bottom of the facility.  Storage calculations shall account for the porosity (n=0.40) of 
the gravel and soil media. 

o Pretreatment measures shall be implemented along the main stormwater runoff 
collection system where feasible.  These include installing gutter screens, a 
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Chapter 5.  Environmental Site Design............................Nonstructural  and Micro-Scale Practices 

 

removable filter screen on rooftop downspout pipes, a sand layer or pea gravel 
diaphragm at the inflow, or a two to three-inch surface mulch layer. 

 
 Soils:  Landscape infiltration shall be installed in HSG A or B.  The depth from the bottom of 

the facility to the seasonal high water table, bedrock, hard pan, or other confining layer shall 
be greater than or equal to four feet (two feet on the lower Eastern Shore). 

 
 Flow Splitter:  A flow splitter should be provided to divert excess runoff away from 

landscape infiltration.  An elevated yard inlet may also be used in the facility for this 
purpose. 

 
 Setbacks:   

 
o Landscape infiltration shall be located down gradient of building structures and shall 

be setback at least 10 feet from buildings, 50 feet from confined water supply wells, 
100 feet from unconfined water supply wells, and 25 feet from septic systems. 

o Landscape infiltration shall be sized and located to meet minimum local requirements 
for clearance from underground utilities. 

 
 Observation Wells:  An observation well consisting of an anchored, perforated pipe (4” to 

6” diameter) shall be provided.  The top of the observation well shall be at least six inches 
above grade. 

 
 Landscaping:  Landscaping plans shall be provided according to the guidance in Appendix 

A.  Plant tolerance to saturated and inundated conditions shall be considered as part of the 
design.  A dense and diverse planting plan will provide an aesthetically pleasing design, 
which will enhance property value and community acceptance.   

 
Construction Criteria: 
 
The following items should be addressed during construction of projects with landscape 
infiltration: 
 

 Erosion and Sediment Control:  Final grading for landscape infiltration should not take 
place until the surrounding site is stabilized.  If this cannot be accomplished, runoff from 
disturbed areas shall be diverted around the proposed location of the facility. 

 
 Soil Compaction:  Sub soils shall not be compacted.  Excavation should be conducted in dry 

conditions with equipment located outside of the practice to minimize bottom and sidewall 
compaction.  Cnstruction of the should be performed with lightweight, wide-tracked 
equipment to minimize disturbance and compaction.  Excavated materials should be placed 
in a contained area. 

 
 Planter Boxes:  Planter boxes may be made of stone, brick, or concrete. 
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Figure 5.11  Landscape Infiltration 

 
Section 

Plan View 
 

 Filter Cloth:  Filter cloth shall not be installed on the bottom of any landscape infiltration 
practice. 
 
Landscape infiltration may be constructed as an excavated trench in natural ground and 
backfilled with sand, gravel, and planting soil.  These applications should use non-woven 
filter cloth to line the sides of the facility to prevent clogging.   
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 Gravel and Filter Media:  See Appendix B.4 for material specifications for the sand, gravel, 
and planting soil media. 

 
 Landscape Installation:  The optimum planting time is during the autumn months.  Spring 

is also acceptable but may require watering. 
 
Inspection: 
 

 Regular inspections shall be made during the following stages of construction: 
 

o During excavation to subgrade. 
o During placement of backfill and observation well. 
o During placement of filter fabric, soil, and gravel media. 
o During construction of appurtenant conveyance structures. 
o Upon completion of final grading and establishment of permanent stabilization. 

 
Maintenance Criteria: 
 
The following items should be addressed to ensure proper maintenance and long-term 
performance of landscape infiltration: 
 

 Privately owned practices shall have a maintenance plan and shall be protected by easement, 
deed restriction, ordinance, or other legal measures preventing its neglect, adverse 
alteration, and removal. 

 
 During the first year of operation, inspection frequency should be after every major storm 

and poorly established areas revegetated. 
 

 Sediment accumulation on the surface of the facility should be removed and the top two to 
three inches of surface layer replaced as needed. 

 
 The top few inches of the planting soil should be removed and replaced when water ponds 

for more than 48 hours or there is algal growth on the surface of the facility. 
 

 If standing water persists after filter media has been maintained, the gravel, soil, and sand 
may need to be cleaned and/or replaced. 

 
 Occasional pruning and replacement of dead vegetation is necessary.  If specific plants are 

not surviving, more appropriate species should be used.  Watering may be required during 
prolonged dry periods. 
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M-6.  Micro-Bioretention 
 

Micro-bioretention practices capture and treat runoff from discrete impervious areas by passing it 
through a filter bed mixture of sand, soil, and organic matter.  Filtered stormwater is either 
returned to the conveyance system or partially infiltrated into the soil.  Micro-bioretention 
practices are versatile and may be adapted for use anywhere there is landscaping.  
 

 
Applications: 
 
Micro-bioretention is a multi-functional practice that can be easily adapted for new and 
redevelopment applications in commercial and industrial projects.  Stormwater runoff is stored 
temporarily and filtered in landscaped facilities shaped to take runoff from various sized 
impervious areas.  Micro-bioretention provides water quality treatment, aesthetic value, and can 
be applied as concave parking lot islands, linear roadway or median filters, terraced slope 
facilities, residential cul-de-sac islands, and ultra-urban planter boxes. 
 
Performance: 
 
The PE values determined by Equation 5.2 may be applied to the ESD sizing criteria when micro-
bioretention systems are designed according to the guidance provided below.  Rev requirements 
are also met when the PE from Equation 5.2 meets or exceeds the soil specific recharge factor 
listed in Section 2.2.  
 
Constraints: 
 
The following constraints are critical when considering the use of micro-bioretention to capture 
and treat stormwater runoff: 
 

 Space:  The surface area of a typical micro-bioretention filter is dependent on the area of the 
contributing imperviousness.  The size and distribution of open areas within a project (e.g., 
parking lot islands, landscaped areas) must be considered early during a project’s planning 
and design if these practices are considered. 

 
 Topography:  Slopes of contributing areas and filter beds should be gradual (< 5%).  If 

slopes are too steep, then level-spreading devices may be needed to redistribute flow prior to 
filtering.  If slopes within micro-bioretention practice are too steep, then a series of check 
dams, terraces, or berms may be needed to maintain sheetflow internally. 

 
There should also be an elevation difference between the inflow and outflow of a micro-
bioretention practice to allow flow through the filter.  This difference is critical when 
designing downstream conveyance systems (e.g., grass channels, storm drains). 

 
 Soils:  Soil conditions are a crucial determining factor for micro-bioretention because 

specific applications will be affected.  When located in sandier soils, these practices may be 
used to promote recharge (see M-3, Landscape Infiltration).  If clayey soils are encountered, 
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an underdrain system may be needed to convey water downstream.  Also, elevated 
groundwater may limit filter bed thickness and excavated applications. 

 
Subsurface water conditions (e.g., water table) will help determine the thickness of filter beds 
used.  The probability of practice failure increases if the filter bed intercepts groundwater.  
Therefore, micro-bioretention practice inverts should be above local groundwater tables. 
 

 Drainage Area:  The drainage area to micro-bioretention practices should be limited.  As the 
impervious area draining to each practice exceeds ½ acre, practice effectiveness weakens and 
larger systems designed according to Chapter 3 should be considered.   

 
 Hotspot Runoff:  Micro-bioretention practices that are designed to promote infiltration of 

runoff into the ground should not be used to treat hotspots that generate higher concentrations 
of hydrocarbons, trace metals, or toxicants than are typically found in stormwater runoff and  
may contaminate groundwater. 

 
 Infrastructure:  The location of existing and proposed buildings and utilities (e.g., water 

supply wells, sewer, storm drains, electricity) will influence the design and construction of 
micro-bioretention.  Landscape designers should also consider overhead electrical and 
telecommunication lines when selecting trees to be planted.  

 
Design Guidance: 
 
The following conditions should be considered when designing micro-bioretention practices: 
 

 Conveyance:  Micro-bioretention systems should be designed off-line whenever possible.  A 
flow splitter should be used to divert excess runoff away from the filter media to a stable, 
downstream conveyance system.  If bypassing a micro-bioretention practice is impractical, 
an internal overflow device (e.g., elevated yard inlet) may be used.   

 
Runoff shall enter, flow through, and exit micro-bioretention practices in a safe and non-
erosive manner.  Inflow may be through depressed curbs with wheel stops, curb cuts, or 
conveyed directly using downspouts, covered drains, or catch basins.  Depending on site 
layout and the size and shape of the impervious area being treated, overflow structures 
should be located to maximize internal flow paths through the filter media.  An underdrain 
system may be necessary to discharge treated stormwater safely downstream.  Underdrains 
may be interconnected to other micro-scale practices as part of a treatment system or directly 
to the storm drain. 
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 Treatment:  Micro-bioretention practices shall meet the following conditions: 
 

o The drainage area to any individual practice shall be 20,000 ft2 or less. 
o Micro-bioretention practices shall capture and store at least 75% of the ESDv. 
o The surface area (Af) of micro-bioretention practices shall be at least 2% of the 

contributing drainage area.  A PE value based on Equation 5.2 shall be applied to the 
contributing drainage area.  Temporary storage of the ESDv may be provided above 
the facility with a surface ponding depth of 12 inches or less.  

5.2)(Equation
DA

A
P f

E ×= "15

o Filter beds shall be between 24 and 48 inches deep. 
o Filter beds shall not intercept groundwater.  If designed as infiltration practices, 

filter bed inverts shall be separated at least four feet vertically (two feet on the lower 
Eastern shore) from the seasonal high water table. 

o A surface mulch layer (maximum 2 to 3 inches thick) should be provided to enhance 
plant survival and inhibit weed growth.   

o The filtering media or planting soil, mulch, and underdrain systems shall conform to 
the specifications found in Appendix B.4. 

 
 Setbacks:   

 
o Micro-bioretention practices should be located down gradient and setback at least 10 

feet from structures.  Micro-bioretention variants (e.g., planter boxes) that must be 
located adjacent to structures should include an impermeable liner. 

o Micro-bioretention practices shall be located at least 30 feet from water supply wells 
and 25 feet from septic systems.  If designed to infiltrate, then the practice shall be 
located at least 50 feet from confined water supply wells and 100 feet from 
unconfined water supply wells. 

o Micro-bioretention practices shall be sized and located to meet minimum local 
requirements for clearance from underground utilities. 

o Any trees planted in micro-bioretention practices shall be located to avoid future 
problems with overhead electrical and telecommunication lines. 

 
 Landscaping:  Landscaping plans shall be provided according to the guidance in Appendix 

A.  Vegetation is critical to the function and appearance of any micro-bioretention system.  
Native and adapted plants are preferred, hardier, and usually require minimal nutrient or 
pesticide application.  Also, aesthetically pleasing landscape designs generally enhance 
property value and community acceptance.  
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Figure 5.14 Micro-Bioretention (Variation 1 - Parking Lot) 

Plan View 

Section 
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Figure 5.15  Micro-Bioretention (Variation 2 - Parking Lot) 

Plan View 

Section 
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Figure 5.16  Micro-Bioretention (Variation 3) 

 
Profile 

 
Plan View 

 
Construction Criteria: 
 
The following items should be addressed during construction of projects with micro-
bioretention: 
 

 Erosion and Sediment Control:  Micro-bioretention practices should not be constructed 
until the contributing drainage area is stabilized.  If this is impractical, runoff from disturbed 
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areas shall be diverted away and no sediment control practices shall be used near the 
proposed location. 

 
 Soil Compaction:  Excavation should be conducted in dry conditions with equipment 

located outside of the practice to minimize bottom and sidewall compaction.  Only 
lightweight, low ground-contact equipment should be used within micro-bioretention 
practices and the bottom scarified before installing underdrains and filtering media. 

 
 Underdrain Installation:  Gravel for the underdrain system should be clean, washed, and 

free of fines.  Underdrain pipes should be checked to ensure that both the material and 
perforations meet specifications.  The upstream ends of the underdrain pipe should be capped 
prior to installation. 

 
 Filter Media Installation:  Bioretention soils may be mixed on-site before placement.  

However, soils should not be placed under saturated conditions.  The filter media should be 
placed and graded using excavators or backhoes operating adjacent to the practice and be 
placed in horizontal layers (12 inches per lift maximum).  Proper compaction of the media 
will occur naturally.  Spraying or sprinkling water on each lift until saturated may quicken 
settling times. 

 
 Landscape Installation:  The optimum planting time is during the Fall.  Spring planting is 

also acceptable but may require watering.   
 
Inspection: 
 

 Regular inspections shall be made during the following stages of construction: 
 

o During excavation to subgrade and placement and backfill of underdrain systems. 
o During placement of filter media. 
o During construction of appurtenant conveyance. 
o Upon completion of final grading and establishment of permanent stabilization. 

 
Maintenance Criteria: 
 
The following items should be addressed to ensure proper maintenance and long-term 
performance of micro-bioretention practices: 
 

 Privately owned practices shall have a maintenance plan and shall be protected by easement, 
deed restriction, ordinance, or other legal measures preventing its neglect, adverse 
alteration, and removal. 

 
 The top few inches of filter media should be removed and replaced when water ponds for 

more than 48 hours.  Silts and sediment should be removed from the surface of the filter bed 
when accumulation exceeds one inch.  
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 Where practices are used to treat areas with higher concentrations of heavy metals (e.g., 
parking lots, roads), mulch should be replaced annually.  Otherwise, the top two to three 
inches should be replaced as necessary.   

 
 Occasional pruning and replacement of dead vegetation is necessary.  If specific plants are 

not surviving, more appropriate species should be used.  Watering may be required during 
prolonged dry periods.   
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M-7.  Rain Gardens 
 

A rain garden is a shallow, excavated landscape feature or a saucer-shaped depression that 
temporarily holds runoff for a short period of time.  Rain gardens typically consist of an 
absorbent-planted soil bed, a mulch layer, and planting materials such as shrubs, grasses, and 
flowers.  An overflow conveyance system is included to pass larger storms.  Captured runoff 
from downspouts, roof drains, pipes, swales, or curb openings temporarily ponds and slowly 
filters into the soil over 24 to 48 hours.  
 

 
Applications: 
 
Rain gardens can be primary or secondary practices on residential, commercial, industrial, or 
institutional sites.  This practice is typically used to treat runoff from small impervious areas like 
rooftops, driveways, and sidewalks.  Rain gardens can also be used in retrofitting and 
redevelopment applications and in series where existing slopes require energy dissipation. 
 
Performance: 
 
The PE values determined by Equation 5.3 may be applied to the ESD sizing criteria when rain 
gardens are designed according to the guidance provided below.  Rev requirements are also met 
when the PE from Equation 5.3 meets or exceeds the soil specific recharge factor listed in Section 
2.2. 
 
Constraints: 
 
The following constraints are critical when considering the use of rain gardens to capture and 
treat stormwater runoff: 
 

 Topography:  Rain gardens require relatively flat slopes (< 5%) to accommodate runoff 
filtering through the system.  Some design modifications can address this constraint through 
the use of infiltration berms, terracing, and timber or block retaining walls on moderate 
slopes.  

 
 Soils:  Clayey soils or soils that have been compacted by construction equipment greatly 

reduce the effectiveness of this practice.  Loosening of compacted soils may improve 
drainage capability.   

 
 Drainage Area:  The drainage area to a rain garden should be relatively small, typically less 

than 2,000 square feet.  
 

 Infrastructure:  The location of existing and proposed buildings and utilities (e.g., water 
supply wells, sewer, storm drains, electricity) will influence rain garden design and 
construction.  Landscape designers should also consider overhead electrical and 
telecommunication lines when selecting trees to be planted. 
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 Location: 
 

o Lot-by-lot use of rain gardens is not recommended in residential subdivisions due to 
removal by homeowners.  If used on a lot-by-lot basis, educating the homeowners 
will be needed to prevent removal. 

o Rain garden excavation in areas with heavy tree cover may damage adjacent tree root 
systems. 

 
Design Guidance: 
 
The following conditions should be considered when designing rain gardens: 
 

 Conveyance:  Runoff shall enter, flow through, and exit rain gardens in a safe and non-
erosive manner.  Energy dissipation shall be provided for downspout discharges using a 
plunge area, rocks, splash blocks, stone dams, etc.  Runoff shall enter a rain garden at the 
surface through grass swales and/or a gravel bed.  A minimum internal slope of one percent 
should be maintained and a shallow berm surrounding the rain garden is recommended to 
avoid short-circuiting.  For sloped applications, a series of rain gardens can be used as 
“scalloped” terraces to convey water non-erosively. 

 
 Treatment:  Rain gardens shall meet the following conditions: 

 
o The drainage area to a rain garden serving a single lot in a residential subdivision 

shall be 2,000 ft² or less.  The maximum drainage area to a rain garden for all other 
applications shall be 10,000 ft2.   Micro-bioretention (M-6) or bioretention (F-6) 
should be considered when these requirements are exceeded. 

o The surface area (Af) of rain gardens shall be at least 2% of the contributing 
drainage area.  A PE value based on Equation 5.3 shall be applied to the contributing 
drainage area.  Temporary storage of the ESDv may be provided above the facility 
with a surface ponding depth of 6 inches or less.   

5.3)(Equation
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o Excavated rain gardens work best where HSG A and B are prevalent.  In areas of 
HSG C and D, at-grade applications or soil amendments should be considered. 

o A minimum six to twelve-inch layer of planting soil shall be provided. 
o A mulch layer two to three inches deep shall be applied to the planting soil to 

maintain soil moisture and to prevent premature clogging. 
o The planting soil and mulch shall conform to the specifications found in Appendix 

B.4. 
 

 Landscaping:  Landscaping plans shall clearly specify how vegetation will be established 
and managed.  A rain garden should be located in full to partial sun, at least two feet above 
the seasonal high water table and be 12 to 18 inches deep.  Plants selected for use in a rain 
garden should tolerate both saturated and dry conditions and be native or adapted to 
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Maryland.  Neatly trimmed shrubs, a crisp lawn edge, stone retaining walls, and other 
devices can be used to keep a rain garden neat and visually appealing.  

 
Construction Criteria: 
 
The following items should be addressed during the construction of projects with rain gardens: 
 

 Erosion and Sediment Control:  Rain gardens shall not be constructed until the 
contributing drainage area is stabilized.  During construction, runoff should be diverted and 
the use of heavy equipment avoided to minimize compaction.   

 
 Planting Soil:  Planting soil should be mixed on-site prior to installation.  If poor soils are 

encountered beneath the rain garden, a four-inch layer of washed gravel (⅛ to ⅜ inch gravel 
preferred) may be used below the planting soil mix.  

 
 Landscape Installation:  The optimum planting time is during the Fall. Spring planting is 

also acceptable but may require watering.   
 
Inspection: 
 

 Regular inspections shall be made during the following stages of construction: 
 

o During excavation to subgrade and placement of planting soil. 
o Upon completion of final grading and establishment of permanent stabilization. 

 
Maintenance Criteria:  The following items should be addressed to ensure proper maintenance 
and long-term performance of rain gardens: 
 

 Privately owned practices shall have a maintenance plan and be protected by easement, deed 
restriction, ordinance, or other legal measures preventing its neglect, adverse alteration, and 
removal. 

 
 Rain garden maintenance is generally no different than that required of other landscaped 

areas. 
 

 The top few inches of the planting soil should be removed and replaced when water ponds 
for more than 48 hours.  Silts and sediment should be removed from the surface of the bed as 
needed.  

 
 Where practices are used to treat areas with higher concentrations of heavy metals (e.g., 

parking lots, roads), mulch should be replaced annually.  Otherwise, the top two to three 
inches should be replaced as necessary. 

 
 Occasional pruning and replacement of dead vegetation is necessary.  If specific plants are 

not surviving, more appropriate species should be used.  Watering may be required during 
prolonged dry periods.  
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Figure 5.17  Rain Garden 

 
Section 

 
Plan View 

 
Section 
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M-8.  Swales 
 

Swales are channels that provide conveyance, water quality treatment, and flow attenuation of 
stormwater runoff.  Swales provide pollutant removal through vegetative filtering, 
sedimentation, biological uptake, and infiltration into the underlying soil media.  Three design 
variants covered in this section include grass swales, wet swales, and bio-swales.  
Implementation of each is dependent upon site soils, topography, and drainage characteristics.  
 

 
Applications: 
 
Swales can be used for primary or secondary treatment on residential, commercial, industrial, or 
institutional sites.  Swales can also be used for retrofitting and redevelopment.  The linear 
structure allows use in place of curb and gutter along highways, residential roadways, and along 
property boundaries.  Wet swales are ideal for treating highway runoff in low-lying or flat terrain 
with high groundwater.  Bio-swales can be used in all soil types due to the use of an underdrain.  
Grass swales are best suited along highway and roadway projects. 
 
Performance: 
 
The PE values determined by the equations 5.2 and 5.3 (reprinted below) may be applied to the 
ESD sizing criteria when grass swales and bio-swales are designed according to the guidance 
provided below.   For wet swales, PE for the contributing drainage area is based on the volume 
captured.  Rev requirements are also met when the applicable PE meets or exceeds the soil 
specific recharge factor listed in Section 2.2.   
 

Swales should not be designed to meet Qp or Qf requirements except under extremely unusual 
conditions.  Swales may be used to convey runoff for these larger storm events however, the 
ESDv should be treated separately.  This can be accomplished with a flow splitter or diversion so 
that the entire design storm is passed safely.    
 
Constraints:  
 
The following constraints are critical when considering the use of swales to capture and treat 
stormwater runoff: 
 

 Topography:  Steep slopes will increase velocity, erosion, and sediment deposition thus 
shortening the design life of the swale. 

 
 Soils:  Design variants are dependent upon soil types.  Grass swales work best in HSG A, B, 

or C and wet swales are best suited for HSG C or D.  Bio-swales typically include an 
underdrain and may be installed in all soil types.  Extreme temperatures and frozen ground 
need to be considered when calculating design volumes. 

 
 Drainage Area:  The drainage area contributing to all design variants should be less than 

one acre.  Practices in Chapter 3 should be considered for larger drainage areas. 
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 Hotspot Runoff:  Swales should not be used to treat hotspots that generate higher 
concentrations of hydrocarbons, trace metals, or toxicants than are found in typical 
stormwater runoff and may contaminate groundwater. 

 
 Location:  The location of swales needs to be considered carefully.  Wet swales are not 

recommended for residential developments due to the potential nuisance or mosquito 
breeding conditions.  Swales along roadways can be damaged by off-street parking and are 
susceptible to winter salt applications.  Also, the choice of vegetation and landscaping can be 
limited in adjacent areas. 

 
Design Guidance: 
 
The following conditions should be considered when designing swales: 
 

 Conveyance:  Stormwater discharged into and through swales needs to be non-erosive.    
Sheetflow should be promoted wherever possible using precise grading, level earthen weirs, 
or pea gravel diaphragms.  If concentrated flow is delivered from curb cuts or storm drain 
pipes, some form of energy dissipation (e.g., plunge pools or rip-rap) is needed.  

 
 Treatment:  All swales shall meet the following criteria: 

 
o Swales shall have a bottom width between two and eight feet. 
o The channel slope shall be less than or equal to 4.0%. 
o The maximum flow velocity for the ESDv shall be less than or equal to 1.0 fps.  
o Swales shall be designed to safely convey the 10-year, 24-hour storm at a non-erosive 

velocity with at least  six inches of freeboard. 
o Channel side slopes shall be 3:1 or flatter.  
o A thick vegetative cover shall be provided for proper function.   

 
The following criteria apply to each specific design variant: 
 
Grass swales:  Grass swales shall be used for linear applications (e.g., roadways) only, and 
shall be as long as the treated surface.  The surface area (Af) of the swale bottom shall be at 
least 2% of the contributing drainage area, and a PE value based on Equation 5.3 shall be 
applied to the contributing drainage area.  The maximum flow depth for ESDv treatment 
should be 4 inches, and the channel should have a roughness coefficient (Manning’s n) value 
of 0.15.  This can be accomplished by either maintaining vegetation height equal to the flow 
depth or using energy dissipaters like check dams, infiltration berms, or riffle/pool 
combinations. 

 
Bio-swales:  The surface area (Af) of the bio-swale bottom shall be at least 2% of the 
contributing impervious area and a PE value based on Equation 5.2 shall be applied to the 
contributing drainage area.  Bio-swales shall be designed to temporarily store at least 75% 
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of the ESDv.  A two to four-foot deep layer of filter media shall be provided in the swale 
bottom.  Underdrains shall be provided in HSG C or D and shall conform to the 
specifications found in Appendix B.4.  The use of underdrains is recommended for all 
applications.  

Wet swales:  Wet swales shall be designed to store at least 75% of the ESDv.  A PE value 
equivalent to the volume captured and treated shall be applied to the contributing drainage 
area. Wet swales should be installed in areas with a high groundwater table and check dams 
or weirs may be used to enhance storage.   
 

 Check Dams:  Check dams or weirs may be used to enhance storage and channel roughness 
or provide grade control in steeper applications.  Where used, these structures should be 
anchored into the swale wall and notched to allow passage of larger design storms with a 
minimum six-inch freeboard.  Plunge pools or other energy dissipation may be required 
where the elevation difference between the tops of weirs to the downstream channel invert is 
a concern. 

 
 Landscaping:  Landscaping plans shall specify proper grass or wetland plantings based on 

the design variant chosen and anticipated hydrologic conditions along the channel (see 
Appendix A).  Native species are best for survival and enhancing bio-diversity and wildlife.  

 
Construction Criteria:  
 
Construction specifications for swales can be found in Appendix B.3.  In addition, the following 
items should be addressed during the construction of projects with swales: 
 

 Erosion and Sediment Control:  Swales are often used for conveying runoff to sediment 
trapping devices during site construction.  Care should be taken to ensure proper construction 
where stormwater management swales are used for this purpose.  After the drainage area is 
completely stabilized, accumulated sediment should be removed and the swale excavated to 
the required dimensions.  Any required infrastructure (e.g., check dams, underdrains) may 
then be installed, the bottom and side slopes scarified, and a good stand of vegetation 
established. 

 
Inspection: 
 

 Regular inspections shall be made during the following stages of construction: 
 

o During placement and backfill of underdrains and the installation of diaphragms, 
forebays, check dams, or weirs. 

o Upon completion of final grading and establishment of permanent stabilization.  
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Figure 5.18  Bio-Swale 

Section 

Plan View 
 
Maintenance Criteria: 
 
The following items should be addressed to ensure proper maintenance and long-term 
performance of swales: 
 

 For grassed swales, regular mowing (at least bi-annually) is critical in order to reduce 
competition from weeds and irrigation may be needed during dry weather to establish 
vegetation.  Sparsely vegetated areas need to be re-seeded to maintain dense coverage.   

 
 If water does not drain within 48 hours, the bottom soil should be tilled and revegetated. 

 
 Inspections should be performed once a year to assess slope integrity, vegetative health, soil 

stability, compaction, erosion, ponding, and sedimentation.  Periodic removal of sediment, 
litter, or obstructions should be done as needed.  Eroded side slopes and the swale bottom 
should be repaired and stabilized where needed. 
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Figure 5.19 Wet Swale 

 
Profile 

Plan View 
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N-1.  Disconnection of Rooftop Runoff 
 

Rooftop disconnection involves directing flow from downspouts onto vegetated areas where it 
can soak into or filter over the ground.  This disconnects the rooftop from the storm drain system 
and reduces both runoff volume and pollutants delivered to receiving waters.  To function well, 
rooftop disconnection is dependent on several site conditions (e.g., flow path length, soils, 
slopes). 
 

  
Applications: 
 
There are many opportunities for disconnecting rooftops in both new and redevelopment designs.  
Runoff may be directed to undisturbed natural areas (e.g., vegetated buffers) or landscaped areas 
(e.g., lawns, grass channels).  Rooftop disconnection is possible in commercial, industrial, and 
residential settings given the constraints listed below. 
 
Performance: 
 
The PE values shown in Table 5.6 may be applied to the ESD sizing criteria when the 
contributing rooftop area is adequately disconnected.  Rev requirements (see Chapter 2) are also 
addressed when the PE from Table 5.6 meets or exceeds the soil specific recharge factor listed in 
Section 2.2.   
 
Constraints: 
 
The following constraints are critical when considering the use of rooftop disconnection to 
capture and treat stormwater runoff:  
 

 Space:  A permeable, vegetated treatment area equal to the flow path length must be 
available down gradient from the downspout to effectively disconnect rooftop runoff.  
Additional treatment using micro-scale practices may be used to fully meet PE requirements. 

 
 Topography:  Runoff must be conveyed as sheetflow from the downspout and across open 

areas to maintain proper disconnection.  Level spreaders may be needed at the downspout to 
dissipate flow.  Additionally, disconnected downspouts should be located on gradual slopes 
(≤ 5%) and directed away from buildings to both maintain sheetflow and prevent water 
damage to basements and foundations.  If slopes are too steep (> 5%), a series of terraces or 
berms may be required to maintain sheetflow.  These terraces may be readily constructed of 
landscaping stones, timber, or earthen berms. 

 
 Soils:  Downspout disconnections work best in undisturbed, sandy soils that allow runoff to 

infiltrate.  Clayey soils or soils that have been compacted by construction equipment greatly 
reduce the effectiveness of this practice and soil amendments may be needed. 
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Figure 5.4  Disconnection of Rooftop Runoff 

 
Plan View 

 
Profile 
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 Drainage Area:  The rooftop area to each downspout should be small enough to prevent 
concentration of flow within the permeable treatment area.  Disconnections may not be 
feasible for large rooftops or those with a limited number of downspouts. 

 
 Reconnections:  Disconnections are ineffective if runoff flows onto impervious areas located 

directly below the downspout.  This practice may not be feasible if there are large areas of 
imperviousness close to downspouts.  

 
Design Guidance: 
 
The following conditions should be considered when designing rooftop disconnections: 
 

 Conveyance:  Runoff from disconnected downspouts shall drain in a safe and non-erosive 
manner through vegetated areas to the property line or downstream BMP. 

  
 Treatment:  Disconnections shall meet the following conditions: 

 
o A pervious area at least 15 feet long (12 feet for Eastern Shore projects) shall be 

available down gradient of disconnected downspouts.  The length of the 
disconnection flow path may be increased up to 75 feet to address larger values of PE 
as shown in Table 5.6. 

o Disconnections shall be located on an average slope of 5% or less.  Terraces, berms, 
or similar grade controls may be used where average slopes exceed 5%. 

o The drainage area to each disconnected downspout shall be 500 ft2 or less. 
o Disconnected downspouts shall be at least 10 ft. from the nearest impervious surface 

of similar or lower elevation to prevent reconnection.   
 
Table 5.6.  ESD Sizing Factors for Rooftop Disconnection 

 Disconnection Flow Path Length (ft.) 
Western 

Shore 
15 30 45 60 75 

Eastern 
Shore 

12 24 36 48 60 

PE (in.) = 0.2 0.4 0.6 0.8 1.0 
 

 Landscaping:  Areas receiving disconnected rooftop runoff shall be identified and notations 
related to grading and construction operations included on the landscaping plans. 
 
Disconnections should be directed over HSG A, B, or C (e.g., sands, sandy loams, loams).  
HSG D or soils that are compacted by construction equipment may need to be tilled and/or 
amended to increase permeability.  Groundcover should be provided after any soil 
amendments are used.  Turf grass is the most common groundcover in residential 
applications.  However, trees and shrubs as well as other herbaceous plants will enhance 
infiltration and evapotranspiration of runoff. 
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Construction Criteria: 
 
The following items should be addressed during the construction of projects with planned 
rooftop disconnections: 
 

 Erosion and Sediment Control:  Erosion and sediment control practices (e.g., sediment 
traps) shall not be located in vegetated areas receiving disconnected runoff. 

 
 Site Disturbance:  Construction vehicles and equipment should avoid areas receiving 

disconnected runoff to minimize disturbance and compaction.  Should areas receiving 
disconnected runoff become compacted, scarifying the surface or rototilling the soil to a 
depth of four to six inches shall be performed to ensure permeability.  Additionally, 
amendments may be needed for tight, clayey soils. 

 
Inspection:  
  
A final inspection shall be conducted before use and occupancy approval to ensure that sizing 
for treatment areas have been met and permanent stabilization has been established. 
 
Maintenance Criteria: 
 
Maintenance of areas receiving disconnected runoff is generally no different than that required 
for other lawn or landscaped areas.  The areas receiving runoff should be protected from future 
compaction (e.g., by planting trees or shrubs along the perimeter).  In commercial areas, foot 
traffic should be discouraged as well. 
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