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CHAPTER 1 

INTRODUCTION 

 

1.1 Project History and Background 

The Baltimore County Department of Environmental Protection and Resource Management 
(DEPRM) initiated the Spring Branch Small Watershed Action Plan in 2008 in response to US 
Environmental Protection Agency comments regarding the Loch Raven Plan inadequacy in 
meeting the EPA generated A through I criteria for watershed planning.    This plan follows in 
the footsteps of prior and continuing efforts to address the environmental conditions of the Loch 
Raven Reservoir watershed.  The previous and continuing efforts include: 

� Reservoir Management Agreement (1979 through 2005) 
� Water Quality Management Plan for Loch Raven Watershed (1997) 
� Source Water Assessment (2004) 

Reservoir Management Agreement 

Loch Raven Reservoir is one of three reservoirs in the Baltimore Metropolitan System serving 
1.8 million people.  Spring Branch is one of the subwatersheds within the Loch Raven Reservoir 
watershed that drains directly to the reservoir.  The Loch Raven reservoir is owned and operated 
by Baltimore City.  As a result of algae blooms within the reservoirs in the 1970s, a Reservoir 
Management Agreement was signed in 1979.  The first Reservoir Watershed Management 
Agreement was signed by Carroll County, Baltimore City, and Baltimore County, in a 
coordinated effort to mitigate emerging pollution problems and establish the basis for continual 
water quality improvement in the reservoirs.  In 1984, 1990, and 2005 the Reservoir 
Management Agreement was updated and re-signed by the cooperating jurisdictions and 
agencies.  The updates strengthened the declarations within the Agreement.  The primary goals 
of the Agreement are the reduction of phosphorus inputs to the reservoirs to prevent algal blooms 
and the resultant degradation of water quality, and the reduction of sediment input to the 
reservoirs to maintain capacity.  The agreement sets up a Reservoir Technical Group to develop 
and implement a Reservoir Watershed Action Strategy.  The Technical Group is composed of 
representatives of the jurisdictions and agencies signing the Agreement and is facilitated and 
coordinated by the Baltimore Metropolitan Council.  The text of the latest agreement can be 
found at: 

http://www.baltometro.org/RWP/ReservoirAgreement2005.pdf   

The Reservoir Action Strategy can be found at: 

http://www.baltometro.org/RWP/RWPActionStrategy2005.pdf  
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The website also contains updates on the status of the implementation of the Action Strategies. 

Water Quality Management Plan for Loch Raven Watershed  

Tetra Tech, Inc. developed the Water Quality Management Plan for Loch Raven Watershed in 
1997 under contract to Baltimore County Department of Environmental Protection and Resource 
Management.  The plan included the development of a pollutant load model using the EPA 
Storm Water Management Model (SWMM) for the entire watershed, stream stability 
assessments (based on case study areas), overall watershed characterization, a management 
planning analysis, and the development of management planning areas and management actions.  
Due to the size of the Loch Raven watershed (~140,000 acres) and limitation on funding 
availability, a case study approach was taken for the stream stability assessment, while the 
balance of the analysis was conducted watershed wide.  Fourteen subwatersheds out of 46 
subwatersheds were selected for the stream stability assessment.  The selected subwatersheds 
provided a representation of the distribution of the land use within the Loch Raven Reservoir 
watershed and included subwatersheds dominated by urban, suburban, agricultural, and forest 
land uses.  The Spring Branch subwatershed was not selected for inclusion in the case study 
assessments, as the stream had already been selected for a stream restoration project and a 
detailed assessment of the stream had already been completed (see Appendix F, Spring Branch 

Stream Restoration – Conceptual Plan Report (Biohabitats, 1995)).       

Source Water Assessment 

A Source Water Assessment was conducted by Maryland Department of the Environment to 
meet the requirements of Section 1453 of the Safe Drinking Water Amendments of 1996.  This 
assessment found that nitrates were the most common pollutants found in groundwater supplies.  
Urban development and agricultural activities were the most common sources of contaminants.  
Agricultural land contributed nutrients and microbial pathogens.  Runoff from urban land 
contributed excessive sediment and deicing compounds.  

1.2 Spring Branch Subwatershed Watershed Overview 

The Spring Branch is a 1,005-acre subwatershed located in the Loch Raven Reservoir watershed 
(Basin No. 02130805), which in turn is located in the Gunpowder River Basin (Figure 1-1).  The 
Spring Branch subwatershed is in the Piedmont region of Maryland.  The subwatershed drains 
directly to southwestern portion of the Loch Raven Reservoir.  It was primarily developed in the 
1950-1970 time period and predates the environmental regulations that are currently in place.  
The controlled storm water discharge resulted in severe stream erosion within the subwatershed.   
 
Prior to 1980, to address the problems in Spring Branch, Baltimore County straightened, and 
channelized Spring Branch to maximize land for development and to divert stormwater.  Sizing 
of many bridges and culverts frequently did not account for flows during large storms, 
subsequently causing backwater effects and flooding.   Sewer lines were installed in the stream 
valleys for gravity flow and ease of construction.  Structures were built close to stream banks  
without accounting for water level increases during large storms, and storm drains linked 
impervious surfaces directly to streams. The removal of vegetative buffer areas and development 
of vast areas of impervious surface compounded adverse effects on this stream.  At the time, 
there was little understanding of the influence these practices would have on long-term stream 
stability and water quality.  
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Figure 1-1: Location of the Spring Branch Subwatershed. 

1.3 Document Organization 

This plan is organized in five chapters.  Chapter 1 presents a short overview of previous planning 
efforts and a brief description of the subwatershed. 

Chapter 2 presents a characterization of the subwatershed, including a GIS analysis of the 
landscape features, a summary of existing data, and a pollutant loading analysis based on the 
Loch Raven Total Maximum Daily Load for Phosphorus and Sediment. 

Chapter 3 presents the overall subwatershed goals and objectives, stakeholder outreach, and 
education efforts. 
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Chapter 4 summarizes the plan for restoration of the Spring Branch subwatershed. 

A series of appendices provides additional detailed information used in the development and 
support for the Spring Branch Small Watershed Action Plan (SWAP).  These appendices 
include: 

• Appendix A – A description on how the Spring Branch SWAP process meets the US 
Environmental Protection Agencies A through I Criteria for watershed planning. 

• Appendix B1 – Public Outreach. 

• Appendix B2  - Public Response and Technology Transfer. 

• Appendix C – A copy of the Chesapeake Bay Program – Best Management Practice 
pollutant load reduction credits. 

In addition, a second volume of appendices of supporting documentation on the condition of the 
Loch Raven Reservoir watershed is provided.  This second volume includes: 

• Appendix D – Spring Branch Stream Restoration – Conceptual Plan Report (Biohabitats, 
1995) 

• Appendix E – Lower Spring Branch – Preliminary Assessment Analysis Report 
(Biohabitats, 2005) 

• Appendix F – Lower Spring Branch – Concept Report (Biohabitats, 2006) 

• Appendix G – Total Maximum Daily Loads of Phosphorus and Sediments for Loch Raven 

Reservoir and Total Maximum Daily Loads of Phosphorus for Prettyboy Reservoir, 

Baltimore, Carroll and Harford Counties, Maryland (MDE 2007) 
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CHAPTER 2 

 

CHARACTERIZATION 

 

 

 

2.1 Introduction 

The physical aspects of a watershed provide the background and context for the associated 
biological and hydrological processes, as well as for the development that takes place on the land 
at the hands of man.  In this chapter, we will describe both the natural physical context and the 
human use and present state of the land in the Spring Branch subwatershed.  Included in this 
chapter will be a summary of water quality and living resources.   

The Spring Branch subwatershed lies mainly within the Piedmont Region of Maryland.  The 
natural Piedmont landscape is characterized by rolling hills, extensive forests, thick soils on 
deeply weathered crystalline bedrock, and abundant forest litter that minimizes overland flow.    

This chapter will be presented in five parts:  the first will document the natural background state 
of the natural resources of the basin (Section 2.2), the second will describe the present state of 
the landscape as it is now, after several centuries of human modification (2.3), the third will 
present the monitoring data available for Spring Branch (2.4), the fourth will discuss the 303(d) 
listings and the TMDLs applicable to Spring Branch (2.5), and the last section will present the 
Spring Branch pollutant loading analysis (2.6).  

2.2 The Natural Landscape 

The natural landscape includes many factors that provide the background context and foundation 
for land use.  Among the factors are the physiographic province, the underlying geology and the 
surface soils, the climate that effects the formation and erosion of soils, the stream drainage 
system, and the forest and wetland cover. 

2.2.1 Climate 

The climate of the region can be characterized as a humid continental climate, with four distinct 
seasons modified by the proximity of the Chesapeake Bay and Atlantic Ocean (DEPRM, 2000).   
Rainfall is evenly distributed through all months of the year, with most months averaging 
between 3.0 and 3.5 inches per month.  Storms in the fall, winter, and early spring tend to be of 
longer duration and lesser intensity than summer storms, which are often convective in nature 
with scattered high-intensity storm cells.  The average annual rainfall, as measured at the 
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Westminster Police barracks, is ~44 inches per year.  The average annual snowfall is 
approximately 21 inches, with the majority of accumulation in December, January, and February.   

The climate of a region affects the rate and form of soil formation and erosion patterns, and, by 
interacting with the underlying geology, influences the stream drainage network pattern and the 
resulting topography.  Climate also affects the distribution and composition of the flora and 
fauna of the aquatic and terrestrial ecosystems.  

2.2.2 Location and Physiogeographic Province  

The Spring Branch subwatershed is located in the Cockeysville area to the west of the Loch 
Raven Reservoir.  The Spring Branch subwatershed lies mainly within the Piedmont 
Physiographic Province, with the lower portion overlapped by geological formations more 
typical of the Coastal Plain Physiographic Province.  The highest point of the subwatershed, 
located just south of Padonia Road, is 536 feet in elevation.  The lowest point in the watershed is 
located Spring Branch discharges to the reservoir, which is 242 feet in elevation.  The Piedmont 
Physiographic Province is characterized by rolling hills of varying steepness dissected by 
streams that occur in dendritic drainage patterns.   

2.2.3 Geology 

The headwaters of Spring Branch subwatershed are located at the top of a geological feature 
known as the Texas Dome.  This is an area of local uplifting characterized by a relatively flat top 
and steep sides.  The geological formations of the Spring Branch subwatershed are shown in 
Figure 2-2, with the acres and percentage of each geological type shown in Table 2-1.  These 
formations affect the chemical composition of surface and groundwater, as well as the recharge 
rate to groundwater.  They are also key to soil formation.  As such, the geology is closely 
correlated with water quality in pristine systems, and affects the buffering of pollution to stream 
systems in developed areas.   

Table 2-1: Spring Branch Geology 

Geology Physiographic Province Acres Percent 

Cockeysville Marble Piedmont 442 44.0 
Baltimore Gneiss Piedmont 224 22.2 
Setters Gneiss Piedmont 17 1.7 
Patuxent Formation Coastal Plain 323 32.1 

Total  1006 100.0 

Cockeysville marble underlies 44% of the Spring Branch subwatershed. This rock type provides 
buffering capacity and due to solution of the bedrock generally provides a greater infiltration 
capacity for the overlying soil.  Approximately a quarter of the underlying bedrock is gneiss.  
This bedrock type is metamorphic.  The density and distribution of cracks in this rock type 
control the amount of water holding capacity of the bedrock.  This may be limited.  The Patuxent 
Formation, an unconsolidated formation, underlies one-third of the subwatershed.  This 
unconsolidated formation is associated with the Coastal Plain Physiographic Province.  At this 
location we have the interface of the Coastal Plain with the Piedmont, where the unconsolidated 
sediments of the Coastal Plain overlap the bedrock formations of the Piedmont.   
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Figure 2-2: Spring Branch Subwatershed Geology 

2.2.4 Topography 

The shape of the land, including its steepness and degree of concavity, affect surface water flows 
and soil erosion, as well as the suitability for development.  The Piedmont Region is 
characterized by rolling hills of varying steepness.  Steep slopes are more prone to overland flow 
and soil erosion, and therefore have a greater potential for generation of pollutants.  Table 2-2 
displays the results for Spring Branch based on the Baltimore County Soil Survey.  Figure 2-2 
displays the distribution of the slope categories.   
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Table 2-2: Spring Branch Topography 

Slope Category Slope Range Acres Percent 

a 0-3% 154 15.3 
b 3-8% 362 36.0 
c 8-15% 362 36.0 
d 15-25% 103 10.2 
e >25% 25 2.5 

Total  1006 100 

The Spring Branch subwatershed is characterized by moderate to steep slopes thoughout most of 
the subwatershed.  A band of high to very high slopes occurs in the upper portion of the 
subwatershed (Figure 2-2).  This is a result of the uplifting associated with the Texas Dome 
geological feature.  The top of the dome (above the band of steep slopes) is relatively flat, as is 
the base of the dome.  The steeper slopes in the upper portion of the watershed provide additional 
energy to the stream flow due to the steeper nature of the stream channel.  This can result in 
greater erosion of the channel after development has occurred.   
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Figure 2-2. Spring branch Subwatershed Topography 

2.2.5 Soils 

Soil type and moisture conditions greatly affect how land may be used and the potential for 
vegetation and habitat on the land. Soil conditions are also one determining factor for water 
quality and quantity in streams and rivers. Soils are an important factor to consider in targeting 
projects aimed at improving water quality or habitat. 
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2.2.5.1 Hydrologic Soil Groups 

The Natural Resource Conservation Service (USDA) classifies soils into four Hydrologic Soil 
Groups (HSG) based on the soil's runoff potential.  Runoff potential is the opposite of infiltration 
capacity; soils with high infiltration capacity will have low runoff potential, and vice versa. The 
four Hydrologic Soils Groups are A, B, C and D, where A's generally have the smallest runoff 
potential and D’s the greatest.  Soils with low runoff potential will be less prone to erosion, and 
their higher infiltration rates result in faster flow-through of precipitation to groundwater.  
However, alluvial soils are often found to be susceptible to erosion. 

Details of the hydrological soils classification can be found in ‘Urban Hydrology for Small 
Watersheds’ published by the Engineering Division of the Natural Resource Conservation 
Service, United States Department of Agriculture, Technical Release–55.  

Group A is composed of sand, loamy sand or sandy loam types of soils. It has low runoff 
potential and high infiltration rates even when thoroughly wetted. They consist chiefly of 
deep, well-to excessively drained sands or gravels and have a high rate of water 
transmission.  

Group B is silt loam or loam. It has a moderate infiltration rate when thoroughly wetted 
and consists chiefly of moderately deep to deep, moderately well to well-drained soils 
with moderately fine to moderately coarse textures.  

Group C soils are sandy clay loam. They have low infiltration rates when thoroughly 
wetted and consist chiefly of soils with a layer that impedes downward movement of 
water, and the soils have moderately fine to fine structure.  

Group D soils are clay loam, silty clay loam, sandy clay, silty clay or clay. This 
Hydrologic Soil Group (HSG) has the highest runoff potential. They have very low 
infiltration rates when thoroughly wetted and consist chiefly of clay soils with a high 
swelling potential, soils with a permanent high water table, soils with a claypan or clay 
layer at or near the surface, and shallow soils lying over nearly impervious material.  

Spring Branch subwatershed hydrologic soil group distribution is displayed in Figure 2-3 and 
in Table 2-3.  Spring Branch soils are dominated by soil types that provide high to moderate 
infiltration rates.  The low to very low infiltration rates are associated with soils that lie along 
the stream system where the high water table limits infiltration rates. 

Table 2-3: Spring Branch Hydrologic Soil Groups 

Hydrologic Soil Group Infiltration Rate Acres Percent 

A High 271 27.0 
B Moderate 560 55.6 
C Low 70 7.0 
D Very Low 105 10.4 

Total  1,006 100.0 
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Figure 2-3.  Spring Branch Subwatershed - Hydrological Soil Groups 

2.2.5.2 Soil Erodibility 

The erodibility of the soil is its intrinsic susceptibility to erosion.  It is one factor (known as the 
K factor) in the Universal Soil Loss Equation, which estimates the rate of erosion at an actual 
site.  Erodibility is based on the physical and chemical properties of the soil, which determine 
how strongly soil particles cohere with one another.  Figure 2-4 shows soil erodibility in the 
Spring Branch subwatershed, and Table 2-4 is the summary erodibility factor.  Low erodibility is 
defined as a K factor <0.24, medium is K between 0.24 and 0.32, and high is K>0.32.  These 
classes are based on groupings in the data that resulted in three classes.  They also represent the 
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breaks used in the Baltimore County Steep Slopes and Erodible Soils Analysis for determining 
riparian buffer widths.   

Spring Branch is characterized by soils that are either highly or moderately erodible.  The highly 
erodible soils are located along the stream channel and along the face of the Texas dome. 

Table 2-4: Spring Branch Erodibility 

K Factor Erodibility Category Acres Percent 

.01 - 0.24 Low 52 5.1 
0.25 - 0.32 Medium 694 69.0 
>0.32 High 260 25.9 

Total  1006 100.0 

 

Figure 2-4.  Soil Erodibility based on the K factor 
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2.2.6 Stream Systems 

Stream systems are a watershed’s circulatory system, and the most visible attribute of the 
hydrological cycle.  Streams are the flowing surface waters, and are distinct from both 
groundwater and standing surface water (such as lakes), though they are connected with both of 
them.  The stream system is an intrinsic part of the landscape, and closely reflects conditions on 
the land.  Streams are a fundamental natural resource, with myriad benefits for plants, animals, 
and humans.  Maintaining a healthy stream system is a priority for many individuals and 
organizations, and requires ensuring that stream flows and water quality closely mimic the 
conditions found in un-impacted watersheds.   

The Spring Branch subwatershed has 3.96 miles of stream channel.  This results in stream 
density (miles of stream/square miles of drainage area) of 2.52.  Compared to Other Piedmont 
streams this stream density is low and indicates that some of the stream channel has either been 
buried or the hydrology has been altered in such a fashion that perennial baseflow is not 
supported in the remaining channel.  The last is evident in the southern portion of the 
subwatershed where a concrete swale has replaced the stream channel and is dry except during 
storm events.  In order to address the erosion in the mainstem of Spring Branch, concrete had 
been installed in previous years.  Prior to the restoration much of the concrete had deteriorated 
with increased erosion.   

2.3 The Human Modified Landscape 

The natural landscape has been modified for human use over time.  The intensity of this 
modification has increased, starting with the colonization of Maryland in the 1600s.  This 
modification has resulted in environmental impacts to both the terrestrial and aquatic 
ecosystems.  This section will provide a characterization of the human modified landscape and 
will explain how that modification is associated with impacts on the natural ecosystem.  The 
characterization will progress from the general characteristics of land use and land cover to 
specific human impacts including impervious cover, drinking water and wastewater, storm water 
systems, discharge permits, zoning, and build-out analysis. 

2.3.1 Land Use 

Based on MDP 2002 GIS land use data, the Spring Branch subwatershed is predominately urban 
in nature.  Table 2-5 tabulates the acreage by land use category, while Figure 2-5 displays the 
distribution within the subwatershed. 

Table 2-5: Spring Branch Land Use 

Land Use Category Land Use Description Acres Percent 

11 Low Density Residential 332 33.0 
12 Medium Density Residential 551 54.8 
13 High Density Residential 37 3.7 
16 Institutional 18 1.7 
41-43 Forest 67 6.7 

Total  1,005 99.9 

As can be seen from Table 2-5 the majority of Spring Branch is residential (91.5%) of varying 
degrees of density, but the bulk of the residential in is the medium density residential category.  
Forest cover accounts for only 6.7% of the land use, with the majority in the lower portion of the 
watershed.  Forest cover is underestimated based on the land use.  There exists an extensive 
canopy cover as can be seen in Figure 2-6. 
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Figure 2-5.  Spring Branch Subwatershed – Land Use 
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Figure 2-6: Spring Branch Aerial 
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Land use has pronounced impacts on water quality and habitat. A forested watershed diminishes 
erosion, absorbs nutrients and slows the flow of water into streams.  Roads, parking areas, and 
roofs are collectively called impervious surface.  Impervious surfaces block the natural seepage 
of rain into the ground.  Unlike many natural surfaces, impervious surfaces typically concentrate 
stormwater runoff, accelerate flow rates, and direct stormwater to the nearest stream. This can 
cause bank erosion and destruction of in-stream and riparian habitat. Watersheds with small 
amounts of impervious surface tend to have better water quality in local streams than watersheds 
with greater amounts of impervious surface.  

2.3.2 Impervious Surfaces 

To derive estimates of impervious surface acreages in the Spring Branch subwatershed a GIS 
analysis using the digitized ‘footprint’ of impervious surfaces based on the interpretation of 
aerial photographs from 1997 was used.  Two data layers were created, one that displays 
roadways and parking lots, and a second that displays buildings, including sheds and detached 
garages.  Sidewalks and driveways were not captured as part of either GIS data layer, therefore, 
the impervious cover estimate will be a little lower than the actual impervious cover.  Table 2-6 
shows acreages covered by buildings and roads, while Figure 2-7 displays the distribution. 

Table 2-6: Spring Branch Impervious Cover 

Category Acres Percent 

Roads 94.6 9.4 
Buildings 92.8 9.2 

Total 187.4 18.6 

 



SPRING BRANCH SMALL WATERSHED ACTION PLAN 

 2-13

 

Figure 2-7: Spring Branch Impervious Cover 

2.3.3 Wastewater 

Wastewater created through human use must be treated and disposed.  This may be 
accomplished in two ways, either through on-site individual wastewater treatment systems 
(septic systems) or through public conveyance to a municipal wastewater treatment plant.  
Residential wastewater consists of all of the water that is typically used by residents, including 
wash water, bathing water, human waste, and any other rinse water (paint brush, floor washing, 
etc).  Spring Branch is entirely served by public sewer. 
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A public sewer system conveys wastewater from individual residences or businesses to a facility 
that treats the wastewater prior to discharge.  The system itself consists of the building sewer and 
cleanouts on individually owned properties.  The individual landowner is responsible for the 
maintenance of this part of the system.  The part of the system that is in the public right-of-way 
is owned and maintained by the local government.  The public system consists of the gravity 
piping system, access manholes, pumping stations, and force mains.   

Environmental impacts associated with the public sewer system are usually the result of sewage 
overflows.  These overflows usually result from blockages within the sewage system, pumping 
station failures, infiltration or exfiltration of sewage effluent due to sewer line 
deterioration/failure.  The environmental impacts themselves include high Biological Oxygen 
Demand, nutrients, bacteria, and turbidity.   

Within Spring Branch subwatershed there are 22.8 miles of public gravity sewer lines and 0.67 
miles of force mains.  The locations of these lines are displayed in Figure 2-8.  While many of 
the lines are located in the street right-of-way, there are also lines that parallel the streams 
system.  The lines adjacent to streams are subject of exposure and damage from stream erosion.  
Prior to the Phase I – Spring Branch stream restoration project, a number of lateral lines were 
exposed by stream erosion and were leaking sewage into the stream channel.  A review of our 
Sanitary Sewer Overflow (SSO) database indicted that no sanitary sewer overflows occurred in 
Spring Branch in the time period of 2001 through 2007. 
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Figure 2-8: Spring Branch Subwatershed Public Sanitary Sewer Line Locations 

2.3.4 Stormwater 

Stormwater consists of the surface and shallow subsurface water that runs off during and 
immediately after storm events.  Impervious surfaces placed in a watershed increase the amount 
of runoff that makes its way to the streams.  Soil characteristics and slope as well as the amount 
and intensity of rainfall affect the amount of runoff water.  Stormwater can carry pollutants from 
impervious surfaces and agricultural operations into the streams.  The increase in the amount of 
runoff due to impervious surfaces (high) and agricultural operations (moderate) typically results 
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in stream erosion that destroys natural habitat and impairs natural ecological function of the 
stream. 

The storm drainage system consists of either, curb and gutter, with associated inlets and piping 
system, or drainage swales.  The function of either system is to remove water quickly from 
roadways to prevent flooding and other potentially hazardous situations.  However, the 
environmental impact from the two types of systems is different.  The curb and gutter system 
with inlets, piping and storm drain outfalls removes water quickly from impervious surfaces and 
routes that water to low spots in the topography, usually directly to the nearest stream.  This type 
of system delivers not only increased volumes of water, but untreated pollutants associated with 
impervious surfaces.  Drainage swales (road side ditches) do not move the water as efficiently as 
curb and gutter systems.  Therefore, the water is slowed somewhat prior to entering the stream.  
The drainage swales also allow some infiltration into the soil, thus reducing the amount of water 
eventually delivered.  The infiltration and the slower movement of water also provide some 
filtering of pollutants.  The majority of the storm drainage systems within the Spring Branch 
subwatershed fall into the curb and gutter category. 

Starting in the mid-1980s, stormwater management was required by Maryland Department of the 
Environment for new development to control the quantity of runoff.  The State’s stormwater 
management regulations evolved from the initial requirement for control of water quantity to 
including water quality control in the early 1990s.  In 2000 a new stormwater design manual was 
released by MDE requiring additional water quality and quantity controls along with stormwater 
management for large-lot subdivisions. 

There are a variety of types of stormwater management facilities that have different pollutant 
removal capabilities.  The initial dry pond design for water quantity management has the lowest 
pollutant-removal efficiency, while those facilities that infiltrate or otherwise filter the water 
have among the highest pollutant-removal capabilities.   

Table 2-7 characterizes the storm drain system within the Spring Branch subwatershed, while 
Table 2-8 summarizes the information the stormwater management facilities present in the 
subwatershed.  Figure 2-9 shows the distribution of both the storm drain system and the 
stormwater management facilities. 

Table 2-7: Spring Branch Storm Drainage System Characteristics 

 Major >36” Diameter Minor <36” Diameter Total 

Number of outfalls 9 41 50 
Number of inlets 40 151 191 
Length of Storm Drain (feet) 7,565 19,335 26,900 
Acres 329 282 611 

Drainage to the storm drain system covers 61% of the subwatershed drainage area.  This storm 
drain conveyance provides fast delivery of runoff to the stream during storm events resulting in a 
quick response to the stream system.  
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Figure 2-9: Spring Branch Subwatershed Storm Drain System and Stormwater Management 
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Table 2-8: Spring Branch Stormwater Management Facilities 

Storm Water Structure 

Number 

Structure Type Drainage 

Area 

Ownership Year 

Approved 

138 Dry Pond 11.43 Private 1981 
956 Underground Storage 3.65 Private 1977 
957 Underground Storage 2.81 Private 1977 
958 Underground Storage 2.80 Private 1977 
1020 Dry Pond 6.81 Public 1991 
2880 Wet Pond (Retrofit) 45.37 Public 1996 

  72.87   

Only 7.2% of watershed area is served by stormwater management.  This is reflective of the fact 
that the majority of development in the subwatershed occurred prior to the implementation of 
stormwater management requirements.  In fact, some of the earliest stormwater management 
facilities installed occur in this subwaterhsed.  The wet pond, which serves 45.37 acres was 
installed as part of the Spring Branch Restoration – Phase I.  

2.3.5 Zoning and Build-Out 

“Zoning is the legal mechanism by which county government is able, for the sake of protecting 

the public health, safety, morals, and/or general welfare, to limit an owner’s right to use 

privately-owned land.” (Baltimore County Office of Planning, 2003).  Zoning therefore controls 
the development patterns that occur over time.  Build-out is the analysis of the number of 
residential units that could be built in a given area, based on the current zoning.  Build-out looks 
at the existing development and, based on the density (allowable housing units), attempts to 
determine how many more residential units can be built in the future.  This analysis is conducted 
to estimate the potential future impacts due to urban development. 

Historical Development 

Using the tax parcel Geographic Information System data layer, the decade of lot improvement 
can be determined.  Table 2-9 presents the information on when residential development 
occurred in Spring Branch and Figure 2-10 displays the distribution of residential development 
by decade. 

Table 2-9: Spring Branch Historical Development Patterns 

Decade of Development Number of Residential 

Units 

Percent 

<1930’s 5 0.2 
1930’s 4 0.2 
1940’s 67 3.3 
1950’s 984 48.6 
1960’s 608 30.0 
1970’s 201 10.0 
1980’s 144 7.1 
1990’s 10 0.5 
2000’s 2 0.1 

 2,025 100 

As can be seen from Table 2-9, the majority of the residential development in Spring Branch 
occurred in the 1950’s and 1960’s with 79% of the development occurring in those two decades.  
The 1970’s experienced a decrease in residential development with only 201 units built.  
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Stormwater management requirements were mandated in 1984.  The last two decades have seen 
limited development within the subwatershed with the addition of only 12 more houses. 

 

Figure 2-10: Spring Branch Historical Development 

 

 

 

 



SPRING BRANCH SMALL WATERSHED ACTION PLAN 

 2-20

Zoning 

The zoning for the Spring Branch subwatershed is strictly residential with varying allowable 
densities.  Table 2-10 presents the acreage by zoning category and the number of allowable 
residential units based on the acreage.  Figure 2-11 displays the distribution of the zoning 
categories. 

Table 2-10: Spring Branch Zoning 

Zoning Category Allowable Density Acres Percent Number of 

Allowable 

units 

DR1 1 unit per acre 226.4 22.5 226 
DR2 2 units per acre 254.4 25.3 508 
DR3.5 3.5 units per acre 284.5 28.5 995 
DR5.5 5.5 units per acre 193.8 19.3 1065 
RC7 1 unit per 25 acres 46.3 4.6 1 

  1,005.4 100 2,795 

Approximately 52% of the subwatershed is zoned for low density residential (DR1, DR2, RC7), 
while the balance is zoned for medium density residential (DR3.5, DR5.5).   A comparison with 
Table 2-9 on historical development would indicate thatan additional 773 residential units can be 
developed within the subwatershed. 
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Figure 2-11.  Zoning in the Spring Branch Subwatershed 

Subwatershed Build-Out 

The watershed build out analysis for the Spring Branch subwatershed was conducted using the 
zoning data layer and the parcel tax assessment data layer to identify improved properties.  The 
maximum legal density was used to assess the number of potential new residential units for 
properties that have already been improved, (but are below full density) and for un-improved 
properties. The publicly owned land and roadways were excluded from the analysis, as these 
lands will not be developed.  The results are displayed in Table 2-11. 
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Table 2-11: Spring Branch Build-Out Analysis 

Zoning 

Category 

Acres Built 

Acres 

Public 

Lands 

& 

Roads 

Acres 

Available for 

New 

Development 

Number 

of 

Allowable 

units 

Number 

of Built 

Units 

Potential 

Number 

of New 

Units 

Minor 

Sub 

Units 

Total 

New 

Units 

DR1 226 189 18 19 226 203 20 1 21 
DR2 254 192 23 36 508 365 72 0 72 
DR3.5 285 199 46 40 995 805 140 27 167 
DR5.5 194 143 32 19 1065 647 107 18 125 
RC7 46 0 46 0 1 0 0 0 0 

 1,005 723 165 114 2,795 2,020 339 46 385 

There were a few improved lots that were above the allowable zoning density.  If these lots were 
to be subdivided a total of an additional 46 units could be developed (Table 2-11, Minor Sub 
column).  After removing the acreage of public lands and roadways, only 114 acres are available 
for new development.  While the zoning would indicate that a total of 2,795 residential units 
could be built (an additional 773 units over the existing 2,022 existing units), this analysis 
indicates that only 385 more units could be developed within the subwatershed.  However, based 
on the trend exhibited under the historical development discussion, it is anticipated that any new 
residential development will be limited. 

2.4 Monitoring Data 

Monitoring within the Spring Branch subwatershed commenced in 2004 as part of our NPDES 
MS4 Permit application.  At that time it consisted of storm event chemical monitoring only.  In 
2005 the chemical monitoring continued under our first 5-year NPDES-MS4 Permit.  The site 
had been selected based on the stream having been selected for a stream restoration project.  The 
chemical monitoring took place at an outfall located at the headwaters of the stream and in-
stream just prior to Potspring Road.  This was also the extent of the stream restoration project.  
Additional chemical monitoring was conducted in the adjacent Long Quarter Branch 
subwatershed; again with a headwater storm drain outfall monitoring location and an in-stream 
monitoring location.  This permitted a paired watershed, up-stream down-stream, before-after, 
comparison to determine the pollutant load reductions.  The biological and geomorphological 
monitoring did not commence prior to the stream restoration project.  Thus all of the results are 
post restoration only, from 1999 through 2005. 

This section will summarize the monitoring information on Spring Branch in relation to the 
stream restoration project.  New pollutant load reductions will be calculated using more recent 
chemical data (Section 2.4.1).  The success of stream restoration in improving the biological 
community will be assessed (2.4.2) and the stability of the stream channel post restoration will 
analyzed (2.4.3). 

2.4.1 Chemical Monitoring 

The chemical data for Spring Branch was analyzed to determine both the short term and longer-
term pollutant load reduction due to stream restoration.  The Spring Branch stream restoration 
was constructed between late September 2006 and the end of February 2006.  The chemical data 
was divided into three groups; before stream restoration (March 1995 - September 1996), 
immediate post restoration (June 2007 – February 2001), and more recent data (April 2004 – 
May 2005).  Previous analysis had included the results from a paired watershed (Long Quarter 
Branch).  Since comparable data for Long Quarter Branch were not available for the more recent 
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time period only the Spring Branch data was used for the comparisons of pollutant load 
reduction.  The Spring Branch monitoring locations are shown in Figure 2-12. 

The analysis included the creation of linear regression equations based on the log10 
transformations of the discharge, suspended sediment, and nutrient data.  This resulted in the 
development of a linear regression equation for each pollutant and each time period.  The 
equations are presented in Table 2-12.  The data points and the regressions are shown in Figures 
2-13 (Total Suspended Solids), 2-14 (Total Nitrogen), and 2-15 (Total Phosphorus).  Each Figure 
displays three graphs representing the three time periods used in the analysis (pre-restoration, 
immediate post-restoration, and seven years port-restoration). 

Table 2-12: Regression Equations Relationship Between Discharge (CFS) and Pollutant Concentrations 

Time Period Total Suspended Solids Total Nitrogen Total Phosphorus 

1995 – 1996 .4141 + 1.211*(logCFS) .5621 - .1079*(logCFS) -1.0016 + .3705*(logCFS) 
1997 – 2001 .5454 + 0.5998*(logCFS)  .3877 - .0808*(logCFS) -1.3768 + .3233*(logCFS) 
2004 – 2005 -.0647 + 1.0448*(logCFS) .3187 - .0434*(logCFS) -1.5049 + .7061*(logCFS) 
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Figure 2-12:  Spring Branch Monitoring Locations 
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TSS Bef ore = 0.7103+1.0412*x  r = .55

TSS Af ter = 0.4226+0.6924*x  r =.56
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Figure 2-13:  Total Suspended Solids (TSS) Data and Regressions for the Three Time Periods. 
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  Figure 2-15:  Total Nitrogen (TN) Data and Regressions for the Three Time Periods 
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TP Bef ore = -1 .0016+0.3705*x    r = .40

TP Af ter = -1.3768+0.3233*x      r = .50

TP Recent  = -1.5049+0.7061*x    r = .82  
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Figure 2-14:  Total Phosphorus (TP) Data and Regressions for the Three Time Periods. 

A water level sensor was installed in Spring Branch and a rating curve was developed from in-
stream discharge measurements made with a pygmy meter.  The only period of record for which 
good data was derived was from July 28, 1999 through March 31, 2001.  Data was recorded at 
10 minute intervals through this time period result in >73,000 individual discharge readings.  
The regression equations determined above, relating pollutant concentration to discharge, were 
used to determine the pollutant concentration for each 10-minute interval.  From this data the 
load was calculated for each 10-minute interval using the following formula: 

PL =(PC*.000008345)*(CFS*448.8*10), where 

 PL =  Pollutant Load, 
 PC = Pollutant Concentration, 
 .000008345 = Conversion factor to convert mg/L to pounds per gallon, 
 CFS = Cubic feet per second, 
 448.8 = Conversion factor to convert cubic feet per second to gallons per minute 
 10 = number of minutes in the interval. 

The results obtained by the above formula were standardized to both an annual pollutant load for 
the drainage area and an annual pollutant load per acre.  The reduction in the pollutant load due 
to stream restoration was then calculated on both a percent reduction for the drainage area to the 
restored stream and on a linear foot of stream reduction.  The per linear foot of the stream 
restoration pollutant load reduction was used previously and is the current standard used by the 
Chesapeake Bay Program for pollutant load credits for stream restoration.  The results are shown 
in Table 2-13. 
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Table 2-13:  Pollutant Load Reductions Due to Stream Restoration 

Monitoring 

Period 

Annual 

Drainage Area 

Load 

Annual per 

Acre Load 

% Pollutant 

Load 

Reduction 

Pollutant 

Reduction/Linear 

Foot 

CBP Credit 

Total Suspended Solids 

Before 44,237 92.0    
After 9,382 19.5 78.8 % 3.49 2.55 
7 Years After 7,505 15.6 83.0 % 3.67  

Total Nitrogen 

Before 5,393 11.2    
After 3,629 7.5 33.0% .176 .02 
7 Years After 3,127 6.5 42.0 % .227  

Total Phosphorus 

Before 203.9 0.42    
After 81.2 0.17 59.5% .0123 .0035 
7 Years After 114.2 0.24 42.9% .0090  

The differences between the Chesapeake Bay Program credit and the calculations presented here 
are due to several factors.   

• In the original calculations, a non-linear estimation procedure on untransformed data was 
used to determine the pollutant loads.  That procedure was forced to go through the origin 
to remove negative pollutant concentrations.  With these calculations, the data were log10 
transformed to enable a linear regression procedure to be preformed.  This procedure 
automatically results in no negative concentrations.   

• To account for differences in the range of range of discharge measured during the three 
period.  The 2004-2005 data highest discharge measurement was 35.48 cfs.  This was 
used as the cutoff for developing the regression equations for the other two periods.  The 
water level sensor record was analyzed and it was found to have only 0.04% of the 
records above 36 cfs.  In the original analysis no provision was made to ensure that the 
data spanned the same range.   

• In the initial analysis an adjustment was made to the original pollutant load reduction 
determination using the results from the headwater outfall and the Long Quarter Branch 
in-stream monitoring site.  No such adjustment was made in this analysis, as there was no 
data for the Long Quarter Branch in-stream monitoring site. 

As with all effectiveness studies of Best Management Practices, additional studies are necessary 
to determine the range of effectiveness of stream restoration for pollutant load reduction.  
However, on the basis of this single study, urban stream restoration provides an effective 
mechanism to address the reductions necessary to meet the Total Maximum Daily Loads and 
Chesapeake Bay Program – Tributary Strategies requirements. 

Mean EMC concentration were calculated for the 1995-2000 time period for Total Suspended 
Solids, Total Nitrogen, Total Phosphorus, and metals (Cd, Cu, Zn, Pb).  The results are displayed 
in Figure 2-16.  In the case of TSS, TN, and TP there was a clear decrease in the mean EMC’s 
after stream restoration compared to prior to restoration, while for metals the pattern is not as 
clear-cut. 
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Figure 2-16: Yearly mean EMCs for the Spring Branch in-stream monitoring site. 

Baseflow analysis 

In 1999, a baseflow analysis was conducted to look at nitrate/nitrite concentrations changes 
longitudinally as one proceeded down stream.  A total of five sites within Spring Branch were 
sampled on ten different dates.  An adjacent subwatershed (Merryman’s Branch) was sampled to 
provide an outside reference point.  The results are displayed in Figure 2-17.   

As can be seen from Figure 2-17, the concentration of nitrate/nitrite nitrogen decreased 
downstream in almost every sampling period.  There are several possibilities for the decrease: 

• the processing of nitrate within the stream system by uptake and denitrification resulted 
in a decrease in concentration; 

• the addition of flow to the stream from storm drain outfalls that flow during dry weather 
and/or the input of groundwater into the stream channel have lower concentrations that 
result in a dilution of the nitrate/nitrite nitrogen concentration. 

Due to staffing limitations, the determination of which mechanism is resulting in lower 
nitrate/nitrite nitrogen concentrations was not made.  The Merryman’s Branch subwatershed site 
results indicate that the concentration of nitrite/nitrite nitrogen was lower for each sampling date.  
Merryman’s Branch has high-density urban residential development in the headwaters, but the 
lower half is forested and in pasture.  As with the Spring Branch sites the much lower 
Merryman’s Branch concentrations could be due to either processing of nitrogen within the 
stream channel or dilution by input of lower concentration groundwater. 
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Figure 2-17: Longitudinal Spring Branch Stream profiles for nitrate-nitrite nitrogen concentrations  
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2.4.2 Biological Monitoring 

The focus of the Spring Branch biological monitoring project was on improvements in the 
benthic macroinvertebrate community as a result of the stream restoration that was completed in 
February 1997.  The research design includes three stations within the restoration area, one site 
below the restoration area and a reference site in Merryman’s Branch (Figure 2-12).  Samples 
have been collected since the spring of 1997 until the spring of 2005.  Until Fall 2003 sampling 
was conducted using a Surber sampler with three replicates collected at each riffle station.  For 
the Fall 2003 monitoring and subsequent monitoring seasons sampling was conducted using the 
MBSS sampling protocols using a D-net.  One D-net sample was collected at each of the 
monitoring sites, where previously three replicate Surber samples were collected.  This change 
was necessitated by the amount of staff time needed to sort each individual Surber sample. 
Greater detail on the research design has been included in earlier reports. The results for the time 
period of 2001 through 2005 are displayed graphically in Figure 2-18 and 2-19. 

Figure 2-18: Spring Branch BIBI Scores, Site by Season. 

Figure 2-18 shows BIBI results for each station by the sampling season.  The figure shows that 
there is no consistent pattern of improvement at any of the sites.  Merryman’s Branch, the 
reference site is the only site to achieve a fain rating during the monitoring period, but even that 
site had excursions into poor ratings.  The drought of 2001 and 2002 followed by the third 
wettest year on record in 2003 could have masked any recovery in the biological community due 
to stream restoration.  The samples from the spring of 2005 were all in the very poor range. 
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Figure 2-19 displays the changes at each site over the sampling period.  SB1, the site below the 
restored reach was consistently rated as very poor by the BIBI scores.  Sites within the restored 
reach ranged from poor to very poor, but scored better than SB1 with the exception of spring 
2003.  Merryman’s Branch was rated higher during most seasons, but was below SB6 in the fall 
of 2001. 
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Figure 2-19: Spring Branch BIBI Scores, Season by Site. 

The biological monitoring of Spring Branch did not indicate any improvement in the biological 
community due to stream restoration, although any improvement may have been masked by the 
extreme conditions experienced during the monitoring period. 

2.4.3  Geomorphological Monitoring 

Baltimore County DEPRM completed a stream restoration design and construction project on 
Spring Branch in Timonium, Maryland in March 1997.  The stream was severely eroded and 
eroding due to urbanization in its 481-acre watershed, constructed mostly in the 1960’s.  The 
over 10,000 foot long project incorporated natural stream channel geometry design parameters 
and soil bioengineering approaches.  After construction was complete, DEPRM retained 
Biohabitats, Inc., the design firm, to provide stream channel geometry monitoring for two years 
following construction to monitor the stability and success of the project.  The findings of the 
first two years of monitoring were that the channel is stable overall even though some erosion 
and aggradation had occurred.  This amount of erosion and aggradation was considered to be 
within the range of normality for a stable channel.  In their report, Biohabitats stated, “More than 
half of the cross sections monitored at the site have experienced almost no change in geometry”.  
Additionally, the profile data shows that the streambed has maintained its design geometry.  
Furthermore, the channel has not shown any serious erosion of the banks indicating any changes 
in the pattern of the stream which would lead to any future property loss.”   
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Subsequent to the first two years, DEPRM staff conducted geomorphological monitoring in 
April, 2001, March, 2003, April, 2004, and January, 2005.  In 2001 three of the 14 monumented 
cross sections used in the first two years monitoring period were located and surveyed.  They are 
CX3, CX11, and CX12 located above Timonium Road, above Green Drive, and below Green 
Drive respectively.  In 2003, 2004 and 2005 CX# 3, CX# 5, CX# 8, CX# 11, and CX # 13 were 
found and surveyed. The cross sections proceed in a downstream direction beginning with CX # 
3 above Timonium Road, except CX#5 is on a tributary to Spring Branch above Hollowbrook 
Rd. 

In addition to the above cross sections, three longitudinal profiles approximately 300 feet long 
each were surveyed in 2003, 2004, and 2005.  Profile #1 corresponds roughly to Biohabitat’s 
Profile #1 and passes through a step/pool sequence ending just above Timonium Road. Profile # 
2 is in the vicinity of Biohabitat’s Profiles #3 and #4 sequence and passes through CX8, and 
Profile #3 is in the vicinity of Biohabitat’s Profile #5 and passes through CX13 and a riffle pool 
sequence.  The beginning and end points of Biohabitat’s original profiles could not be located, 
however these re-runs should include much of the same stream areas.   

Table 2-14 quantifies the degree of cutting and filling of cross sections CX #3, CX #5, CX #8, 
CX #11, and CX #13 for the periods of 1999 – 2005 and 2004 – 2005. The values are in cubic 
feet based on an assumed one-foot wide width along the cross section.  

Table 2-14: Spring Branch Cross Sections 3, 5, 8, 11, & 13 - Cut and Fill for Two Time Periods 

CX 3: Change (cu ft) Period: 2004 – 2005 Period 1999 – 2005 

Total Cut (negative value) -3.3 -3.1 
Total Fill 2.7 1.5 
Total Change 6 4.6 
Net Change -0.6 -1.6 

CX 5: Change (cu ft) Period: 2004 – 2005 Period 1999 – 2005 

Total Cut (negative value) -0.3 -1.6 
Total Fill 1.8 0.5 
Total Change 2.1 2.1 
Net Change 1.5 -1.2 

CX 8: Change (cu ft) Period: 2004 – 2005 Period 1999 – 2005 

Total Cut (negative value) -0.5 0 
Total Fill 3.1 7.5 
Total Change 3.6 7.5 
Net Change 2.6 7.5 

CX 11: Change (cu ft) Period: 2004 – 2005 Period 1999 - 2005 

Total Cut (negative value) - 1.3 -0.2 
Total Fill 2.2 5 
Total Change 3.5 5.2 
Net Change 0.9 4.8 

CX 13: Change (cu ft) Period: 2004 – 2005 Period 1999 - 2005 

Total Cut (negative value) -5.5 -8.6 
Total Fill 2 9.5 
Total Change 7.5 18.2 
Net Change -3.5 0.9 

Upon examination of these values, a trend is evident going from upstream to downstream 
sections. The net change was positive (deposition) during the 1999 – 2005 time period for the 
lower cross sections in contrast to a net degradation in the upstream CX3 and tributary cross 
section CX5. This primarily reflects levee build up - especially for CX 13. Although CX13 
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shows the greatest net cut of the sections for the recent year, this section has undergone the most 
total change due to reshaping its channel effectively making it deeper and more narrow including 
the levee (bank shoulder) buildup. It is also apparent that the greatest total changes for the cross 
sections occurred in the years prior to 2005.  The data indicates that the stream restoration of 
Spring Branch has resulted in a stable stream channel that has undergone minor adjustments. 
Furthermore, the stream was subjected to a record rainfall year including tropical storm “Isabele” 
in 2003 and held up well. 

2.5 303(d) List of Impaired Waters and Total Maximum Daily Load 

(TMDL) 

The Loch Raven Reservoir watershed does not attain the full extent of its designated uses as 
defined in Maryland water quality regulations. These areas, known as “impaired waters”, are 
tracked by MDE under Section 303(d) requirements of the Federal Clean Water Act.  

Maryland Department of the Environment uses the 303(d) list of impaired waters to determine 
the need for establishing Total Maximum Daily Loads (TMDLs). A TMDL is the maximum 
amount of pollutant a given waterbody can assimilate and still meet the standards for its 
designated use. A waterbody may have multiple impairments and multiple TMDLs to address 
them. MDE is responsible for establishing TMDLs.  

In general, TMDLs have two key parts: 

1- Maximum pollutant load that the water can accept while still allowing the waterbody to meet 
its intended use.   

2- Allocation of the maximum pollutant load to point and nonpoint pollutant sources in the 
watershed.   

The list of impairments for waterbodies and any associated total maximum daily loads in the 
Loch Raven Reservoir watershed are summarized below. More information on the 303(d) list can 
be found at: http://www.mde.state.md.us/Programs/WaterPrograms/TMDL/index_new.asp 

A new listing of impaired waterbodies will be prepared in 2008.  The current impairment listings 
for the Loch Raven Reservoir watershed include: 

• Methylmercury 
• Sediment 
• Nutrients 
• Biological Community 

2.5.1 Methylmercury 

The State’s 303(d) list in 2002 included listings for mercury contamination for Loch Raven 
Reservoir and the other two Baltimore-area reservoirs. The entire Loch Raven Reservoir 
watershed was listed.  The listings were based on observed mercury content in fish tissue and on 
a recent change in the EPA methodology for calculating the risk associated with human 
consumption of contaminated fish. Total Maximum Daily Loads (TMDLs) have been completed 
for all three reservoirs and submitted to EPA for approval.   EPA granted approval in August 
2004.   

As part of this effort, MDE submitted a TMDL for mercury for Loch Raven Reservoir watershed 
of 196.6 grams per year.  Although TMDLs as originally defined explicitly call for daily loads, 
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many agencies estimate allowable loads on a per-year basis, rather than a daily basis.  This load 
was primarily allocated to “load” or non-point sources (180.9 grams per year).  With MDE’s 
preparation of this TMDL, Loch Raven Reservoir watershed was placed on the Category 4A list 
for mercury, the list of impaired water bodies for which TMDLs have been completed.  Since the 
primary source of mercury pollution in the watershed is atmospheric deposition from sources 
outside the watershed (especially from coal-fired electric power generating plants), this 
characterization and the SWAP will not further address this contaminant.  The TMDL for 
Methylmercury may be viewed at:  
http://www.mde.state.md.us/Programs/WaterPrograms/TMDL/ApprovedFinalTMDL/TMDL_fin
al_lochraven_Hg.asp .  

2.5.2 Biological 

The 2006, 303(d) list includes Loch Raven Reservoir watershed as being biologically impaired.  
These listings result from Maryland Biological Stream Survey (MBSS) 2000-2004 data. 

The current method that MDE uses to list streams for biological impairment allows for entire 12-
digit watersheds to be listed based on one sample with low biological integrity (either fish or 
macro-invertebrates).  MDE is considering revising this standard, and works with local 
authorities to verify if such listings are based on systemic biological problems associated with 
particular pollutants, or if there are other causes. In the latter case, the water body could 
potentially be taken off the impaired list.  As part of the revised standard, streams and 12-digit 
watersheds with only one sample with a low index of biological integrity could be targeted with 
a more intense monitoring effort to verify if the impaired listing is justified.   

2.5.3  Nutrients and Sediment 

The 303(d) list for 1996 included the entire Maryland portion of Loch Raven Reservoir 
watershed as being “impaired” due to elevated concentrations of nutrients and for sediment.  
While nitrogen levels are elevated in the Loch Raven Reservoir, the primary nutrient of concern 
is phosphorous, due to its significant connection with chlorophyll a levels in the reservoir.   

For the Loch Raven Reservoir Watershed, in 2006 MDE submitted to the EPA a Total Maximum 
Daily Load for phosphorous of 54,941 pounds per year; this represents a 50% reduction from 
1997 levels.  This load was allocated as follows: 30,184 pounds were allocated to non-point 
sources (55%) and 22,010 were allocated to point sources (40%), with an additional allocation of 
2,747 pounds as a margin of safety (5%).    

The sediment impairment listing is due to the infilling of the reservoir with remediation intended 
to extend the length of time before the reservoir fills in.  The sediment Total Maximum Daily 
Load for sediment is 28,925 tons/year.  This load was allocated as follows: 27,715 tons were 
allocated to non-point sources (96%) and 1,201 tons were allocated to point sources (4%), with 
the margin of safety implicit in the modeling.  This represents a 25% reduction from the baseline 
sediment load. 

The scenario run by Maryland Department of the Environment projected a 15% reduction in 
Total Phosphorus from developed lands and a 0% reduction for sediment.  These will be the 
initial targets for meeting the urban land reductions for the Loch Raven TMDL.   

EPA granted approval of the nutrient TMDL in March of 2007.  The TMDL may be viewed at:  
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http://www.mde.state.md.us/Programs/WaterPrograms/TMDL/ApprovedFinalTMDL/TMDL_fin
al_gunpowder_P_sed.asp#TMDL_Loch_Raven_Reservoir  

2.6 Spring Branch Pollutant Load Analysis 

In order to scale the Loch Raven Reservoir watershed Total Maximum Daily Load to the Spring 
Branch subwatershed and to compare loading results derived from other modeling 
methodologies and monitoring data, a series of analyses were performed.  The modeling 
methodologies that were compared included: 

• The Maryland Department of the Environment – Total Maximum Daily Load 
analysis using the HSPF model. 

• The Chesapeake Bay Program – Watershed Model using the HSPF model. 

• The Loch Raven Water Quality Management Plan – pollutant loading analysis using 
the SWMM model. 

• The Baltimore County Department of Environmental Protection – land use pollutant 
load simple model. 

• The Baltimore County Department of Environmental Protection – monitoring 
results for Spring Branch subwatershed. 

With the exception of the Spring Branch monitoring results, the analysis was performed using a 
spreadsheet with either per acre loading for impervious cover and urban pervious cover (MDE-
TMDL, CBP-Watershed models) or per acre loading based on land use (Loch Raven – SWMM, 
DEPRM – Simple Model).  The results of the analysis are displayed in Table 2-15. 

Table 2-15: Spring Branch Subwatershed – Pollutant Load Analysis 

 MDE 

TMDL (HSPF) 

CBP 

(HSPF) 

Loch Raven 

SWMM 

DEPRM SB 

Monitoring 

TP –  

Annual Load 
645 1,681 695 526 422.1 

TP  

Load/Acre 
0.64 1.67 0.69 0.52 0.42 

Sediment – Annual 

Load 
111,765 461,937 186,104 134,284 92,460 

Sediment 

Load/Acre 
111 460 185 134 92 

TN –  

Annual Load 
4,436 15,424 7,132 5,566 11,256 

TN  

Load/Acre 
4.41 15.35 7.10 5.54 11.2 

As can be seen from Table 2-15, the Chesapeake Bay Program – Watershed Model consistently 
calculates higher loads for each of the three constituents analyzed, while the monitoring resulted 
in the lowest loads for Total Phosphorus and Sediment and somewhat higher loads for Total 
Nitrogen compared to the other calculation methods.  Since meeting the Total Maximum Daily 
Load reductions is one of the primary goals in the development of Small Watershed Action 
Plans, the pollutant loads derived from the MDE-TMDL model will serve as the base for 
determining the necessary load reductions.  As indicated in Section 2.5 the scenario run by MDE 
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for meeting the TMDL load reduction assumes a 15% reduction in Total Phosphorus from urban 
lands and no reduction in sediment. 

An analysis of the completed Phase I Spring Branch restoration and the designed restoration for 
Phase II was conducted to determine if the target load reductions will be met.  Phase I included 
the installation of a stormwater wet pond at the headwaters of the stream system and restoration 
of 10,000 linear feet of stream channel.  Included with the restoration of the stream channel was 
planting of 7.1 acres of riparian buffer, and installation of velocity dissipaters  at the storm drain 
outfalls along the stream.  Phase II includes the restoration of an additional 2,500 linear feet of 
eroded stream channel.  In order to calculate the pollutant removal form the stormwater 
management facilities installed as part of development and the wet pond installed as part of the 
restoration project, the drainage areas were calculated.  Using the loading rates for impervious 
cover and urban pervious cover derived from the MDE – TMDL model the load to each facility 
was calculated.  The load reduction efficiency was determined using the Chesapeake Bay 
Program Best Management Practice efficiency table (Appendix C).  The loads to the facilities 
were then reduced by the efficiency.  The results are displayed in Table 2-16 in the second and 
third lines (SWM Removal, Phase I Wet Pond Retrofit).  For the load reduction due to the stream 
restoration the results from the Spring Branch – Phase I study were used.  A mean per linear foot 
load reduction for each constituent was derived by averaging the short term post restoration 
monitoring and the longer term post restoration monitoring (Table 2-13 above).  This resulted in 
the following reduction numbers: 

• Total Suspended Solids – 3.58 pounds per liner foot of restoration 

• Total Phosphorus – 0.0107 pounds per linear foot of restoration 

• Total Nitrogen – 0.202 pounds per linear foot of restoration 

The results are displayed in Table 2-16.  As can be seen from the table, the percent reductions of 
Total Phosphorus and Sediment exceed the targets set by the MDE scenario for meeting the 
TMDL for Loch Raven Reservoir watershed.   

Table 2-16: Spring Branch Restoration – Pollutant Load Reduction 

 Total Phosphorus Sediment Total Nitrogen 

TMDL Load 645 111,765 4436 

SWM Removal 1.8 306 5.7 

Phase I Wet Pond Retrofit 14.5 4,036 55.9 

Phase I Stream Restoration 107.0 35,800 2,020.0 

Phase II Stream Restoration 26.8 8,950 505.0 

Total Pollutant Removal 150.1 49,092 2,586.6 

% Removal 23.3% 43.9% 58.3% 
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CHAPTER 3 

SUBWATERSHED GOALS AND STAKEHOLDER 

OUTREACH 

 

3.1 Subwatershed Goals 

The Baltimore County Stream Restoration Program prioritizes projects, in part, by 
evaluating opportunities identified in the watershed plans.  The Spring Branch Restoration 
project was selected prior to the completion of the Loch Raven Watershed Plan so the site 
was selected based on a watershed approach and systematic assessment to address the 
severity of problems and restoration goals.  Restoration priority was further determined by 
several factors, including (1) benefit of the project to overall watershed health, (2) 
restoration sustainability and availability of easements, (3) stakeholder input and concerns, 
(4) protection of existing infrastructure (roads, bridges, utilities), and (5) estimated 
restoration cost.  

Baltimore County Department of Environmental Protection and Resource Management 
(DEPRM) evaluated the entire length of Spring Branch and initiated the Phase I Spring 
Branch Stream Restoration Project in 1993.  This project was selected to be the pilot 
project for stream restoration in Baltimore County.  The consultant team was selected in 
late 1993 and the conceptual design was initiated in 1994.  The project was selected for the 
following reasons: 

• Numerous stream erosion complaints dating back 10-15 years 
• Significant loss of private property. 
• Exposed sanitary sewer line repeatedly repaired by DPW 
• Water quality degradation - biological monitoring station indicated poor conditions 
• Reservoir Management Agreement - Goal to reduce sediment and  phosphorus 

loadings 
• Typical urban residential stream - no buffers, development encroachment, attempts 

to stabilize banks by citizens with yard debris. 
• Sedimentation from stream bank and channel erosion due to uncontrolled 

stormwater runoff and encroachment. 
• Drains to Loch Raven Watershed – Drinking water reservoir for Baltimore 

Metropolitan Area.   
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Due to the importance of the Loch Raven Reservoir as a public drinking water supply and 
natural trout habitat, streams which drain to the reservoir have been designated a top 
priority for stream restoration.  The goals of the restoration project include: 

• Restore steam channel stability 
• Reduce sediment loading to the Reservoir 
• Improve water quality to Spring Branch and to Loch Raven  
• Eliminate repeated sewer lateral breaks 
• Provide community education and participation 
• Establish buffers (mowed yards to trees) 
• Eliminate loss of property 

Baltimore County has an ambitious plan to restore streams throughout the entire County.  
Spring Branch was selected as the pilot project to combine many innovative techniques 
along the 2 miles of stream and provide immediate water quality benefits to the Reservoir.  
This project received a Community Innovation Award in 1997 from the Chesapeake Local 
Government Advisory Committee.  Baltimore County was selected for its contribution and 
commitment to the protection and restoration of streams, rivers, and the Chesapeake Bay 
through the implementation of the Spring Branch Stream Restoration Project. 

As Spring Branch Project was initiated prior to the preparation of the Loch Raven 
Watershed Water Quality Management Plan, 1997, the Plan excludes the Spring Branch 
Watershed as a potential restoration area.   

Total Maximum Daily Load for Nutrients and Sediment 

With the development of the Total Maximum Daily Load (approved by EPA March, 2007) 
for nutrient and sediment pollution to the Loch Raven Reservoir, the additional goal of 
improving water quality to meet the pollutant load reduction targets was incorporated.  The 
TMDL (Total Maximum Daily Loads of Phosphorus and Sediments for Loch Raven 

Reservoir and Total Maximum Daily Loads of Phosphorus for Prettyboy Reservoir, 

Baltimore, Carroll and Harford Counties, Maryland) developed by Maryland Department 
of the Environment (MDE) can be found in Volume 2, Appendix G.   

Briefly, this TMDL found that Total Phosphorus needed to be reduced by 50% to meet 
water quality standards for dissolved oxygen and chlorophyll a in the Loch Raven 
reservoir.  The scenario developed included a 15% reduction of Total Phosphorus and no 
sediment reduction from developed lands.  The model indicated that changes in the 
nitrogen load would not result in changes in the dissolved oxygen and chlorophyll a.  The 
sediment reduction is based on the preservation of reservoir volume for drinking water.  It 
is anticipated that restoration projects that address phosphorus will also address sediment. 

The opportunities for restoration of urbanized and the cost can severely limit the extent that 
pollutant load reductions can be met by urban restoration.  When those opportunities 
present themselves, and when stakeholder support is present, Baltimore County, to the 
extent that funding is available, avails themselves of the opportunity.  Spring Branch 
subwatershed presents such an opportunity.  The entire subwatershed will be addressed 
between the completed Phase I restoration, and the Phase II restoration currently designed 
and designated for construction in the summer of 2008. 



SPRING BRANCH SUBWATERSHED SMALL WATERSHED ACTION PLAN 

 3-3  

3.2 Spring Branch Watershed Restoration – Stakeholder Outreach 

Baltimore County works to identify and develop rapport among individuals and 
organizations directly and indirectly affected by restoration efforts.  The Stream 
Restoration Program has benefited from fostering partnerships with a wide array of 
stakeholders, including: residential, commercial, and industrial property owners; local and 
regional non-profit organizations, research institutions, and conservation groups; and 
government agencies with vested interest as regulatory bodies or policy-makers.  State and 
federal agencies, community associations, and environmental advocacy groups have 
proven instrumental in efforts to inform, guide and support DEPRM’s restoration goals. 

During both Phases of the planning and design of the Spring Branch Restoration Projects, 
community meetings were held and on-going communication was conducted throughout 
each milestone to ensure stakeholder understanding and support. Several permanent 
easements were secured along Phase I to permit construction activities and to allow 
monitoring and maintenance. One big challenge was educating property owners about the 
importance of maintaining vegetative buffers along streams.  Since many residents prefer 
the neat appearance of a well-manicured lawn, it is sometimes difficult to convince 
property owners that riparian vegetation is necessary for the stability and health of the 
stream.  DEPRM worked with property owners to establish native plantings that require 
minimum maintenance and provide aesthetic benefits.  

For Phase I of the Spring Branch Restoration, DEPRM conducted a public outreach 
program to inform and educate local citizens and affected homeowners about the project.  
This effort included a homeowner survey, stream tours, community meetings, mailings, 
newspaper articles, and stream walks.  An educational video was prepared, displays of the 
project were featured at local festivals, and newspaper articles were published on the 
project.  DEPRM has conducted numerous demonstration tours of the project to further 
assist in transfer of the technology to others.  Local support and valuable input were 
received from citizens.  Examples of the letters to residences and of public information 
prepared and distributed is included in Appendix B1 and B2.  

For Phase II an initial community meeting was conducted to explain the project and to 
engage the property owners in the importance of the restoration project.  Preliminary plans 
were discussed and one-on-one meetings were conducted with several property owners.  
Several access agreements have been secured and the community has been advised of the 
status of the project.     
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CHAPTER 4 

RESTORATION STRATEGIES 

4.1 Overview 

Project Description 

Both phases of Spring Branch restoration address impacts of urbanization, including a 
flashy flow regime, rapid erosion, declining ecological function, failing infrastructure, poor 
water quality and property damage.  The existing conditions in the watershed included 
primarily medium density residential land uses with an imperviousness of approximately 
20%.  

Restoration includes the establishment of a stable planform by adjusting sinuosity and 
armoring stream banks at key locations, water quality improvement with storm drain 
retrofits, reconnection of the stream to the floodplain, and re-establishment of the 
riparian/wetland ecosystem.  In addition to these objectives, Phase I included infrastructure 
improvements including concrete channel removal, and sanitary sewer stabilization. As 
well as storm drain retrofits, including a 4-cell headwater-settling basin.  The location of 
the Phase I and Phase II restoration projects is depicted in Figure 4-1.  The total cost of 
design and construction of Phase I was $2.25 million and Phase II is estimated to be $1.3 
million.   

Restoration Strategies 

This urban stream has experienced severe bank erosion and instability due to extensive 
development in the 1,005-acre watershed, which occurred during the 1950’s and 1960’s 
prior to stormwater management regulations.  Based on pre-restoration monitoring results, 
a significant amount of sediment and associated phosphorus was being carried down 
Spring Branch each year.  Since the stream drains directly into the Loch Raven Reservoir, 
a source of drinking water for 1.8 million users in the Baltimore metropolitan region, the 
effects of sediment and pollutant transport into this impoundment and the Chesapeake Bay 
extended well beyond the stream itself.  

In early 1997 the Baltimore County Department of Environmental Protection and Resource 
Management (DEPRM) completed the restoration of approximate two miles of Spring 
Branch (Phase I) along with the creation of associated wetlands and construction of storm 
drain outfall retrofits to provide storm flow attenuation and water quality enhancement.  In 
2008, the Lower Spring Branch Stream Restoration Project (Phase II) will be completed.  
Phase II will restore approximately 2,500 linear feet of Spring Branch between Dulaney 
Valley Road and Pot Spring Road by creating a stable channel using natural stabilization 
techniques.   
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Figure 4-1: Spring Branch Subwatershed Restoration Projects 

4.2 Phase I – Spring Branch Stream Restoration Project 

Phase I of Spring Branch is located in a heavily developed headwater area. The typical 
problems of stream buffer removal, flashy flow regime, and floodplain encroachment were 
evident.  Two sections of failed concrete and multiple sewer line crossings disrupted 
ecological connectivity.  The system had severely eroding banks due to structural failures 
and the clear water discharge from the high percentage of imperviousness in the watershed. 
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Spring Branch was an unstable stream with a steep gradient, dropping over 180 feet in two 
miles of length.  The channel passed through confined areas of residential development and 
had evolved from a quiet brook into an eroded chasm 30 feet wide and up to 15 feet deep.  
Adjacent homeowners were experiencing flooding, loss of streamside property and 
depreciation of property values due to reduced aesthetics, habitat, and safety hazards.  The 
stream had been channelized and straightened over the years with areas of no vegetation 
along the banks.   

Recognizing that outdated traditional stream improvements such as channelization, lining 
the stream with concrete, and doing piecemeal repairs do not work, DEPRM elected to 
apply a relatively new design approach that accommodates the natural forces and processes 
of streams.   

The design process utilized applied fluvial geomorphologic principles along with hydraulic 
engineering.  Features such as step-pools, meander patterns and flood plains were 
incorporated into the new channel of Spring Branch.  Following construction-grading, the 
new stream channel and other disturbed areas were stabilized using bio-engineering 
techniques incorporating natural materials such as boulders, tree root wads, and live 
fascines to provide soil and channel stability.  As a result, a channel geometry and 
sinuosity was created that is consistent with streams of Maryland’s Piedmont Plateau.    

The Spring Branch initiative was an integration of related projects that included, in 
addition to the stormwater management retrofits, the relocation of an exposed sanitary 
sewer line and the removal of 1740 feet of concrete lined channels. The stormwater retrofit 
was comprised of a 4-cell detention and settling basin to treat the runoff from the 
headwaters of the drainage area.  Maryland Small Creeks and Estuary funding was utilized 
for this water quality retrofit.  The retrofit was planted with wetland vegetation and 
riparian vegetation around the entire site.  Each storm drain outfall was incorporated into 
the design and the construction included rock lined step pools to dissipate energy at the end 
of pipe.   

To prevent erosion and provide aquatic habitat benefits, various soil and bioengineering 
techniques were applied to stabilize the stream banks.   Live facines, brush mattresses and 
live branch layers were employed to provide a natural appearance and effective 
stabilization, Reforestation of twelve acres of disturbed areas with a variety of native trees 
and shrubs was completed in conformance with the County’s Forest Conservation Act.  
Developer fee-in lieu-of mitigation funds were utilized for the plantings. 

4.3 Phase II – Spring Branch Stream Restoration Project 

The Lower Spring Branch project study area is located between Pot Spring and Dulaney 
Valley Road and includes 80 feet of an intermittent concrete-lined tributary.  The study 
reach is approximately 2,600 feet long and receives water from a 1.58 square mile 
watershed.  This project will extend the 1997 restored reach of Spring Branch to Dulaney 
Valley Road.   

The impacts to the lower portion of the stream include channelization, concrete armoring, 
and stormwater runoff from residential development.  This has resulted in considerable 
bank erosion, generally along the left bank, as the stream flows through the neighborhood 
and persistent flooding at the downstream end of the project area.  Prior to the 1980s,  
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Lower Spring Branch was straightened, channelized, and armored to maximize land for 
development and to divert stormwater.  Sizing of the culvert at Dulaney Road did not 
account for flows during large storms, subsequently causing backwater effects and 
flooding.  Sewer lines are installed in the stream valleys adjacent to the stream.  The 
removal of vegetative buffer areas and development of vast areas of impervious surface 
compounded adverse effects on this stream.  

4.4 Results And Benefits 

The stream restoration involves several techniques including bioengineering (live fascines, 
live branch layering and native planting), bank stabilization (root wads, rock toe 
protection) and in-stream structures (vortex rock weirs, step pools).  Stabilizing the 
channel geometry, providing bank protection and recreating stream, wetland and floodplain 
areas along this degraded stream system will address the need for habitat regarding species 
of concern.  The proposed channel reconfiguration provides a more heterogeneous and 
stable substrate, thereby increasing the diversity and abundance of aquatic insects.  The 
creation of pools and riffles will provide habitat and cover for adult fish as well as 
spawning and nursery areas for some of those species.   

The improvements to Spring Branch will benefit the species of concern, such as 
anadromous fish and waterfowl.  With the implementation of this stream/riparian 
restoration project several important functions can be restored in the watershed.    

For Baltimore County, the Spring Branch is a landmark pilot project utilizing innovative 
restoration approaches.  This project was the first stream restoration project in Baltimore 
County and was completed in 1997.  The success of this project gave DEPRM the 
confidence that the natural channel design approach can be used successfully for other 
stream restoration projects implemented through the County’s Capital Improvement 
Program. 

When Phase II is complete, over 14,000 linear feet of stream will be restored.  This project 
will focus on the diverse role freshwater stream systems play in maintaining suitable 
habitat for the living resources of the Chesapeake Bay.  

Based on the pollutant load reduction analysis in Chapter 2 (Section 2.6).  The combined 
pollutant load reduction for Phase I and Phase II will be ~23% for total phosphorus, ~44% 
for sediment and ~58% to nitrogen. 

4.5 Monitoring  

A ten-year monitoring program was implemented on Phase I to measure the stability of the 
stream channel.  Water quality monitoring was also conducted to measure changes in 
pollutant loading from storm flows, as well as, biological monitoring (Chapter 2, Section 
2.4).  The new stream channel has withstood several large storms (during and post 
construction), and the sediment loading appears to be greatly reduced in and along the 
streambed.  Improved habitat and aquatic resources are expected to occur over time.  
Citizen and landowner response has been very positive to date. 

A physical monitoring program will be implemented for Phase II that will include 
surveyed monumented stream cross sections, survey of longitudinal profile, evaluation of 
structures, bed and bank stability assessment and sediment transport functions.   The water 
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quality analysis for Phase II will be limited to biological monitoring of the benthic 
macroinvertebrate community of the restored stream section, with both upstream and 
downstream monitoring, and an outside reference site located at Merryman’s Branch. 
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APPENDIX A 

US ENVIRONMENTAL PROTECTION AGENCY 

A THROUGH I CRITERIA FOR WATERSHED 
PLANNING 

 
 
 
This appendix will provide information on how the development of the Spring Branch 
Subwatershed Small Watershed Action Plan addresses the US Environmental Protection 
Agency (EPA) A through I criteria for watershed planning.  It will serve as a guide to the 
location within the document, including the appendices, where each criteria is addressed. 

a.  An identification of the causes and sources or groups of sources that will 
need to be controlled to achieve the load reductions estimated in this watershed-based 
plan (and to achieve any other watershed goals identified in the watershed-based plan), 
as discussed in item (b) below.  Sources that need to be controlled should be identified 
at the significant subcategory level with estimates of the extent to which they are 
present in the watershed (e.g., X number of dairy cattle feedlots needing upgrading, 
including a rough estimate of the number of cattle per facility; Y acres of row crops 
needing improved nutrient management or sediment control; or Z linear miles of 
eroded streambank needing remediation). 
Loch Raven Reservoir watershed is listed by the Maryland Department of the 
Environment (MDE) as being impaired by nutrients, bacteria, methyl-mercury in fish 
tissue, and stream biology is impaired.  The Spring Branch subwatershed is located 
within the Loch Raven Reservoir watershed.  MDE has prepared Total Maximum Daily 
Loads (TMDL) for nutrients and methyl-mercury.  The TMDL for methyl-mercury 
identifies the source as air bourn mercury from power plant emissions outside of the 
Spring Branch subwatershed planning area.  The TMDL for nutrients identified 
phosphorus as the limiting nutrient for improvements in the reservoir water quality.  The 
model broke down the pollutant sources between point sources (wastewater treatment 
plant discharges and urban stormwater), non-point sources (agricultural sources and 
forest), and stream channel scour.  The agricultural sources were divided into various 
agricultural operation categories.  The TMDL document is included in Volume 2 – 
Appendix G, as support for the phosphorus load reductions necessary to achieve water 
quality standards within the Loch Raven Reservoir, of which Spring Branch is a part.  
EPA approved the TMDL in March 2007.   
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In order to refine the estimates of phosphorus loads for the Spring Branch subwatershed, 
an analysis was conducted based on the per-acre loading rates developed in the TMDL 
model, the Chesapeake Bay Program watershed model, the Loch Raven SWMM model, 
the DEPRM simple model, and Spring Branch monitoring data.  This data is presented in 
Chapter 2.6.   

Additional information was analyzed to refine specific sources of impairment.  This 
information is presented in Chapter 2.   

b.  An estimate of the load reductions expected for the management measures 
described under paragraph (c) below (recognizing the natural variability and the 
difficulty in precisely predicting the performance of management measures over time).  
Estimates should be provided at the same level as in item (a) above (e.g., the total load 
reduction expected for dairy cattle feedlots; row crops; or eroded streambanks. 
Expected phosphorus load reductions were based on the EPA - Chesapeake Bay Program 
load reduction criteria used in their Phase 5 model for the water quality impairments of 
the tidal Chesapeake Bay.  These load reductions are presented in Appendix C.  The 
estimate of pollutant reduction for stream restoration was based on the re-analysis of the 
Spring Branch data presented in Chapter 2.4  Using the information in Appendix C, and 
the reanalysis of the Spring Branch stream restoration data, the phosphorus load 
reductions for the various actions were calculated and presented in Chapter 2, Table 2-16. 

c.  A description of the NPS management measures that will need to be 
implemented to achieve the load reductions estimated under paragraph (b) above (as 
well as to achieve other watershed goals identified in this watershed-based plan), and 
an identification (using a map or a description) of the critical areas in which those 
measures will be needed to implement this plan. 
The management measures that will need to be implemented to meet the pollutant load 
reductions detailed in the TMDL (Appendix G) and analyzed specifically for Spring 
Branch, Chapter 2.6.  Chapter 2.6 details the pollutant reductions that will be achieved 
through implementation of the Spring Branch – Phase I and Phase II restoration.  The 
reductions achieved are above the scenario developed through the TMDL.  This will help 
develop a credit for pollutant load reduction in subwatersheds that have limited 
restoration potential. 

d.  An estimate of the amounts of technical and financial assistance needed, 
associated costs, and/or the sources and the authorities that will be relied upon, to 
implement this plan.  As sources of funding, States should consider the use of their 319 
programs, State Revolving Funds, USDA’s Environmental Quality Incentives Program 
and Conservation Reserve Program, and other relevant Federal, State, local and 
private funds that may be available to assist in implementing this plan. 
The costs for Spring Branch Phase I and Phase II Restoration are presented in Chapter 4. 

e.  An information/education component that will be used to enhance public 
understanding of the project and encourage their earl and continued participation in 
selecting, designing, and implementing the NPS management measures that will be 
implemented. 
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The educational activities to enhance public understanding and encourage participation in 
restoration implementation planning and the installation of best management practices are 
detailed in Exhibits A and B.  

f.  A schedule for implementing the NPS management measures identified in 
this plan that is reasonably expeditious. 
Spring Branch Restoration- Phase I was completed in 1997.  Spring Branch Restoration – 
Phase II is due for construction the summer of 2008.  With the completion of these two 
phases, the restoration of Spring Branch will be complete.  Educational activities 
identified for all of Loch Raven Reservoir watershed will continue.  Some of these 
activities will reach Spring Branch residents. 

g.  A description of interim, measurable milestones for determining whether 
NPS management measures or other control actions are being implemented. 
Interim, measurable milestones are not needed for this subwatershed, as the restoration 
will be complete with the implementation of Phase II. 

h.  A set of criteria that can be used to determine whether loading reductions 
are being achieved over time and substantial progress is being made towards attaining 
water quality standards, and, if not, the criteria for determining whether this 
watershed-based plan needs to be revised or, if a NPDES TMDL has been established, 
whether the NPS TMDL needs to be revised. 
The load reductions due to the restoration activities will be calculated via a spreadsheet 
using the EPA Chesapeake Bay Program – Best Management Practice Pollutant 
Reduction Efficiencies.  These efficiencies will be used in conjunction with the 
implementation tracking to calculate the load reductions being achieved.  The efficiencies 
used will be modified based on any modifications of the EPA Chesapeake Bay Program 
efficiencies.  The efficiency for stream restoration pollutant load reduction is based on the 
re-analysis of the Spring Branch monitoring data; detailed in Chapter 2.4. 

i.  A monitoring component to evaluate the effectiveness of the implementation 
efforts over time, measured against the criteria established under item (h) immediately 
above. 
Chapter 4 details the monitoring that will occur to evaluate the effectiveness of 
implementation of Phase II.  Phase I was extensively monitored for stream stability, 
pollutant load reduction, and aquatic biological community improvement. 
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APPENDIX C 

CHESAPEAKE BAY PROGRAM POLLUTANT LOAD 
REDUCTION EFFICIENCIES 
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Table 1:  Nonpoint Source Best Management Practices that have been Peer-Reviewed and CBP-Approved for Phase 5.0 of the 
Chesapeake Bay Program Watershed Model 

Revised 1/12/06 

Agricultural BMPs How Credited TN Reduction
Efficiency 

TP Reduction
Efficiency 

SED Reduction 
Efficiency 

Riparian Forest Buffers and Wetland Restoration - Agriculture1: 
Landuse 

conversion + 
efficiency 

Efficiency 
applied to 

4 upland acres

Efficiency 
applied to 

2 upland acres

Efficiency 
applied to 

2 upland acres 
Coastal Plain Lowlands Efficiency 25% 75% 75% 
Coastal Plain Dissected Uplands Efficiency 40% 75% 75% 
Coastal Plain Uplands Efficiency 83% 69% 69% 
Piedmont Crystalline Efficiency 60% 60% 60% 
Blue Ridge Efficiency 45% 50% 50% 
Mesozoic Lowlands Efficiency 70% 70% 70% 
Piedmont Carbonate Efficiency 45% 50% 50% 
Valley and Ridge Carbonate Efficiency 45% 50% 50% 
Valley and Ridge Siliciclastic Efficiency 55% 65% 65% 
Appalachian Plateau Siliciclastic Efficiency 60% 60% 60% 

Riparian Grass Buffers - Agriculture: 
Landuse 

conversion + 
efficiency 

Efficiency 
applied to 

4 upland acres

Efficiency 
applied to 

2 upland acres

Efficiency 
applied to 

2 upland acres 
Coastal Plain Lowlands Efficiency 17% 75% 75% 
Coastal Plain Dissected Uplands Efficiency 27% 75% 75% 
Coastal Plain Uplands Efficiency 57% 69% 69% 
Piedmont Crystalline Efficiency 41% 60% 60% 
Blue Ridge Efficiency 31% 50% 50% 
Mesozoic Lowlands Efficiency 48% 70% 70% 
Piedmont Carbonate Efficiency 31% 50% 50% 
Valley and Ridge Carbonate Efficiency 31% 50% 50% 
Valley and Ridge Siliciclastic Efficiency 37% 65% 65% 
Appalachian Plateau Siliciclastic Efficiency 41% 60% 60% 

 

                                                 
1 These peer-reviewed BMP efficiencies and/or landuse conversions will be refined with more recent data for use in Phase 5.0 of the Chesapeake Bay Program Watershed Model 
based on results of the EPA CBPO FY2006 BMP Literature Synthesis project.  Estimated Completion Date:  TBD. 
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Agricultural BMPs (continued) How Credited TN Reduction
Efficiency 

TP Reduction
Efficiency 

SED Reduction 
Efficiency 

 
Conservation Plans - Agriculture1 
(Solely structural practices such as installation of grass waterways in 
areas with concentrated flow, terraces, diversions, drop structures, 
etc.): 
 

Efficiency    

Conservation Plans on Conventional-Till Efficiency 8% 15% 25% 
Conservation Plans on Conservation-Till and Hay Efficiency 3% 5% 8% 
Conservation Plans on Pasture Efficiency 5% 10% 14% 

 
Cover Crops1: 
 

Efficiency    

Cereal Cover Crops on Conventional-Till: Efficiency    
Early-Planting - Up to 7 days prior to published first frost date Efficiency 45% 15% 20% 
Late-Planting - Up to 7 after published first frost date Efficiency 30% 7% 10% 

Cereal Cover Crops on Conservation-Till: Efficiency    
Early-Planting - Up to 7 days prior to published first frost date Efficiency 45% 0% 0% 
Late-Planting - Up to 7 after published first frost date Efficiency 30% 0% 0% 

Commodity Cereal Cover Crops / Small Grain Enhancement on 
Conventional-Till: Efficiency    

Early-Planting - Up to 7 days prior to published first frost date Efficiency 25% 0% 0% 
Late-Planting - Up to 7 after published first frost date Efficiency 17% 0% 0% 

Commodity Cereal Cover Crops / Small Grain Enhancement on 
Conservation-Till: Efficiency    

Early-Planting - Up to 7 days prior to published first frost date Efficiency 25% 0% 0% 
Late-Planting - Up to 7 after prior to published first frost date Efficiency 17% 0% 0% 

Off-stream Watering with Stream Fencing (Pasture) Efficiency 60% 60% 75% 
Off-stream Watering without Fencing (Pasture) Efficiency 30% 30% 38% 
Off-stream Watering with Stream Fencing and Rotational Grazing 
(Pasture)  Efficiency 20% 20% 40% 

                                                 
1 These peer-reviewed BMP efficiencies and/or landuse conversions will be refined with more recent data for use in Phase 5.0 of the Chesapeake Bay Program Watershed Model 
based on results of the EPA CBPO FY2006 BMP Literature Synthesis  project.  Estimated Completion Date:  TBD. 
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Agricultural BMPs (continued) How Credited TN Reduction
Efficiency 

TP Reduction
Efficiency 

SED Reduction 
Efficiency 

Animal Waste Management Systems - Applied to model manure 
acre where 1 manure acre = runoff from 145 animal units: 

Reduction in 
manure acres    

Livestock Systems Reduction in 
manure acres 100% 100% N/A 

Poultry Systems Reduction in 
manure acres 100% 100% N/A 

Barnyard Runoff Control / Loafing Lot Management Reduction in 
manure acres 100% 100% N/A 

Conservation-Tillage1 Landuse 
conversion N/A N/A N/A 

Land Retirement - Agriculture Landuse 
conversion N/A N/A N/A 

Tree Planting - Agriculture Landuse 
conversion N/A N/A N/A 

Carbon Sequestration / Alternative Crops Landuse 
conversion N/A N/A N/A 

Nutrient Management Plan Implementation - Agriculture Built into 
simulation 

135% of 
modeled crop 

uptake 

135% of 
modeled crop 

uptake 
N/A 

Enhanced Nutrient Management Plan Implementation – Agriculture1 Built into 
simulation 

115% of 
modeled crop 

uptake 

115% of 
modeled crop 

uptake 
N/A 

Alternative Uses of Manure / Manure Transport Built into 
preprocessing 

Reduction in 
nutrient mass 

applied to 
cropland 

Reduction in 
nutrient mass 

applied to 
cropland 

N/A 

Poultry Phytase Built into 
preprocessing N/A 

Reduction in 
nutrient mass 

applied to 
cropland 

N/A 

                                                 
1 These peer-reviewed BMP efficiencies and/or landuse conversions will be refined with more recent data for use in Phase 5.0 of the Chesapeake Bay Program Watershed Model 
based on results of the EPA CBPO FY2006 BMP Literature Synthesis project.  Estimated Completion Date:  TBD. 
 



 5/10 

 
C-5

 

Agricultural BMPs (continued) How Credited TN Reduction
Efficiency 

TP Reduction
Efficiency 

SED Reduction 
Efficiency 

Dairy Precision Feeding / and Forage Management1 

Built into 
preprocessing 

Reduction in 
nutrient mass 

applied to 
cropland 

Reduction in 
nutrient mass 

applied to 
cropland 

N/A 

Swine Phytase 
 

Built into 
preprocessing N/A 

Reduction in 
nutrient mass 

applied to 
cropland 

N/A 

 
Continuous No-Till: 
 

    

Below Fall Line Efficiency 10% 20% 70% 
Above Fall Line Efficiency 15% 40% 70% 

 
Water Control Structures Efficiency 33% N/A N/A 

 
Urban and Mixed Open BMPs 
 

    

 
Stormwater Management:: 
 

Efficiency    

Wet Ponds and Wetlands1 Efficiency 30% 50% 80% 
Dry Detention Ponds and Hydrodynamic Structures1 Efficiency 5% 10% 10% 
Dry Extended Detention Ponds1 Efficiency 30% 20% 60% 
Infiltration Practices Efficiency 50% 70% 90% 
Filtering Practices Efficiency 40% 60% 85% 

 
Erosion and Sediment Control1 
 

Efficiency 33% 50% 50% 

Urban and Mixed Open BMPs (continued) How Credited TN Reduction TP Reduction SED Reduction 
                                                 
1 These peer-reviewed BMP efficiencies and/or landuse conversions will be refined with more recent data for use in Phase 5.0 of the Chesapeake Bay Program Watershed Model 
based on results of the EPA CBPO FY2006 BMP Literature Synthesis project.  Estimated Completion Date:  TBD. 
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Efficiency Efficiency Efficiency 
 
Nutrient Management (Urban) 
 

Efficiency 17% 22% N/A 

 
Nutrient Management (Mixed Open) 
 

Efficiency 17% 22% N/A 

Abandoned Mine Reclamation 

Landuse 
change 

converted to 
efficiency 

Varies by  
model segment

Varies by  
model segment

Varies by  
model segment 

Riparian Forest Buffers – Urban and Mixed Open 
Landuse 

conversion + 
efficiency 

25% 50% 50% 

Wetland Restoration – Urban and Mixed Open Landuse 
conversion N/A N/A N/A 

Stream Restoration – Urban and Mixed Open1  
Load reduction 
converted to 

efficiency 
0.02 lbs/ft 0.0035 lbs/ft 2.55 lbs/ft 

Impervious Surface and Urban Growth Reduction / Forest 
Conservation 

Landuse 
conversion N/A N/A N/A 

Tree Planting – Urban and Mixed Open Landuse 
conversion N/A N/A N/A 

 
Resource and Septic BMPs 
 

    

Forest Harvesting Practices1 Efficiency 50% 50% 50% 
Septic Denitrification Efficiency 50% N/A N/A 
Septic Pumping Efficiency 5% N/A N/A 

Septic Connections / Hook-ups Removal of 
systems N/A N/A N/A 

 

                                                 
1 These peer-reviewed BMP efficiencies and/or landuse conversions will be refined with more recent data for use in Phase 5.0 of the Chesapeake Bay Program Watershed Model 
based on results of the EPA CBPO FY2006 BMP Literature Synthesis project.  Estimated Completion Date:  TBD. 
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Table 2:  Nonpoint Source Best Management Practices Requiring Additional Peer-Review 

for Phase 5.0 of the Chesapeake Bay Watershed Model 
Revised 1/12/06 

 
(Note:  Credit and Efficiencies are listed in parenthesis  

since they have not received formal peer review) 

Agricultural BMPs 
Requiring Peer 
Review 

How Credited 
TN 

Reduction 
Efficiency

TP 
Reduction 
Efficiency

SED 
Reduction 
Efficiency

CBP Lead 
Status                                         

Estimated Completion Date 

Precision Agriculture (Built into 
simulation) N/A N/A N/A 

Tributary Strategy Workgroup 
EPA CBPO FY2006 BMP Literature Synthesis project will 

determine efficiency for Phase 5.0 
Completion Date:  TBD 

 
Delaware Maryland Agribusiness Association plans to 
work with CBPO to provide tracking data for this BMP. 

Manure Additives TBD TBD TBD TBD 
Agriculture Nutrient Reduction Workgroup 

TBD 
TBD 

Ammonia Emission 
Reductions 

(Built into 
preprocessing) 

(Reduction 
in ammonia 
deposition)

N/A N/A 

Tributary Strategy Workgroup 
EPA CBPO FY2006 BMP Literature Synthesis project will 

determine efficiency 
Completion Date:  TBD 

Precision Grazing Efficiency (25%) (25%) (25%) 

Agriculture Nutrient Reduction Workgroup              
Tributary Strategy Workgroup EPA CBPO FY2006 BMP 

Literature Synthesis project will determine efficiency 
Completion Date:  TBD 

Mortality Composters Efficiency (14%) (14%) N/A 
Tributary Strategy Workgroup 

EPA CBPO 2006/2007 project will determine efficiency 
June 2008 

Horse Pasture 
Management Efficiency (20%) (20%) (40%) 

Tributary Strategy Workgroup 
EPA CBPO FY2006 BMP Literature Synthesis project will 

determine efficiency 
Completion Date:  TBD 
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Agricultural BMPs 
Requiring Peer 
Review (continued) 

How Credited 
TN 

Reduction 
Efficiency

TP 
Reduction 
Efficiency

SED 
Reduction 
Efficiency

CBP Lead 
Status                                          

Estimated Completion Date 

Non-Urban Stream 
Restoration 

Load reduction 
converted to 

efficiency 
    

Non-Urban Stream 
Restoration on 
Conventional-Till 
and Pasture 

Load reduction 
converted to 

efficiency 

(0.026 
lbs/ft) 

(0.0046 
lbs/ft) (3.32 lbs/ft)

Tributary Strategy Workgroup 
EPA CBPO FY2006 BMP Literature Synthesis project will 

determine efficiency 
Completion Date:  TBD 

Non-Urban Stream 
Restoration on 
Conservation-Till, 
Hay 

Load reduction 
converted to 

efficiency 
(0.02 lbs/ft) (0.0035 

lbs/ft) (2.55 lbs/ft)

Tributary Strategy Workgroup 
EPA CBPO FY2006 BMP Literature Synthesis project will 

determine efficiency 
Completion Date:  TBD 

Urban and Mixed 
Open BMPs 
Requiring Peer 
Review 

     

Non-Urban Stream 
Restoration on Mixed 
Open 

Load reduction 
converted to 

efficiency 
(0.02 lbs/ft) (0.0035 

lbs/ft) (2.55 lbs/ft)

Tributary Strategy Workgroup 
EPA CBPO FY2006 BMP Literature Synthesis project will 

determine efficiency 
Completion Date:  TBD 

Dirt & Gravel Road 
Erosion & Sediment 
Control on Mixed Open 

Load reduction 
converted to 

efficiency 
(0.02 lbs/ft) (0.0035 

lbs/ft) (2.55 lbs/ft)

Tributary Strategy Workgroup 
EPA CBPO FY2006 BMP Literature Synthesis project will 

determine efficiency 
Completion Date:  TBD 

Roadway Systems TBD TBD TBD TBD 

Urban Stormwater Workgroup (USWG)               
USWG will meet with Departments of Transportation to 

identify roadway BMPs and efficiencies                
TBD 

Urban Street 
Sweeping and Catch 
Basin Inserts 

Efficiency (10%) (10%) (10%) 

Urban Stormwater Workgroup                       
EPA CBPO street sweeping project will provide efficiency 
recommendations for the Urban Stormwater Workgroup 

review in Fall 2007 
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Urban and Mixed 
Open BMPs 
Requiring Peer 
Review (continued) 

How Credited 
TN 

Reduction 
Efficiency

TP 
Reduction 
Efficiency

SED 
Reduction 
Efficiency

CBP Lead 
Status                                          

Estimated Completion Date 

Riparian Grass Buffers 
– Urban and Mixed 
Open 

TBD TBD TBD TBD TBD 

Resource BMPs 
Requiring Peer 
Review 

     

Non-Urban Stream 
Restoration on Forest 

Load reduction 
converted to 

efficiency 
(0.02 lbs/ft) (0.0035 

lbs/ft) (2.55 lbs/ft)

Tributary Strategy Workgroup 
EPA CBPO FY2006 BMP Literature Synthesis project will 

determine efficiency 
Completion Date:  TBD 

Dirt & Gravel Road 
Erosion & Sediment 
Control on Forest 

Load reduction 
converted to 

efficiency 
(0.02 lbs/ft) (0.0035 

lbs/ft) (2.55 lbs/ft)

Tributary Strategy Workgroup 
EPA CBPO FY2006 BMP Literature Synthesis project will 

determine efficiency 
Completion Date:  TBD 

Voluntary Air Emission 
Controls within 
Jurisdictions (Utility, 
Industrial, and Mobile) 

Built into 
preprocessing 

(Reduction 
in nitrogen 

species 
deposition)

N/A N/A 

 
Nutrient Subcommittee                            

TBD 
TBD 

 
Table 3:  Nonpoint Source Best Management Practices that have been Peer Reviewed and CBP Approved for the Chesapeake 

Bay Water Quality Model 
Revised 1/12/06 

Shoreline BMPs How Credited TN Reduction
Efficiency 

TP Reduction
Efficiency 

SED Reduction 
Efficiency 

Structural Tidal Shoreline Erosion Control Water Quality 
Model N/A N/A N/A 

Non-Structural Tidal Shoreline Erosion Control Water Quality 
Model N/A N/A N/A 
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Table 4:  Nonpoint Source Best Management Practices Requiring Additional Peer Review 
for the Chesapeake Bay Water Quality Model 

Revised 1/12/06 

Resource BMPs How Credited 
TN 

Reduction
Efficiency

TP 
Reduction
Efficiency

SED 
Reduction
Efficiency

CBP Lead 
Status                                         

Estimated Completion Date 

Coastal Floodplain 
Flooding TBD TBD TBD TBD 

Sediment Workgroup 
TBD 
TBD 

SAV Planting and 
Preservation 

Water Quality 
Model TBD TBD TBD 

Living Resources Subcommittee                      
TBD 
TBD 

Oyster Reef 
Restoration and 
Shellfish Aquaculture 

Water Quality 
Model TBD TBD TBD 

TBD 
TBD 
TBD 

Structural Shoreline 
Erosion Controls: 

     

Sediment Workgroup 
TBD 
TBD  

 
    

Shoreline 
hardening  

 

Water Quality 
Model TBD TBD TBD 

Sediment Workgroup 
TBD 
TBD 

Resource BMPs 
(continued) How Credited 

TN 
Reduction
Efficiency

TP 
Reduction
Efficiency

SED 
Reduction
Efficiency

CBP Lead 
Status                                          

Estimated Completion Date 
Off-shore 
breakwater 

 

Water Quality 
Model TBD TBD TBD 

Sediment Workgroup 
TBD 
TBD 

Headland control 
 

Water Quality 
Model TBD TBD TBD 

Sediment Workgroup 
TBD 
TBD 

Breakwater 
systems 

Water Quality 
Model TBD TBD TBD 

Sediment Workgroup 
TBD 
TBD 
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EXECUTIVE SUMMARY 
 
This document, upon approval by the U.S. Environmental Protection Agency (EPA), 
establishes Total Maximum Daily Loads (TMDLs) for phosphorus and sediments in Loch 
Raven Reservoir (basin code 02-13-08-05) and for phosphorus in Prettyboy Reservoir 
(basin code 02-13-08-06).     
  
Prettyboy Reservoir and Loch Raven Reservoir (referred to also as the Gunpowder 
Reservoirs), Use III-P waterbodies (COMAR 26.08.02.08J(4)), were identified on the 
303(d) List submitted to EPA by the Maryland Department of the Environment (MDE) as 
impaired by nutrients (1996), sediments (1996 – Loch Raven), metals (1996), bacteria 
(2002 – Prettyboy), mercury in fish tissue (2002), and impacts to biological communities 
(2002 & 2004).  This document upon approval from EPA, establishes TMDLs for the 
nutrient and sediment impairments.  TMDLs were completed in 2002 for both reservoirs 
for the mercury listings.  Water Quality Analyses were completed for both reservoirs for 
the metals listings in 2003.  Other impairments within these watersheds will be addressed 
separately at a future date.  
 
The water quality goal of the nutrient TMDLs is to reduce high chlorophyll a (Chla) 
concentrations that reflect excessive algal blooms, and to maintain dissolved oxygen 
(DO) at a level supportive of the designated uses for Prettyboy and Loch Raven 
Reservoirs.  The water quality goal of the sediment TMDL for Loch Raven Reservoir is 
to increase the useful life of the reservoir for water supply by preserving storage capacity. 
 
The TMDLs for the nutrient total phosphorus (TP) were determined using a time-
variable, two-dimensional water quality eutrophication model, CE-QUAL-W2 (“W2”), to 
simulate water quality in each reservoir.  The TMDLs are based on average annual total 
phosphorus loads for the simulation period 1992-1997, which includes both wet and dry 
years, and thus takes into account a variety of hydrological conditions.  Chla 
concentrations indicative of eutrophic conditions can occur at any time of year and are 
the cumulative result of phosphorus loadings that span seasons.  Thus, average annual 
phosphorus total loads are the most appropriate measure for expressing the nutrient 
TMDLs for Prettyboy and Loch Raven Reservoirs.  Similarly, the sediment TMDL for 
Loch Raven Reservoir, which is based on the water quality modeling performed for the 
nutrient TMDLs, is expressed as an average annual load in keeping with the long-term 
water quality goal of preserving the storage capacity of the reservoir. 
 
The TMDLs include (1) a wasteload allocation (WLA) to municipal wastewater 
treatment plants and municipal storm sewer systems, (2) a load allocation (LA) to 
nonpoint sources, and (3) a 5% margin of safety (MOS) for the nutrient TMDLs and an 
implicit MOS for the sediment TMDL.  The table below summarizes the nutrient and 
sediment TMDLs. 
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Summary of Nutrient and Sediment TMDLs  
for Prettyboy and Loch Raven Reservoirs  

Waterbody Constituent TMDL WLA LA MOS 
Prettyboy Reservoir TP (lbs/yr) 23,192 2,940 19,072 1,160 
Loch Raven Reservoir TP (lbs/yr) 54,941 22,010 30,184 2,747 
Loch Raven Reservoir Sediment  (tons/yr) 28,925 1,210 27,715 Implicit 
 
Numerous factors provide assurance that these TMDLs will be implemented.  First, 
National Pollutant Discharge Elimination System (NPDES) permits for both wastewater 
treatment plants and urban stormwater systems will play important roles in assuring 
implementation.  Second, Maryland has several well-established programs that may be 
drawn upon, including Maryland’s Tributary Strategies for Nutrient Reductions 
developed in accordance with the Chesapeake Bay Agreement.  Third, Maryland’s Water 
Quality Improvement Act of 1998 requires that nutrient management plans be 
implemented for all agricultural lands throughout Maryland.  Fourth, local jurisdictions, 
along with MDE and other stakeholders, have implemented a formal agreement, the 
Reservoir Watershed Management Agreement, to protect water quality in the reservoirs.  
Fifth, a Watershed Restoration Action Strategy (WRAS) is currently in development for 
the Prettyboy Reservoir.  Sixth, Maryland has adopted a watershed cycling strategy, 
which will assure that routine future monitoring and TMDL evaluations are conducted.  
Additionally, the federal Safe Drinking Water Act requires states to develop and 
implement source water assessment programs to study the safety and evaluate the 
vulnerability of drinking water sources to contamination.  The source water assessment 
for Loch Raven Reservoir Watershed (including Prettyboy Reservoir) is described fully 
in MDE, 2004.
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1.0 INTRODUCTION 
 
Section 303(d)(1)(C) of the federal Clean Water Act (CWA) and the U.S. Environmental 
Protection Agency’s (EPA) implementing regulations direct each state to develop a Total 
Maximum Daily Load (TMDL) for each water quality limited segment (WQLS) on the 
Section 303(d) List, taking into account seasonal variations and a protective margin of 
safety (MOS) to account for uncertainty.  A TMDL reflects the total pollutant loading of 
the impairing substance a waterbody can receive and still meet water quality standards.  
 
TMDLs are established to achieve and maintain water quality standards.  A water quality 
standard is the combination of a designated use for a particular body of water and the 
water quality criteria designed to protect that use.  Designated uses include activities such 
as swimming, drinking water supply, and shellfish propagation and harvest. Water quality 
criteria consist of narrative statements and numeric values designed to protect the 
designated uses.  Criteria may differ among waters with different designated uses.  
 
Prettyboy Reservoir and Loch Raven Reservoir (also referred to as the Gunpowder 
Reservoirs), Use III-P waterbodies (COMAR 26.08.02.08J(4)), were identified on the 
303(d) List submitted to EPA by the Maryland Department of the Environment (MDE) as 
impaired by nutrients (1996) – due to signs of eutrophication, expressed as high 
chlorophyll a (Chla) levels, sediments (1996 – Loch Raven), metals (1996), bacteria 
(2002 – Prettyboy), mercury in fish tissue (2002), and impacts to biological communities 
(2002 and 2004).  Eutrophication is the over-enrichment of aquatic systems by excessive 
inputs of nutrients, especially nitrogen and/or phosphorus.  The nutrients act as a fertilizer 
leading to the excessive growth of aquatic plants, which eventually die and decompose, 
leading to bacterial consumption of dissolved oxygen (DO).  Prettyboy Reservoir is also 
listed as impaired because of seasonal DO concentrations less than 5.0 mg/l in the 
hypolimnion.  This document upon approval from EPA, establishes TMDLs for the 
nutrient and sediment impairments.  TMDLs were completed in 2002 for both reservoirs 
for the mercury listings.  Water Quality Analyses were completed for both reservoirs for 
the metals listings in 2003.  Other impairments within these watersheds will be addressed 
separately at a future date.  
 

2.0 SETTING AND WATER QUALITY DESCRIPTION 
 

2.1 General Setting and Source Assessment 
 
Both Prettyboy and Loch Raven Reservoirs lie in the Gunpowder Falls watershed (Figure 
1).  Gunpowder Falls drains into Chesapeake Bay north of the City of Baltimore. The 
portion of the watershed draining to the reservoirs lies primarily in Baltimore and Carroll 
Counties, but also includes small portions of Harford County and York County, PA.  
Both reservoirs are part of the water supply system for Baltimore City and surrounding 
jurisdictions.  Water supply intakes in Loch Raven Reservoir feed Baltimore City’s 
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Montebello Water Treatment Plant.  Prettyboy Reservoir, which is upstream of Loch 
Raven Reservoir, is used as a secondary reservoir to maintain capacity in Loch Raven 
Reservoir.  

 

 
Figure 1:  Location of Prettyboy and Loch Raven Reservoirs  
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Several relevant statistics for Prettyboy and Loch Raven Reservoirs are provided below 
in Table 1. 
 
Table 1:  Current Physical Characteristics of Prettyboy and Loch Raven Reservoirs  
Characteristic Prettyboy Loch Raven 
Location: Baltimore County, MD 

Lat. 39° 37’ 12” N 
Long. 76° 42’ 36” W 

Baltimore County, MD 
Lat. 39° 25’ 48” N 
Long. 76° 32’ 24” W 

Surface Area:  1500 acres  
(65,340,000 ft2) 

2400 acres 
(104,544,000 ft2) 

Normal Reservoir Depth1 : 98.5 feet 76.0 feet 
Purpose: Water Supply 

Recreation 
Water Supply 
Recreation 

Basin Code: 02-13-08-06 02-13-08-05 
Volume: 60,100 acre-feet 72,700 acre-feet 
Drainage Area to Reservoir: 80.0 mi2 (51,200 acres) 303 mi2 (193,920 acres) 
Source: Inventory of Maryland Dams and Hydropower Resources (Weisberg et al., 
1985).  1Measured from base of dam to spillway. 
 
 

2.1.1 Land Use 
 
Figure 2 shows the land use in the Prettyboy and Loch Raven watersheds.  The land use 
is based on 1997 Maryland Department of Planning Land Use/Land Cover data.  The 
Prettyboy Reservoir watershed (excluding the reservoir surface area) covers 
approximately 49,000 acres or 77 square miles.  About half of the watershed is in crops 
or pasture, 39% in forest, and 12% in residential, commercial, or industrial land uses 
(Figure 3).  The Loch Raven Reservoir watershed, excluding the drainage to Prettyboy 
Reservoir and the reservoir surface areas, covers approximately 140,000 acres or about 
218 square miles.  Approximately 21% of the watershed is developed and 38% is forest, 
with the remainder in crops, pasture or “mixed open” land uses (Figure 4).  Mixed open 
land uses represent a mixture of several categories of anthropogenically modified open 
land, including low-density urban cover, horse pasture, fallow cropland or transitional 
agricultural land.
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Figure 2:  Land Use in Gunpowder Falls Watershed 
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Figure 3:  Proportion of Land Use in the Prettyboy Reservoir Watershed 
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Figure 4:  Proportion of Land Use in the Loch Raven Reservoir Watershed 
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 2.1.2 Geology and Soils 
 
The watersheds of Prettyboy and Loch Raven Reservoirs lie in the Piedmont 
physiographic province.  The surficial geology is characterized by metamorphic rock of 
Precambrian and Cambrian age.  Prettyboy schist is the underlying bedrock of the 
Prettyboy Reservoir watershed (MDE, 2004).  The underlying metamorphic rock 
complex of the Loch Raven watershed downstream of Prettyboy consists mainly of 
crystalline schists and gneiss with smaller areas of marble.  The underlying marble 
formations, Cockeysville Marble and the Patuxent Formation, are less resistant to 
weathering than the schists and gneiss and consequently occur mainly in valleys.  
 
The primary soil associations in the watershed are the Manor-Glenelg, Chester-Glenelg, 
Baltimore-Conestoga-Hagerstown, Beltsville-Chillum-Sassafras, Glenelg-Chester-
Manor, and Mt. Airy-Linganore associations.  These soils are mainly deep and well-
drained to moderately well-drained (Reybold and Matthews, 1976; Matthews, 1969). 
Within the stream floodplains, alluvial, Codorus and Hatboro soil series predominate. 
Nearly 85% of the soils in the watershed below Prettyboy Reservoir are classified as 
Hydrologic Group B, which means that they have low to moderate surface runoff 
potential, moderate infiltration rates, and moderately fine to moderately coarse soil 
texture (Tetra Tech, 1997). 
 

2.1.3 Point Sources and Wastewater Treatment Plant Loads  
 
The development of nutrient TMDLs for Prettyboy and Loch Raven Reservoirs was 
based on computer simulation modeling of water quality conditions from 1992 to 1997. 
During that time, the Manchester municipal wastewater treatment plant (WWTP) 
discharged within the Prettyboy Reservoir watershed, and the Hampstead municipal 
WWTP, along with ten small industrial sources, discharged within the Loch Raven 
Reservoir watershed.  Table 2 shows the annual phosphorus and sediment loads from the 
municipal WWTPs during the simulation period, 1992-1997.  
 

Table 2:  Annual Municipal Wastewater Treatment Plant Loads 1992-1997 
Manchester 

(MD0022446) 
Hampstead 

(MD0022578) 

Year 
PO4 

(lbs/yr) 
Organic P 

(lbs/yr) 
TSS 

(tons/yr) 
PO4 

(lbs/yr) 
Organic P 

(lbs/yr) 
TSS 

(tons/yr) 
1992 192.33 177.84 2.77 276.41 173.39 0.27 
1993 300.08 275.61 4.15 489.03 291.04 0.35 
1994 382.14 370.30 7.06 254.56 195.37 0.39 
1995 195.65 37.44 0.89 139.16 146.87 0.40 
1996 90.65 80.92 0.83 168.81 107.44 0.85 
1997 126.78 114.59 3.30 207.61 88.88 0.39 

Average 214.60 176.11 3.16 255.93 167.16 0.44 
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Currently, the Manchester WWTP discharges through spray irrigation from April 1 
through November 30, and in March if weather permits.  Its current design flow is 0.5 
million gallons per day (MGD).  The Hampstead WWTP’s current design flow is 0.9 
MGD. 
 
There are no industrial sources permitted for discharging phosphorus.  Three facilities are 
permitted to discharge total suspended solids.  Only one of them, a limestone quarry and 
concrete production facility owned by co-permittees Lafarge Mid-Atlantic and Imerys, 
has the potential to discharge solids in significant quantities. 
 

2.1.4 Nonpoint Source Loads and Urban Stormwater Loads  
 
Nonpoint source loads and urban stormwater loads entering the Prettyboy and Loch 
Raven Reservoirs were estimated using the Hydrologic Simulation Program-Fortran 
(HSPF) model.  The HSPF model is used to estimate flows, suspended solids and nutrient 
loads from the watershed’s sub-basins, which are linked to two-dimensional CE-QUAL-
W2 models of each reservoir.  These are used to determine the maximum loads of total 
phosphorus (TP) that can enter each reservoir while maintaining the water quality criteria 
associated with their designated uses.  The water quality modeling framework is 
addressed in more detail in Section 4.2. 
  
The simulation of the Loch Raven and Prettyboy Reservoir watersheds used the 
following assumptions: (1) variability in patterns of precipitation were estimated from 
existing National Oceanic and Atmospheric Administration (NOAA) meteorological 
stations; (2) hydrologic response of land areas were estimated for a simplified set of land 
uses in the basin; and (3) agricultural information was estimated from the Maryland 
Department of Planning (MDP) land use data, the 1997 Agricultural Census Data (U. S. 
Department of Commerce, 1997), and the Farm Service Agency (FSA).  The HSPF 
simulates nonpoint source and urban stormwater loads and integrates all natural and 
human induced sources, including direct atmospheric deposition, and loads from septic 
tanks, which are associated with river base flow during low flow conditions.  Details of 
the HSPF watershed model deve loped to estimate these urban and non-urban loads can be 
found in Modeling Framework for Simulating Hydrodynamics and Water Quality in 
Prettyboy and Loch Raven Reservoirs (ICPRB and MDE, 2006). 
  
Figures 5 and 6 show the relative size of the contribution of point and nonpoint sources of 
total phosphorus to Prettyboy and Loch Raven Reservoirs, respectively, 1992-1997. 
Figure 7 shows the relative size of the contribution of sediment sources to Loch Raven 
Reservoir over the same period. 
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Figure 5:  Percent Contribution of Sources to Total Phosphorus Loads to Prettyboy 

Reservoir 
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Figure 6:  Percent Contribution of Sources to Total Phosphorus Loads to Loch 

Raven Reservoir 
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Figure 7:  Percent Contribution of Sources to Sediment Loads to Loch Raven 

Reservoir 
 
 

2.2 Water Quality Characterization 
 

2.2.1 Baltimore City Department of Public Works Monitoring Program 
 
Baltimore City Department of Public Works (DPW) is the only agency that monitors 
water quality in the reservoirs.  DPW samples at three locations in Prettyboy Reservoir, 
and at five locations in Loch Raven Reservoir.  Figures 8 and 9 show the sites of these 
sampling locations.  Not all locations are sampled at the same time.  Sampling is 
performed by boat at locations GUN0401, GUN0171, and GUN0190 weather permitting; 
otherwise, in the winter months, sampling is at fixed locations GUN0399, GUN0156, and 
GUN0174.  Sampling at GUN0142 and GUN0437 can occur either by boat or from a 
fixed platform.   
 
Samples are analyzed for water temperature, dissolved oxygen, total phosphorus, 
ammonia, nitrate, turbidity, and Secchi depth, among other constituents.  Samples are not 
analyzed for phosphorus species, organic or total nitrogen, or suspended sediment. 
Starting at the surface, samples are taken every five feet up to sixty feet; samples are 
taken at ten-foot intervals thereafter. 
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Not every sample is analyzed for the entire suite of constituents.  Generally, only field 
measurements like temperature and dissolved oxygen are measured at every depth 
sampled.  Lab analysis is performed for Chla for each sample collected at the surface and 
at ten-foot depths down to 50 feet.  In Loch Raven, chemical analysis is performed on 
samples collected at the surface and every ten feet down to sixty feet.  In Prettyboy, 
chemical analysis is performed on samples taken at the surface and at 10, 20, and 40 feet 
below the surface, with an additional sample taken at either 60 feet below the surface, in 
the case of GUN0437, or 80 feet below in the case of the other two stations.  
 
For the purpose of data analysis and the presentation of results, the locations in Loch 
Raven sampled by boat and the locations with fixed sampling positions have been paired 
to yield an annual representation of the middle and upper portion of the reservoir. 
Stations GUN0399 and GUN401 in Prettyboy have been paired to represent the lower 
portion of the reservoir.  GUN0437 by itself represents the middle portion of Prettyboy. 
There are no sampling locations in the upper portion of Prettyboy reservoir.  Table 3 
summarizes how the sampling locations are grouped together in this report.  
 

Table 3:  Characterization of Reservoir Monitoring Locations  
Station Reservoir Location Classification 

GUN0142 Loch Raven Gatehouse Lower 

GUN0156 Loch Raven Loch Raven Drive bridge Middle 

GUN0171 Loch Raven Between picnic area and golf course Middle 

GUN0174 Loch Raven Dulaney Valley Road bridge Upper 

GUN0190 Loch Raven At the power lines Upper 

GUN0399 Prettyboy Gatehouse Lower 

GUN0401 Prettyboy 1000 ft. upstream of dam Lower 

GUN0437 Prettyboy Beckleysville Road Bridge Middle 
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Figure 8:  Sampling Locations in Prettyboy Reservoir (from DPW)
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Figure 9:  Sampling Locations in Loch Raven Reservoir (from DPW) 
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2.2.2 Temperature  Stratification 
 
Prettyboy and Loch Raven Reservoirs both regularly exhibit temperature stratification 
starting in April or May and lasting until November.  Stratification sometimes occurs in 
winter but without significant consequences for water quality.  Under stratified conditions 
during the summer and early fall, bottom waters in both reservoirs can become hypoxic, 
because stable density differences inhibit the turbulent mixing that transports oxygen 
from the surface.  Under such conditions, the reservoirs can be divided vertically into a 
well-mixed surface layer, or epilimnion; a relatively homogeneous bottom layer or 
hypolimnion; and a transitional zone between them, the metalimnion, characterized by a 
sharp density gradient. 
 
Contour plots of isotherms effectively illustrate seasonal position of the well-mixed 
surface layer or epilimnion.  Figure 10 presents a contour plot of isothermals for 
GUN0142 in Loch Raven Reservoir for 1993, a representative year.  Contours are shown 
only for the first 30 feet from the surface.  In the winter, isothermal lines are vertical, 
showing that the reservoir has fairly uniform temperature over the first 30 feet of depth.  
In spring, isothermal lines begin to tilt away from the vertical, until by May, at depths 
greater than 15 to 20 feet, they are parallel to each other horizontally. At the surface, 
isothermal lines run vertically to a depth of 10 to 15 feet; this defines the epilimnion. 
 
Figures A1 - A20 in Appendix A present contour plots for each monitoring location 
(lower, middle and upper) over the period 1992-2004.  Generally, in both reservoirs, the 
epilimnion is limited to a depth of 10 to 15 feet in the summer.  For the purposes of data 
analysis, the surface layer is considered to be 20 feet deep, with the understanding that in 
spring and fall the epilimnion can extend deeper than 20 feet, and in the summer it is 
likely to be shallower.  For screening purposes, samples taken at depths of 40 feet or 
greater are considered in the bottom layer or hypolimnion. 
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Figure 10:  Isothermal Contours, Loch Raven Reservoir, Middle Stations, 1993 
 

2.2.3 Dissolved Oxygen 
 
Figures A21 - A25 in Appendix A show time series of average bottom DO concentrations 
at all monitoring locations in Prettyboy and Loch Raven Reservoirs.  Quite clearly, 
hypoxia occurs in the hypolimnion of both Prettyboy and Loch Raven Reservoirs with 
regularity. 
 
Figures A26-30 in Appendix A also show time series of DO at the surface and at five-
foot intervals up to 20 feet, the screening- level definition of the epilimnion.  For the most 
part, DO concentrations are above the 5.0 mg/l criterion, but there are periodic excursions 
below 5.0 mg/l at the 15- and 20-foot depths.   In the majority of cases in which apparent 
hypoxia is observed in the epilimnion, the 20-foot screening depth has over-estimated the 
depth of the well-mixed layer, as shown by the temperature observations.  As noted in the 
previous section, the depth of the epilimnion ranges between 10 and 15 feet in the 
summer months.  See Tables B1 and B2 in Appendix B for a listing of all dates when DO 
concentrations were below 5.0 mg/l at either 15- or 20-foot sampling depth in Loch 
Raven and Prettyboy Reservoirs, respectively. 
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There are two related causes of these low DO concentrations.  The first is temperature 
stratification, as explained above; the second is the entrainment of low DO waters into 
the epilimnion.  Entrainment refers to the process by which turbulent layers spread into a 
non-turbulent region (Ford and Johnson, 1986).  The onset of cool weather causes the 
epilimnion to increase in depth by entraining water from the metalimnion.  This water 
can be low in oxygen and reduce the DO concentration in the well-mixed layer.  This can 
occur any time under stratified conditions when the surface mixed-layer deepens, often 
well before the fall overturn typical of many lakes and reservoirs (including Prettyboy 
and Loch Raven), when the surface and bottom layers displace one another.   All nineteen 
dates on which low DO occurred in Loch Raven without an approximately 2ºC difference 
in temperature between the 5- and 20-foot depths occurred in September, October or 
November, and all but five occurred in September alone.   
 
This is illustrated by the low DO reading recorded on September 13, 1993, in GUN0171, 
the middle of Loch Raven Reservoir.  Figure 11 shows the DO contour at this location. 
Figure 10 in the previous section, shows the temperature contour.  A comparison of the 
figures indicates that at the end of August the reservoir at this location was highly 
stratified, with the well-mixed layer extending to about 15 feet.  Throughout September, 
the surface waters cooled and the epilimnion deepened.  The layers with low oxygen 
concentrations in the summer were drawn into the epilimnion.   By October, the 
epilimnion once again had fairly uniform DO concentrations, although the reservoir had 
not completely overturned. 
 
Entrainment and overturning account for the other low DO oxygen observations in Loch 
Raven and Prettyboy as well.  In Prettyboy, another factor also can influence 
entrainment: drawdown.  Withdrawals from a reservoir can induce currents that enhance 
mixing.  Figure 12 shows the surface elevation of Prettyboy Reservoir from 1994 through 
2004.  In 1999 and 2002 (drought years), releases from Prettyboy to fill Loch Raven 
dropped the surface elevation by 30 feet or more.  These drawdowns are probably a 
contributing factor in mixing low DO concentrations into the surface levels of the 
reservoir.  
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Figure 11:  DO Contour, Loch Raven Reservoir, Middle Locations, 1993 
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Figure 12:  Surface Water Elevations in Prettyboy Reservoir, 1994-2004  
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2.2.4 Total Phosphorus  
 
Figures A31 - A35 in Appendix A show average total phosphorus concentrations in the 
top and bottom sampling depths at each monitoring location in Prettyboy and Loch 
Raven Reservoirs.  Surface layer concentrations are an average of the 10- and 20-foot 
depth samples.  Bottom concentrations are averages of samples taken at 40-foot depths or 
greater.  Tables 4 and 5 give summary statistics for TP concentrations (mg/l) in Prettyboy 
and Loch Raven Reservoirs, respectively.  As the tables show, there is a longitudinal 
gradient to TP concentrations, with concentrations generally decreasing downstream.  
This is thought to reflect the fact that much of the phosphorus entering the reservoir is 
bound to sediment, and thus settles out before reaching the dams.  
 

Table 4:  Summary Statistics: TP Concentrations (mg/l) in Prettyboy Reservoir, 
1992-2004 

Surface Bottom 
Statistic Middle Lower Middle Lower 
Mean 0.079 0.058 0.075 0.067 
Standard deviation 0.112 0.082 0.106 0.110 
Minimum 0.002 0.003 0.002 0.002 
1st Quartile 0.021 0.019 0.025 0.018 
Median 0.045 0.035 0.041 0.040 
3rd Quartile 0.078 0.065 0.073 0.066 
Maximum 0.675 0.552 0.825 0.970 
Count 127 127 127 127 

 
 

Table 5:  Summary Statistics: TP Concentrations (mg/l) in Loch Raven Reservoir, 
 1992-2004 
Surface Bottom 

Statistic Upper Middle Lower Upper Middle Lower 
Mean 0.078 0.066 0.054 0.084 0.082 0.062 
Standard Deviation 0.108 0.102 0.092 0.092 0.148 0.109 
Minimum 0.005 0.003 0.002 0.005 0.003 0.003 
1st Quartile 0.027 0.023 0.019 0.033 0.026 0.022 
Median 0.053 0.042 0.036 0.058 0.045 0.033 
3rd Quartile 0.085 0.071 0.060 0.100 0.081 0.078 
Maximum 1.010 0.835 1.040 0.580 1.313 1.260 
Count 136 139 205 90 138 205 

 

The surface sample itself was excluded from the analysis because samples periodically 
have concentrations as high as 1.0 mg/l.  Some of these high concentrations are confined 
to the surface layer and are suspected to be surface films.  For this reason DPW also 
excludes surface layer concentrations (Baltimore City DPW, 1996). 
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2.2.5 Nutrient Limitation 

 
Nitrogen and phosphorus are essential nutrients for algae growth.  If one nutrient is 
available in great abundance relative to the other, then the nutrient that is less available 
limits the amount of plant matter that can be produced; this is known as the “limiting 
nutrient.”  The amount of the abundant nutrient does not matter because both nutrients 
are needed for algae growth.  In general, a Nitrogen:Phosphorus (N:P) ratio in the range 
of 5:1 to 10:1 by mass is associated with plant growth being limited by neither 
phosphorus nor nitrogen.  If the N:P ratio is greater than 10:1, phosphorus tends to be 
limiting; if the N:P ratio is less than 5:1, nitrogen tends to be limiting (Chiandani et al, 
1974).   
 
Since there are no data on organic nitrogen concentrations in the reservoir, nitrate is 
substituted for total nitrogen (TN) in the TN:TP ratio assessment, and the TN:TP ratio is 
underestimated.  In both reservoirs, only about 7% of the samples taken at the 10- and 20-
foot depths have nitrate:TP ratios less than 10:1, which can be taken as a cutoff for 
distinguishing nitrogen limitation from phosphorus limitation.  The median nitrate:TP 
ratio in Loch Raven is 38:1 and the median in Prettyboy is 47:1.  About half the samples 
from Loch Raven with nitrate:TP ratios less than 10:1 occur on five dates, all of which 
appear to be associated with storm events.  Storm events are likely to have high 
concentrations of particulate nitrogen and phosphorus, but while particulate phosphorus 
is accounted for in nitrate:TP ratios, particulate organic nitrogen is not.  Storm events 
therefore inflate TP concentrations and exacerbate the underestimation of TN, so the 
resultant ratios are considered anomalous.  Based on the available monitoring data and 
prevalent high N:P ratios, the evidence is conclusive that both Prettyboy and Loch Raven 
Reservoirs are strongly phosphorus limited.   
 
 

2.2.6 Ammonia and Nitrogen  
 
Figures A36 - A45 in Appendix A show the average surface and bottom concentrations of 
ammonia and nitrate in Prettyboy and Loch Raven Reservoirs.  Since the surface layers 
of the reservoirs are not nitrogen limited, bottom concentrations of ammonia and nitrate 
are more important from the water quality standpoint for two reasons.  
 
First, the time series graphs of ammonia show that, particularly for Loch Raven, there are 
significant releases of ammonia from the sediments.  This contributes to oxygen demand. 
Although observed ammonia concentrations range as high as 4.0 mg/l, Maryland’s 
ammonia water quality criteria (COMAR 26.08.02.03-2H(1)) were not exceeded.  
Second, nitrate concentrations for the most part remain above 0.5 mg/l.  Nitrate is 
preferred to ferric iron (III) as an electron acceptor in diagenesis.  Phosphate in the 
sediments is bound through ferric iron.  It is less likely that phosphate will be released 
from sediments until ferric iron is reduced in diagenesis.  Thus it can be anticipated that 
the phosphorus release rate from the sediments will remain low. 
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2.2.7 Algae and Chlorophyll a    
 
Figures A46 – A50 in Appendix A show the time series of maximum Chla concentrations 
in the surface layer at the sampling locations in Prettyboy and Loch Raven Reservoirs.  
The same information is presented in a different format in Tables B3 and B4 in Appendix 
B, showing maximum Chla concentrations by month and year, 1992-2004.  As these 
tables indicate, Chla concentrations above 10 µg/l (the approximate threshold of 
eutrophy) occur frequently but not regularly.  Concentrations above 30 µg/l are 
infrequent.  
 
In Loch Raven Reservoir, the largest concentrations tend to occur in early spring or in 
October.  Concentrations are most consistently above 10 µg/l in the summer months, and 
most consistently below 10 µg/l in the winter months.  In Prettyboy Reservoir, in 
contrast, surface Chla concentrations are most consistently above 10 µg/l in late winter 
and early spring.  Concentrations above 30 µg/l are most frequently found in March or 
secondarily in September and October.  Surface Chla concentrations tend to be below 10 
µg/l from May through July, as well as in November and December. 
 
 

2.2.8 Sedimentation 
 
The Maryland Geological Survey (MGS) performed a new bathymetry survey of Loch 
Raven Reservoir in 1998 (Ortt et al., 2000).  In conjunction with the survey, MGS also 
estimated sedimentation rates.  Average annual sedimentation rates can be described in 
many ways: percent loss of capacity, inches of sediment accumulation per year, or 
tons/mi2 /yr.  The latter measure was estimated by the Reservoir Technical Group (RTG) 
(2004), based on the new survey.  Table 6 summarizes the average sediment 
accumulation rate for Loch Raven Reservoir. 
 
The annual percent capacity loss (volumetric reduction) rate in Loch Raven Reservoir, 
0.13%, compares favorably with the national averages.  The mean average capacity loss 
rate for comparably sized reservoirs is 0.43%; the median is 0.27% (Ortt et al., 2000).  
However, sediment accumulation varies spatially within the reservoir.  MGS estimated 
that the Dulaney Branch of Loch Raven has lost 8% of its capacity, the Long Quarter 
Branch 13% of its capacity, and the upper reservoir 19% of its capacity.  Sediment 
deposits in the former stream channel were greater than 10 feet thick and ran as high as 
59 feet thick.  The survey was not able to proceed above Warren and Merryman’s Mill 
Road bridge because the reservoir became unnavigable. 
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Table 6:  Sedimentation Rates in Loch Raven Reservoir 

 
Sedimentation Rates Loch Raven 

(built 1923) 

Total Capacity Lost Since Construction 10.8% 

Annual Average Capacity Lost 0.13% 

Sediment Accumulation Rate (in/yr) 0.6 

Sediment Deposition Rate (tons/mi2/year) 0.49 

 

 

2.3 Water Quality Impairments 
 
The Maryland Water Quality Standards Stream Segment Designations for Prettyboy and 
Loch Raven Reservoirs are Use III-P: Nontidal Cold Water and Public Water Supply 
(COMAR 26.08.02.08J(4)).  Designated Uses present in the Prettyboy and Loch Raven 
Reservoirs are: 1) growth and propagation of trout; and 2) public water supply. 
 
Maryland’s General Water Quality Criteria prohibit pollution of waters of the State by 
any material in amounts sufficient to create a nuisance or interfere directly or indirectly 
with designated uses (COMAR 26.08.02.03B(2)).  Excessive eutrophication, indicated by 
elevated levels of Chla, can produce nuisance levels of algae and interfere with 
designated uses such as fishing and swimming.  The excess algal blooms eventually die 
off and decompose, consuming oxygen.  Excessive eutrophication in Prettyboy and Loch 
Raven Reservoirs is ultimately caused by nutrient overenrichment.  An analysis of the 
available water quality data presented in Section 2.2 has demonstrated that phosphorus is 
the limiting nutrient.  In conjunction with excessive nutrients, Loch Raven Reservoir has 
experienced excessive sediment loads, resulting in a shortened projected lifespan of the 
reservoir. 
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Use III waters are subject to DO criteria of not less than 6.0 mg/l daily average and 5.0 
mg/l at any time (COMAR 26.08.02.03-3E(2)) unless natural conditions result in lower 
levels of DO (COMAR 26.08.02.03A(2)).  New standards for tidal waters of the 
Chesapeake Bay and its tributaries take into account stratification and its impact on 
deeper waters.  MDE recognizes that stratified reservoirs and impoundments (there are no 
natural lakes in Maryland) present circumstances similar to stratified tidal waters, and is 
applying an interim interpretation of the existing standard to allow for the impact of 
stratification on DO concentrations.  This interpretation recognizes that, given the 
morphology of the reservoir or impoundment, the resulting degree of stratification, and 
the naturally occurring sources of organic material in the watershed, hypoxia in the 
hypolimnion is a natural consequence.  The interim interpretation of the non-tidal DO 
standard, as applied to reservoirs, is as follows: 
 

• A minimum DO concentration of 5.0 mg/l (and 6.0 mg/ daily ave rage for Use III) 
will be maintained throughout the water column during periods of complete and 
stable mixing; 

• A minimum DO concentration of 5.0 mg/l (and 6.0 mg/ daily average for Use III) 
will be maintained in the mixed surface layer at all times, including during 
stratified conditions, except during periods of overturn or other naturally-
occurring disruptions of stratification; and  

• Hypolimnetic hypoxia will be addressed on a case-by-case basis, taking into 
account morphology, degree of stratification, sources of diagenic organic material 
in reservoir sediments, and other such factors. 

 
The analysis of water quality data in Section 2.2 has shown that all observed DO 
concentrations below 5.0 mg/l in the surface layers of Prettyboy and Loch Raven 
Reservoirs are associated with stratification or the mixing of stratified waters into the 
surface layers during periods of reservoir overturn or drawdown.  On the other hand, 
seasonal hypoxia occurs regularly in both reservoirs in the hypolimnion. 
 

3.0 TARGETED WATER QUALITY GOALS 
 
The overall objective of the TMDLs proposed in this document is to reduce phosphorus 
and sediment loads to levels that are expected to result in the attainment of the water 
quality criteria that support the Use III-P designation for Loch Raven and Prettyboy 
Reservoirs.  The Chla endpoints selected for the reservoirs are (1) a maximum 
permissible instantaneous chlorophyll concentration of 30 µg/l in the surface layers and 
(2) a 30-day moving average concentration not to exceed 10 µg/l in the surface layers.  A 
concentration of 10 µg/l corresponds to a score of approximately 53 on the Carlson 
Trophic State Index (TSI). This is the approximate boundary between mesotrophic and 
eutrophic conditions, which is an appropriate trophic state at which to manage these 
reservoirs.  Mean Chla concentrations exceeding 10 ug/l are associated with peaks 
exceeding 30 ug/l, which in turn are associated with a shift to blue-green assemblages, 
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which present taste, odor and treatment problems (Walker 1984).  These Chla endpoints 
should thus avoid nuisance algal blooms.  Reduction of the phosphorus loads is predicted 
to reduce excessive algal growth and therefore prevent violations of narrative criteria 
associated with nuisances, such as taste and odor problems. 
 
In summary, the TMDLs for phosphorus and sediment are intended to: 
 

1. Resolve violations of narrative criteria resulting in excessive algal growth in 
Prettyboy and Loch Raven Reservoirs; 

2. Resolve violations of narrative criteria associated with excess sedimentation of 
Loch Raven Reservoir; and 

3. Assure both Prettyboy and Loch Raven Reservoirs provide dissolved oxygen 
levels sufficient to support aquatic life.  

 

4.0 TOTAL MAXIMUM DAILY LOADS (TMDLs) AND ALLOCATIONS 
 

4.1 Overview 
 
 Section 4.2 describes the modeling framework for simulating hydrodynamics, nutrient 
and sediment loads, and water quality responses in Prettyboy and Loch Raven Reservoirs.  
Section 4.3 describes the baseline scenario developed on the basis of modeling results.  
Section 4.4 explains how the nutrient TMDLs and load allocations for point sources and 
nonpoint sources were developed for the reservoirs, based on computer modeling of the 
water quality response to reduced nutrient and sediment loads.  Section 4.5 presents the 
modeling results in the proper format for TMDLs and allocates the TMDLs between 
point sources and nonpoint sources.  Section 4.6 explains the rationale for the margin of 
safety.  Finally, the elements of the equations are combined in a summary of TMDLs for 
total phosphorus for both Prettyboy and Loch Raven Reservoirs, as well as a TMDL for 
sediments for Loch Raven Reservoir.  
 

4.2 Computer Modeling Framework 
 
To develop a TMDL, a linkage must be defined between the selected targets or goals and 
the identified sources.  This linkage establishes the cause-and-effect relationship between 
the pollutant of concern and the pollutant sources.  The relationship can vary seasonally, 
particularly for nonpoint sources, with factors such as precipitation.  Once defined, the 
linkage yields the estimate of total loading capacity or TMDL (U.S. EPA, 1999).  
 
CE-QUAL-W2 is a laterally averaged two-dimensional computer simulation model, 
capable in its most recent formulations of representing the hydrodynamics and water 
quality of rivers, lakes, and estuaries.  It is particularly well-suited for representing 
temperature stratification that occurs in reservoirs like Prettyboy and Loch Raven.  The 
W2 reservoir models were used to simulate not only hydrodynamics and temperature but 
dissolved oxygen and eutrophication dynamics as well.  The reservoir models use version 
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3.2 of CE-QUAL-W2.  Cole and Wells (2003) give a general description of the CE-
QUAL-W2 model. 
 
Prettyboy Reservoir was represented by eighteen active longitudinal segments in two 
branches.  Each segment contains from four to thirty one-meter thick layers.  Loch Raven 
Reservoir is represented by a single branch of sixteen segments, each with four to sixteen 
one-meter thick layers.  The simulation period was set to 1992-1997 to coincide with the 
Gunpowder HSPF Model.  These six years provide a range of hydrological conditions, 
including wet years (1993, 1996), dry years (1992, 1997), and average years (1994, 
1995), thus fulfilling the requirement that TMDLs take into account a variety of 
hydrological conditions.  Each year was simulated separately, and observed data, where 
available, were used to set the initial conditions for the simulation.  
 
State variables in the CE-QUAL-W2 model include dissolved oxygen, ammonia, nitrate, 
dissolved inorganic phosphorus, and both dissolved and particulate organic matter (POM) 
in labile and refractory forms.  In addition, any number of inorganic solids, carbonaceous 
biochemical oxygen demand (CBOD) variables or algal species can be represented in the 
model.  Organic nitrogen and phosphorus, however, are only implicitly represented 
through CBOD, organic matter, and algal biomass state variables. In order to preserve a 
mass balance of all species of phosphorus, the state variables in the W2 models were 
configured as follows: 
 

1. Inorganic phosphorus attached to silt and clay was modeled as distinct inorganic 
solids. Sorption between sediment and the water column was not simulated in the 
model. 

2. Three biochemical oxygen demand (BOD) variables were used to represent 
allochthonous organic matter inputs to the reservoirs: (1) labile dissolved BOD, 
labile particulate CBOD, and refractory particulate CBOD.  The concentration of 
these CBOD inputs were calculated based on the concentration of organic 
phosphorus determined by the HSPF model, using the stoichiometric ratio 
between phosphorus and oxygen demand in the reservoir models. 

3. The organic matter state variables were reserved to represent the recycling of 
nutrients within the reservoir between algal biomass and reservoir nutrient pools. 
No organic matter, as represented by these variables, was input into the reservoirs. 
They were used to track nutrients released from algal decomposition. 

 
To use the W2 model in this configuration, several minor changes had to be made to the 
W2 code.  Inorganic solids contribute to light extinction, but inorganic solids representing 
solid-phase phosphorus do not contribute to light extinction over and above the sediment 
to which they are attached.  The W2 code was altered so solid-phase phosphorus would 
not contribute to light extinction.  Second, in the W2 model, sediment oxygen demand 
(SOD) can be represented as a first-order reaction based on the quantity of labile organic 
matter that has settled to the bottom of a segment.  In the original code the CBOD 
variables do not settle and do not contribute to the pool of organic material in the 
sediments.  The code was altered so that (1) CBOD species could be assigned a settling 
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velocity and (2) labile particulate CBOD contributed to sediment organic matter.  Each 
year’s simulation was initialized with the final concentrations of sediment organic matter 
from the previous year’s simulation, because no observations of sediment organic matter 
were available. 
  

4.3 Scenario Descriptions and Results 
 

4.3.1 Scenario Descriptions  
 
TMDL development for the Gunpowder reservoirs involved the following four scenarios: 
 

1. Calibration Scenario: The Calibration Scenario represents actual loads over the 
simulation period 1992-1997.  As the name suggests, the loads in this scenario 
were used to calibrate the CE-QUAL-W2 models of Prettyboy and Loch Raven 
Reservoirs.  Loads from wastewater treatment plants and other point source 
dischargers are based on reported flows and concentrations for the period.  Loads 
from developed land falling under the National Pollutant Discharge Elimination 
System (NPDES) permit for stormwater discharge, as well as nonpoint source 
loads from forests and agricultural land, were determined through the calibration 
of the Gunpowder Falls HSPF Model. 

  
2. Baseline Scenario: The Baseline Scenario differs from the Calibration Scenario 

only in that design flows and concentrations at the permitted limits are used to 
determine loads from wastewater treatment plants and other point source 
dischargers.  Loads from developed land under Municipal Separate Storm Sewer 
System (MS4) permits and nonpoint source loads are the same as in the 
Calibration Scenario. 

 
3. TMDL Scenario: The TMDL Scenario represents the maximum allowable loads 

from developed land falling under NPDES stormwater permits and the maximum 
allowable loads from nonpoint sources such that computer simulation predicts 
water quality standards will be met in Prettyboy and Loch Raven Reservoirs.  
Loads from permitted dischargers are calculated based on the design flow of the 
permit and the maximum permitted concentration. 

 
4. All-Forest Scenario:  The All-Forest Scenario simulates the response of the 

reservoirs to the phosphorus, sediment, nitrogen, and BOD loading rates that 
would occur if all of the land in the reservoirs’ watersheds were forested. The All-
Forest Scenario is used to determine to what extent hypoxic conditions in the 
hypolimnion are a function of external loading rates or reservoir morphology.  
The All-Forest Scenario constitutes an estimate of hypolimnetic DO 
concentrations under natural conditions.  Flows and temperature were taken from 
the Calibration Scenario, while constituent loads were taken from the HSPF 
model simulation whereby all land in the watershed was forested.  
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4.3.2 Calibration Scenario Results 
 
The primary function of the CE-QUAL-W2 models of Prettyboy and Loch Raven 
Reservoirs is to link algae biomass concentrations, as represented by Chla concentrations, 
to total phosphorus loads.  The models were calibrated conservatively, to ensure that 
simulated Chla concentrations were at least as high as observed concentrations, even if 
maximum seasonal concentrations were shifted upstream or downstream in simulation, or 
occurred a month earlier or later than the corresponding observed concentrations.  
 
Figures B1 and B2 in Appendix B compare simulated and observed maximum Chla 
concentrations in the surface layers of Prettyboy and Loch Raven Reservoirs, 
respectively, by sampling date.  The models capture the observed peak seasonal average 
Chla concentrations, though sometimes shifted spatially or temporally.  Similarly, 
Figures B3 and B4 show the cumulative distribution of simulated and observed maximum 
Chla concentrations.  In both reservoirs, simulated concentrations are higher than 
observed concentrations above the 10 µg/l level, demonstrating further the conservative 
character of the calibration. 
 
Figures B5 and B6 in Appendix B compare simulated and observed average surface DO 
concentrations at the lower sampling locations in Prettyboy and Loch Raven Reservoir, 
respectively.  The models follow the seasonal trend in DO but tend to over-simulate DO 
in winter and under-simulate DO in summer.  Figures B7 and B8 show the simulated and 
observed average bottom DO concentrations.  The models capture the seasonal trend in 
bottom DO.  The coefficients of determination between observed and simulated values 
are 0.80 and 0.81 for Prettyboy and Loch Raven Reservoirs, respectively. 
 
Appendix C contains time series plots comparing simulated and observed concentrations 
at other locations.  It also shows time series plots for total phosphorus, nitrate, and 
ammonia. 
 

4.3.3 Baseline Scenario Results 
 
Wastewater treatment plants and other permitted point sources (excluding MS4 
discharges) contribute less than 1% of the total phosphorus load to Prettyboy and Loch 
Raven Reservoirs, and an insignificant amount to the sediment load to Loch Raven 
Reservoir.  The results of the Baseline Scenario are indistinguishable from the 
Calibration Scenario.  Baseline loads are broken out by land use and jurisdiction in 
Appendix D. 
 

4.3.4 TMDL Scenario Results 
 
The CE-QUAL-W2 models of Prettyboy and Loch Raven Reservoirs were used to 
determine the maximum total phosphorus loads compatible with water quality standards. 
Simulated loads were reduced until two conditions were met: (1) no simulated Chla 
concentration in any cell was above 30 µg/l, and (2) the 30-day moving average Chla 
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concentration of each modeling cell within 15 meters of the surface was not greater than 
10 µg/l.   Figures B9 and B10 in Appendix B compare maximum Chla concentrations by 
date under the Calibration and TMDL Scenarios to observed concentrations in the surface 
layer of Prettyboy and Loch Raven Reservoirs, respectively.  
 
The TMDL Scenario was also analyzed to determine whether the reservo irs would meet 
the DO criteria for Use III-P waters under TMDL loading rates.  Figures B11 and B12 
show the average surface DO concentrations at the lower sampling locations in Prettyboy 
and Loch Raven Reservoirs, based on a screening depth of 20 feet.  To more accurately 
screen for potential violations, the position of the well-mixed surface layer was more 
precisely determined on a daily basis.  Instantaneous DO concentrations were output 
from all cells in the surface layer at 0.1-day intervals; the daily average DO concentration 
was also calculated for each cell in the surface layer.  Under the TMDL scenario, there is 
no cell in the surface layer of either reservoir with an instantaneous DO concentration 
less than 5.0 mg/l, or a daily average DO concentration of less than 6.0 mg/l, except 
during periods such as the fall overturn when the surface layer deepens and entrains water 
with low DO concentrations from the metalimnion. 
 
Seasonal hypoxia persists in the hypolimnion in both reservoirs even under the TMDL 
Scenario.  Figures B13 and B14 in Appendix B show the average bottom DO 
concentrations at the lower sampling locations in Prettyboy and Loch Raven Reservoirs.  
As the figures indicate, although the average DO in the bottom layers improves under the 
TMDL Scenario, neither reservoir maintains a DO concentration of 5.0 mg/l in the 
hypolimnion throughout the simulation period. 
 

4.3.5 All-Forest Scenario Results 
 
As explained earlier, the purpose of the All-Forest Scenario is to help determine whether 
hypoxia in the bottom layers of Prettyboy and Loch Raven Reservoirs is primarily due to 
the stratification induced by reservoir morphology, or to input loads.  If hypoxia occurs 
even under all- forested loading rates, then reservoir stratification is the primary cause of 
hypoxia and it can be concluded that the reservoir meets the water quality standards for 
DO as described in Section 2.3.  
 
Average annual TP loads in the All-Forest Scenario are 20% of the load in the 
Calibration Scenario in Prettyboy Reservoir, and 28% of the load in the Calibration 
Scenario in Loch Raven Reservoir.  The reduction in average annual loads of POM, the 
precursor to sediment oxygen demand, is not as large. Average annual POM loads in the 
All-Forest Scenario are 29% of the load in Calib ration Scenario in Prettyboy and 41% of 
the load in Calibration Scenario in Loch Raven.  The load decrease is less in the Loch 
Raven watershed because of the high percentage of forested and developed land. 
  
Figures 13 and 14 below show the average bottom DO concentrations at lower sampling 
locations in the reservoirs under the All-Forest Scenario.  Minimum concentrations at the 
sampling locations are also shown. 
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Average DO in the bottom layers of both reservoirs improves considerably under the All-
Forest Scenario.  The minimum DO concentration, however, frequently drops below 5.0 
mg/l.  Even under the All-Forest Scenario, the hypolimnion remains hypoxic in many 
(but not all) years of the simulation.  The hypoxia tends to be worse in the lower stations 
of the reservoirs where the depths are greatest. 
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Figure 13:  Observed and Simulated Average Bottom DO Concentrations, Lower 

Stations, All-Forest Scenario, Prettyboy Reservoir 
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Figure 14:  Observed and Simulated Average Bottom DO Concentrations, Lower 

Stations, All-Forest Scenario, Loch Raven Reservoir 
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A sensitivity analysis was performed to better determine how phosphorus and organic 
matter loading rates impact hypoxia in the hypolimnion.  POM and TP loading rates were 
reduced to 50%, 20% and 10% of the loads of the All-Forest Scenario, and the percent of 
sampling dates where DO < 2.0 mg/l at the sampling locations was calculated.  Figure 15 
shows the results.  Significant hypoxia persists even when loads are reduced to only 10% 
of the All-Forest Scenario, particularly in Prettyboy Reservoir, which is deeper than Loch 
Raven even though it has less volume.  The sensitivity analysis shows that low DO in the 
bottom layers of the reservoirs is relatively insensitive to the particular assumptions used 
to determine organic matter loads in the models, and demonstrates that hypolimnetic 
hypoxia is primarily driven by stratification and reservoir morphology, rather than by 
external loads.  The All-Forest Scenario demonstrates that current loads, and loads 
simulated under the TMDL Scenario, do not result in hypoxia that significantly exceeds 
that associated with natural conditions in the watershed.  Low DO concentrations in the 
bottom layers of the reservoirs are therefore a naturally occurring condition, as described 
by the interim interpretation of Maryland’s water quality standards.  The TMDL Scenario 
thus meets water quality standards for DO under the interim interpretation.  
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4.4 TMDL Loading Caps  

 
4.4.1 Phosphorus TMDL Loading Caps for Prettyboy and Loch Raven 
Reservoirs  

This section presents the TMDLs for phosphorus for Prettyboy and Loch Raven 
Reservoirs.  The TMDLs were estimated based on the phosphorus loadings as explained 
in Section 4.3 and the resulting water quality in the reservoirs for the simulated years 
1992-1997.  This period was selected to estimate the TMDLs because it covers a period 
that includes dry years as well as very wet years and thus takes into account a variety of 
hydrological conditions.  Chla concentrations indicative of eutrophic conditions can 
occur at any time of year, and the simulation period encompasses the spectrum of 
observed seasonal concentrations (see Tables B3 and B4, Appendix B).   Seasonal low 
DO concentrations in the hypolimnia that occur regularly each year are also represented 
in the simulation models. 
 
TMDL loads were calculated on an average annual basis.  The average residence time of 
Loch Raven Reservoir is approximately three to four months while the residence time of 
Prettyboy is approximately one year.  Water quality conditions in both reservoirs are the 
cumulative result of loadings that span seasons, or even, in the case of hypolimnetic 
hypoxia, years.  Average annual TP loads are therefore the appropriate measure in which 
to express nutrient TMDLs for Prettyboy and Loch Raven Reservoirs. 

 For Prettyboy Reservoir: 

Total Phosphorus TMDL   23,192 lbs/year 
 
For Loch Raven Reservoir: 

Total Phosphorus TMDL   54,941 lbs/year 
 
The TMDLs reflect a reduction of 54% from baseline TP loads in Prettyboy Reservoir 
and 50% from baseline loads in Loch Raven Reservoir.  Load reductions are broken out 
by land use and jurisdiction in Appendix D. 
 
Average Daily Loads: 
 
In Prettyboy Reservoir, the average annual TMDL for TP will result in average daily TP 
loads of approximately 63.54 lbs/day.  In Loch Raven Reservoir, the average annual 
TMDL for TP will result in average daily TP loads of approximately 150.95 lbs/day.   
 

4.4.2 Sediment TMDL Loading Caps for Loch Raven Reservoir 
 
Excessive sedimentation reduces a reservoir’s storage capacity and therefore negatively 
impacts its ability to function as a water supply reservoir.  Excessive sedimentation can 
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also negatively impact a reservoir’s fishery and interfere with its recreational uses. 
Although the maximum sedimentation rates occur during wet weather events, it is the 
cumulative effect of sedimentation that impacts the reservoir.  No single critical period 
can be defined for the water quality impact of sedimentation.   An excessive 
sedimentation rate negatively impacts a reservoir regardless of when it occurs.  
Therefore, the efforts to reduce sediment loading to the lake should focus on achieving 
effective, long-term sediment control.  Since some measures to control phosphorus from 
agriculture sources can also effectively reduce sedimentation, the expected sediment 
reduction can be estimated based on the degree of phosphorus control needed to improve 
the water quality of the reservoir.  
 
To quantify the sediment reduction associated with this phosphorus reduction, the EPA 
Chesapeake Bay Program watershed modeling assumptions were consulted.  For the 
agricultural best management practices (BMPs) that affect both phosphorus and 
sediments, EPA estimates a 1-to-1 reduction in sediments as a result of controlling 
phosphorus (EPA, Chesapeake Bay Program Office, 1998).  However, this ratio does not 
account for phosphorus controls that do not remove sediments.  
 
To estimate the applicable ratio, hence the sediment load reduction, it is necessary to 
estimate the proportion of the phosphorus reduction controls that remove sediments 
versus those that do not.  In general, soil conservation and water quality plans (SCWQPs) 
remove sediments along with the phosphorus removal, while nutrient management plans 
(NMPs) do not.  It has been assumed that 50% of the phosphorus reduction will come 
from SCWQPs and 50% from NMPs.  This results in a 0.5-to-1 ratio of sediment 
reduction to phosphorus reduction.  The net sediment reduction associated with a 50% 
NPS phosphorus reduction is about 25% (0.50 * 0.5 = 0.25).  
 
It is assumed that this reduced sediment loading rate would result in a similar reduction in 
the sediment accumulation rate.  The sediment accumulation rate predicted to result from 
this reduced loading rate would allow for the retention of 85% of the overall 
impoundment's original volume after 50 years.  More important, it will reduce loss of 
volume in the upper reservoir, which otherwise would have less than 70% of its original 
capacity after 50 years.  Under the TMDL loading cap, the upper reservoir may retain as 
much as 80% of its original capacity if the reduction in loading rates reduces volumetric 
loss at a rate proportionate to current capacity loss. 
 
MDE believes that this volumetric retention will support the designated uses of Loch 
Raven Reservoir (Use III-P) for which it is protected: naturally-breeding trout and public 
water supply.  This estimate is reasonably consistent with technical guidance provided by 
EPA Region III of a 0.7-to-1.0 reduction in sediment in relation to the reduction in 
phosphorus.  (EPA, 1998)  This rule-of-thumb would yield a 35% estimated reduction in 
sediment [100*(0.7 * 0.50) = 35%] 
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Assuming that a 50% reduction in total phosphorus load results in a 25% reduction in 
sediment load, the sediment loading cap for Loch Raven Reservoir is as follows: 
 
For Loch Raven Reservoir: 

Sediment TMDL    28,925 tons/year 
 
Average Daily Loads: 
 
In Loch Raven Reservoir, the average annual TMDL for sediment will result in average 
daily sediment loads of approximately 79.25 tons/day.  
  
 

4.5 Total Load Allocations Between Point Sources and Nonpoint Sources 

The allocations described in this section demonstrate how the TMDLs can be 
implemented to achieve water quality standards in Prettyboy and Loch Raven Reservoirs.  
Specifically, these allocations show that the sum of phosphorus loadings to the reservoirs 
from existing point and nonpoint sources can be maintained safely within the TMDLs 
established herein.  The State reserves the right to revise these allocations provided such 
revisions are consistent with the achievement of water quality standards.  

Phosphorus TMDL Allocations 

• Nonpoint Source (NPS) Loads  

Nonpoint source loads including agricultural and forest loads are assigned to the 
TMDL as the Load Allocation (LA).  The Calibration and Baseline Scenario loads 
were based on the HSPF model of the Gunpowder Falls Watershed.  The modeling of 
the watershed accounted for both natural and human-induced components, including 
atmospheric deposition and septic loadings.  Details on the HSPF model can be found 
in Modeling Framework for Simulating Hydrodynamics and Water Quality in 
Prettyboy and Loch Raven Reservoirs (ICPRB and MDE, 2006). 

 
• Stormwater Loads  
 

In November 2002, EPA advised states that NPDES-regulated storm water discharges 
must be addressed by the wasteload allocation (WLA) component of a TMDL. See 40 
C.F.R. § 130.2(h).  NPDES-regulated storm water discharges may not be addressed 
by the load allocation (LA) component of a TMDL.  EPA also provided guidance on 
ways to reflect the TMDL stormwater wasteload allocation (WLA). The stormwater 
phosphorus loads simulated in the TMDL scenario represent a 15% reduction in TP 
from baseline urban stormwater loads.  Urban stormwater loads are now part of the 
WLA.  
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Current stormwater Phase I individual permits and new stormwater Phase II permits 
are considered point sources subject to WLA assignment in the TMDL, instead of LA 
assignment as in the past.  EPA recognizes that limitations in the available data and 
information usually preclude stormwater allocations to specific outfalls. Therefore, 
EPA’s guidance allows this stormwater WLA to be expressed as a gross allotment, 
rather than individual allocations for separate pipes, ditches, construction sites, etc.  
Available information for the Gunpowder Falls watershed allows the stormwater 
WLA for this analysis to be defined separately for Carroll, Baltimore and Harford 
Counties; however, these WLAs aggregate municipal and industrial stormwater, 
including the loads from construction activity.  
 
Waste load allocations from point source dischargers are usually based on the relative 
contribution of pollutant load to the waterbody.  Estimating a load contribution to a 
particular waterbody from the stormwater Phase I and II sources is imprecise, given 
the variability in sources, runoff volumes, and pollutant loads over time.  Therefore, 
any stormwater WLA portion of the TMDL is based on a rough estimate. 

 
• Wastewater Treatment Plant Loads 

In addition to nonpoint source loads and stormwater point sources, waste load 
allocations to the Hampstead and Manchester WWTP plus a 5% MOS, estimated as 
explained in the next section, make up the balance of the total allowable load.  The 
Hampstead WWTP maximum allowable design flow of 0.9 MGD is used for this 
scenario.  The total phosphorus limit at Hampstead is 0.3 mg/l year round.  The 
Manchester WWTP maximum allowable current permit flow of 0.5 MGD is used for 
this scenario; discharges to surface water occur only from December through March. 
The total phosphorus limit at Manchester is 1.0 mg/l when discharges occur.  All 
significant point sources are addressed by this allocation and are described further in 
the technical memorandum entitled “Significant Nutrient and Sediment Point Sources 
in the Prettyboy and Loch Raven Reservoir Watersheds.” 

 
The TMDL, including loads from stormwater discharges, is now expressed as:  
 

TMDL = WLA [non-stormwater point sources + regulated stormwater point source] + LA + MOS 
 
The phosphorus allocations for Prettyboy and Loch Raven Reservoirs are presented in 
Table 7. 
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Table 7:  Total Phosphorus Allocations (lbs/yr) for Pre ttyboy and Loch Raven 

Reservoirs  
 Prettyboy Reservoir Loch Raven Reservoir 
Nonpoint Source1 19,092 30,184 
Point Source2 2,940 22,010 
Margin of Safety3 1,160 2,747 
Total Maximum Daily Load 23,192 54,941 
1 Excludng urban stormwater loads. 
2Including urban stormwater loads. 
3Representing 5% of baseline nonpoint source and urban stormwater loads. 
 
 

4.5.1 Sediment Load Allocations for Loch Raven Reservoir 

• Nonpoint Source (NPS) Loads  

Nonpoint source loads including agricultural and forest loads are assigned to the 
TMDL as LA.  The Calibration and Baseline Scenario loads were based on the HSPF 
model of the Gunpowder Falls Watershed.  The modeling of the watershed accounted 
for both natural and human-induced components.  The LA to nonpoint sources below 
the Prettyboy Dam represents a decrease of approximately 25% from baseline loads.  
Sediment loads from Prettyboy Reservoir are less than 2% of total sediment load.  
Details on the HSPF model can be found in Modeling Framework for Simulating 
Hydrodynamics and Water Quality in Prettyboy and Loch Raven Reservoirs (ICPRB 
and MDE, 2006). 

 
• Stormwater Loads 
 

The reduction in total phosphorus loads from stormwater discharges will result in a 
reduction in sediment loads, but because of the uncertainty in BMP efficiencies for 
developed land, no reduction is assumed for sediment loads from stormwater 
discharges, and their share of the WLA is set equal to baseline conditions.  
 

• Wastewater Treatment Plant Loads 

The waste load allocation to the Hampstead WWTP makes up the balance of the total 
allowable load.  The Hampstead WWTP maximum allowable current permit flow of 
0.9 MGD is used for this scenario.  The total suspended solids limit is 30.0 mg/l year 
round. All significant point sources are addressed by this allocation and are described 
further in the technical memorandum entitled “Significant Nutrient and Sediment 
Point Sources in the Prettyboy and Loch Raven Reservoir Watersheds.” 
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• Permitted Industrial Facilities 
 

There are three industrial facilities with permits regulating the discharge of total 
suspended solids in the Loch Raven Reservoir watershed. Only one of them, the 
Lafarge Mid-Atlantic and Imerys facility, has even the potential to discharge 
significant sediment loads. The waste load allocation for the quarry was set as the 
product of maximum recorded average discharge at each of the two permitted outfalls 
and a suspended solids limit of 15 mg/l and 17 mg/l for the respective outfalls.   The 
waste load allocation for the two other industrial facilities was also set as a product of 
the maximum recorded average flow and the permitted suspended solids 
concentration. All significant industrial point sources are addressed by this allocation 
and are described further in the technical memorandum entitled “Significant Nutrient 
and Sediment Point Sources in the Prettyboy and Loch Raven Reservoir Watersheds.”  
Load reductions are broken out by land use and jurisdiction in Appendix D. 

 
The TMDL for Suspended Sediment in Loch Raven Reservoir is as follows: 
 

 TMDL (tons/yr)  = LA +  WLA + MOS 
 

28,925   = 27,715  1,210  implicit 
 
 

4.6 Margins of Safety 
 
A MOS is required as part of a TMDL in recognition of many uncertainties in the 
understanding and simulation of water quality in natural systems.  For example, 
knowledge is incomplete regarding the exact nature and magnitude of pollutant loads 
from various sources and the specific impacts of those pollutants on the chemical and 
biological quality of complex, natural waterbodies.  The MOS is intended to account for 
such uncertainties in a manner that is conservative from the standpoint of environmental 
protection.  
 
Based on EPA guidance, the MOS can be achieved through two approaches (EPA, April 
1991).  One approach is to reserve a portion of the loading capacity as a separate term in 
the TMDL (i.e., TMDL = Load Allocation (LA) + Waste Load Allocation (WLA) + 
MOS).  The second approach is to incorporate the MOS as conservative assumptions 
used in the TMDL analysis.   Maryland has adopted a MOS for nutrient TMDLs using 
the first approach.  The reserved load allocated to the MOS was computed as 5% of the 
total loads for phosphorus.  These explicit phosphorus margins of safety are 1,160 lbs/yr 
for Prettyboy Reservoir, and 2,747 lbs/yr for Loch Raven Reservoir.  
 
In establishing a MOS for sediments, Maryland has adopted an implicit approach by 
incorporating conservative assumptions.  First, because phosphorus binds to sediments, 
sediments will be controlled as a result of controlling phosphorus.  This estimate of 
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sediment reduction is based on the load allocation of phosphorus (4,150 lbs/yr), rather 
than the entire phosphorus TMDL including the MOS.  Thus, the explicit 5% MOS for 
phosphorus will result in an implicit MOS for sediments.  This conservative assumption 
results in a difference of about 5,099 tons/yr (see Section 4.5 above for a discussion of 
the relationship between reductions in phosphorus and sediments).  Secondly, as 
described in Section 4.4.2, MDE conservatively assumes a sediment-to-phosphorus 
reduction ratio of 0.5:1, rather than 0.7:1 sediment-to-phosphorus reduction ratio given in 
the technical guidance provided by EPA Region III.  Table 8 compares the volumetric 
preservation under TMDL conditions in Loch Raven Reservoir with that of several other 
approved TMDLs. 
 

Table 8:  Volumetric Preservation of Various Impoundments Under Sediment 
TMDL Conditions  

TMDL 

VOLUMETRIC 
PRESERVATION 
(TMDL time-span) 

VOLUMETRIC 
PRESERVATION 

(100 year time span) 
Urieville Community Lake (MD) 76% after 40 years 40% 

Tony Tank Lake (MD) 64% – 85% after 40 years 10% to 62.5% 
Hurricane Lake (WV) 70% after 40 yrs 25% 

Tomlinson Run Lake (WV) 30% after 40 yrs Silted in 
Clopper Lake (MD) 98% - 99% after 40 years 96% to 98% 

Centennial Lake (MD) 68% - 87% after 40 years 20% to 69% 
Lake Linganore (MD) 52% - 80% after 40 years Silted in to 52% 

Loch Raven Reservoir (MD) 85% after 50 years 80% 
 
 

4.7 Summary of Total Maximum Daily Loads  
 
The following equations summarize the nutrient TMDLs for Prettyboy and Loch Raven 
Reservoirs, and the sediment TMDL for Loch Raven Reservoir: 
 
For Total Phosphorus in Prettyboy Reservoir: 
 

TMDL (lbs/yr)  = LA +  WLA + MOS 
 

23,192   = 19,092  2,940  1,160 
 
For Total Phosphorus in Loch Raven Reservoir: 
 

TMDL (lbs/yr)  = LA +  WLA + MOS 
 

54,941   = 30,184  22,010  2,747 
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For Suspended Sediment in Loch Raven Reservoir: 
 

TMDL (tons/yr)  = LA +  WLA + MOS 
 

28,925   = 27,715  1,210  implicit 
 

5.0 ASSURANCE OF IMPLEMENTATION 
 
This section provides the basis for reasonable assurances that the phosphorus and 
sediment TMDLs will be achieved and maintained.  For both TMDLs, Maryland has 
numerous well-established programs that may be drawn upon:  the Water Quality 
Improvement Act of 1998 (WQIA); the Clean Water Action Plan (CWAP) framework; 
the Maryland Agricultural Water Quality Cost-Share (MACS) Program; the Low Interest 
Loans for Agricultural Conservation (LILAC) Program; the Maryland Agricultural Land 
Preservation Easement (MALPE) Program, and the Chesapeake Bay Agreement's 
Tributary Strategies for Nutrient Reduction.  Also, Maryland has adopted procedures to 
assure that future evaluations are conducted for all TMDLs that are established.  
Additionally, the federal Safe Drinking Water Act requires states to develop and 
implement source water assessment programs (SWAPs) to study the safety and evaluate 
the vulnerability of drinking water sources to contamination. 
 
The Hampstead WWTP will continue to meet the requirements of its NPDES discharge 
permit, which since 1997 requires an effluent phosphorus concentration below 0.3 mg/l 
and a total suspended solids concentration less than 30 mg/l.  The Manchester WWTP 
will continue to meet the requirements of its NPDES discharge permit, which requires it 
to use spray irrigation to dispose of its wastewater discharge April through November, 
and to meet an effluent concentration limit of 1.0 mg/l TP and 30 mg/l TSS when 
discharging to surface water December through March.  
 
Maryland’s WQIA requires that comprehensive and enforceable nutrient management 
plans be developed, approved and implemented for all agricultural lands throughout 
Maryland.  This act specifically requires that nutrient management plans for nitrogen be 
developed and implemented by 2002, and plans for phosphorus be completed by 2005. 
Maryland’s CWAP has been developed in a coordinated manner with the State's 303(d) 
process.  All Category I watersheds identified in Maryland's Unified Watershed 
Assessment process are totally coincident with the impaired waters list for 2002 approved 
by EPA.  The State is giving a high priority for funding assessment and restoration 
activities to these watersheds.  
 
In 1983, the States of Maryland, Pennsylvania, and Virginia, the District of Columbia, the 
Chesapeake Bay Commission, and the U.S. EPA joined in a partnership to restore the 
Chesapeake Bay.  In 1987, through the Chesapeake Bay Agreement, Maryland made a 
commitment to reduce nutrient loads to the Chesapeake Bay.  In 1992, the Chesapeake 
Bay Agreement was amended to include the development and implementation of plans to 
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achieve these nutrient reduction goals.  Maryland’s resultant Tributary Strategies for 
Nutrient Reduction provide a framework supporting the implementation of nonpoint 
source controls in the Upper Western Shore Tributary Strategy Basin, which includes the 
Gunpowder Falls watershed.  Maryland is in the forefront of implementing quantifiable 
nonpoint source controls through the Tributary Strategy efforts.  This will help to ensure 
that nutrient control activities are targeted to areas in which nutrient TMDLs have been 
established. 
 
In November 1990, EPA required jurisdictions with a population greater than 100,000 to 
apply for NPDES permits for stormwater discharges.  In 1983, the EPA Nationwide 
Urban Runoff Program found that stormwater runoff from urban areas contains the same 
general types of pollutants found in wastewater, and that 30% of identified cases of water 
quality impairment were attributable to stormwater discharges.  The two Maryland 
jurisdictions where the majority of the Loch Raven and Prettyboy watersheds are located, 
Carroll County and Baltimore County, are required to participate in the stormwater 
NPDES program, and have to comply with the NPDES permit regulations for stormwater 
discharges.  Several management programs have been implemented in different areas 
served by the counties.  These jurisdiction-wide programs are designed to control 
stormwater discharges to the maximum extent practicable.  
 
Since 1979, Baltimore City, Baltimore County and Carroll County have had in place a 
formal agreement to manage the reservoir watersheds and, since 1984, these agreements 
have been accompanied by an action strategy with specific commitments from the 
signatories.  A revised Reservoir Watershed Management Agreement was signed in 2005, 
accompanied by a revised Action Strategy.  Table 9 lists the parties to the 2005 
agreement and some of their major commitments made in the Action Strategy. 
 
In June 2005, the Baltimore County Department of Environmental Protection and 
Resource Management, in cooperation with MDE and other stakeholders in the region, 
began to develop a Watershed Restoration Action Strategy (WRAS) document for 
Prettyboy Reservoir.  The purpose of the document is to present a strategy to reduce NPS 
pollution that contribute to impairments in the watershed, while at the same time 
conserving the unique, high quality natural resources. The strategy is developed through 
the combined efforts of the general public, watershed stakeholders, local and county 
governments, non-profit organizations, and state and federal agencies. The document 
outlines the conditions in the watershed, the potential sources of pollution and 
impairments, and actions that can be taken to address these issues. It is anticipated that 
this strategy, scheduled for completion in late 2006, will assure TMDL implementation 
for nonpoint sources. 
 
Additionally, Maryland uses a five-year watershed cycling strategy to manage its waters. 
Pursuant to this strategy, the State is divided into five regions and management activities 
will cycle through those regions over a five-year period.  The cycle begins with intensive 
monitoring, followed by computer modeling, TMDL development, implementation 
activities, and follow-up evaluation.  The choice of a five-year cycle is motivated by the 
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five-year federal NPDES permit cycle. This continuing cycle ensures that every five 
years intensive follow-up monitoring will be performed.  Thus, the watershed cycling 
strategy establishes a TMDL evaluation process that assures accountability.  
 
Finally, it is noted that the baseline calibration scenarios inherently include the effects of 
some BMPs as of the time period affixed in the scenarios (i.e., 1992 – 1997).  Additional 
land use changes and BMP implementation efforts, potentially resulting in water quality 
changes of as-of-yet unknown type and magnitude, have occurred since then.  It is likely 
that initial phases of the implementation process may include an assessment of these 
practices and their potential benefits (or detriments) to water quality. 
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Table 9:  Signatories to the 2005 Reservoir Management Agreement and Their 

Major Commitments under the 2005 Action Strategy (RTG, 2005) 
 
Maryland Department of 
the Environment 

1. Use NPDES program to discourage significant 
phosphorus discharges in reservoir watersheds from 
package plants and new industrial dischargers. 

Maryland Department of 
Agriculture 

1. Enforce the provisions of Maryland Water Quality 
Improvement Act of 1998. 

2. Offer assistance through the Maryland Agriculture 
Cost-Share Program. 

3. Target assistance to farm operations having problems 
with the potential to cause water pollution. 

Baltimore City 1. Continue water quality monitoring of reservoirs. 
Baltimore County 1. Continued water quality monitoring of tributaries. 

2. Maintain Resource Conservation zoning in the 
reservoir watersheds and maintain insofar as possible 
the Urban-Rural Demarcation Line. 

3. Conduct programs of street-sweeping, storm drain-
inlet cleaning, and storm pipe cleaning in urban areas. 

Carroll County 1. Require enhanced stormwater management practices 
for all new development in reservoir watersheds. 

2. Use master land-use plans to support Reservoir 
Management Agreement. 

3. Limit insofar as possible additional urban 
development zoning with the reservoir watersheds. 

Baltimore County Soil 
Conservation District 
 
Carroll County Soil 
Conservation District 

1. Encourage farmers to participate in federal and state 
assistance programs that promote soil conservation 
and the protection of water quality. 

2. Prepare Soil Conservation and Water Quality Plans for 
each farm in the reservoir watersheds, update plans 
where necessary, and assist operators in implementing 
them. 

3. Encourage and assist operators to comply with nutrient 
management plans mandated under the Maryland 
Water Quality Improvement Act. 

Baltimore Metropolitan 
Council 

1. Provide staff for coordination and administration of 
the Reservoir Technical Program through the financial 
support of its member jurisdictions. 
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Technical Memorandum__________________________ 
 
 
Significant Phosphorus and Sediment Point Sources in the Prettyboy and 
Loch Raven Reservoir Watersheds 
 
The U.S. Environmental Protection Agency requires that Total Maximum Daily Load 
(TMDL) allocations account for all significant sources of each impairing pollutant.  This 
technical memorandum identifies, in detail, the significant surface water discharges of 
phosphorus (TP) in the Prettyboy and Loch Raven Reservoir watersheds and sediment in 
the Loch Raven Reservoir watershed used in computing the TMDLs.  The Maryland 
Department of the Environment (MDE) expressly reserves the right to allocate the 
TMDLs among different sources in any manner that is reasonably calculated to achieve 
water quality standards. 
 
Waste load allocations have been made to NPDES-regulated wastewater treatment plants 
(WWTP), municipal separate stormwater dischargers (MS4), and other regulated 
dischargers in the Prettyboy and Loch Raven Reservoir watersheds.  The Manchester 
WWTP is the only wastewater treatment plant contributing phosphorus loads in the 
Prettyboy Reservoir watershed and Hampstead WWTP is the only wastewater treatment 
plant contributing phosphorus in the Loch Raven Reservoir watershed.  It also contributes 
sediment to the Loch Raven Reservoir watershed.  Two MS4s discharge phosphorus to 
the Prettyboy Reservoir watershed: Baltimore County and Carroll County. These same 
two MS4s, as well as Harford County, also discharge phosphorus and sediment to the 
Loch Raven Reservoir watershed.  In addition to the WWTP and MS4s, there are three 
small permittees which discharge sediment to the Loch Raven Reservoir watershed.  
 
Wasteload allocations to the WWTPs have been made based on permitted flow and 
concentrations. Baltimore County, Carroll County, and Harford County are all covered 
under NDPES Phase I stormwater permits.  Annual waste load allocations have been 
made to these stormwater dischargers based on the Gunpowder Falls Watershed HSPF 
Model.  The stormwater phosphorus and sediment loads account for contributions from 
developed land.  The land use information was based on 1997 Maryland Department of 
Planning data.  Wasteload allocations for smaller permittees were based on permitted 
concentrations and the maximum reported flow 1996-2005. 
 
Table 1A shows the allocation of total phosphorus loads attributed to point sources in the 
Prettyboy Reservoir watershed.  Table 1B shows the allocation of both phosphorus and 
sediment loads attributed to point sources in the Loch Raven Reservoir watershed. 
 
 



FINAL 

Gunpowder Reservoirs 
Nutrients/Sediment TMDLs PS Tech Memo  
Document version:  August 23, 2006 2

Table 1A 
Total Phosphorus Loads Attributed to Point Sources in the Prettyboy Reservoir 

Nutrient TMDL 
Nutrient Loads 
(lbs/year) 

Concentration 
(mg/l) 

Point Source 
Name 

Permit Number 

TP 

Flow 
(MGD) 

TP 
Manchester 
WWTP 

MD0022578 506 0.5* 1.0 mg/l 

Baltimore 
County 

 862   

Carroll County  1,572   
Total  2,940   
* Discharges are only permitted December 1 - March 31. 
  
 

Table 1B 
Total Phosphorus and Sediment Loads Attributed to Point Sources in the Loch 

Raven Reservoir Nutrient and Sediment TMDLs 
 

  Concentration (mg/l) Point 
Source 
Name 

Permit 
Number TP 

(lbs/year) 
Sediment 
(tons/year) 

Flow 
(MGD) TP Sediment 

Hampstead MD0022446 823 41 0.9 0.3 30 
Texas 
Quarry 

MD0000175 N/A 59 1.0 (003) 
1.4 (008) 

N/A 15 (003) 
17 (008) 

MD 
National 
Guard 

MD0067687 N/A 0.05 0.0002 N/A 60 

Gray and 
Sons 

MD00063568 N/A 0.02 0.001 N/A 30 

Baltimore 
County 

 20,753 
 

1,023    

Carroll 
County 

 401 
 

80    

Harford 
County 

 33 6    

Total  22,010 1,210    
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Technical Memorandum__________________________ 
 
Significant Phosphorus and Sediment Nonpoint Sources in the Prettyboy 
and Loch Raven Reservoir Watersheds 
 
 
The U.S. Environmental Protection Agency requires that Total Maximum Daily Load 
(TMDL) allocations account for all significant sources of each impairing pollutant.  This 
technical memorandum identifies, in detail, the significant nonpoint sources of 
phosphorus (TP) in the Prettyboy and Loch Raven Reservoir watersheds and the 
significant sources of sediment in the Loch Raven Reservoir watershed.  It also identifies 
the distribution of the significant nonpoint sources among different land uses.  Details are 
provided for allocating nonpoint source (NPS) loads for phosphorus and sediment to 
different land use categories.  These are conceptual values that are within the TMDL 
thresholds.  The Maryland Department of the Environment (MDE) expressly reserves the 
right to allocate the TMDLs among different sources in any manner that is reasonably 
calculated to achieve water quality standards. 
 
The NPS loads for phosphorus and sediment were both estimated using the Gunpowder 
Falls Watershed HSPF model.  The NPS loads that were used in the model account for all 
sources, including both “natural” and human-induced components.  As explained in the 
main document, the simulation of the Gunpowder Falls watershed used the following 
assumptions:  (1) variability in patterns of precipitation were estimated from existing 
National Oceanic and Atmospheric Administration (NOAA) meteorological stations; (2) 
hydrologic response of land areas were estimated for a simplified set of land uses in the 
basin; and (3) agricultural information was estimated from the Maryland Department of 
Planning (MDP) land use data, the 1997 Agricultural Census Data, and the Farm Service 
Agency (FSA).  The phosphorus loads account for contributions from atmospheric 
deposition, cropland, pasture, feedlots, and forest.  Urban land contributions are included 
in the point sources technical memorandum.  The land use information was based on 
1997 Maryland Department of Planning data. 
 
Tables 1A provides one possible scenario for the distribution of average annual total 
phosphorus NPS loads between different land use categories in the Prettyboy Reservoir 
watershed.  Tables 1B provides one possible scenario for the distribution of average 
annual total phosphorus NPS loads between different land use categories in the Loch 
Raven Reservoir watershed.  Table 1C provides one possible scenario for the distribution 
of average annual sediment NPS loads between different land use categories Loch Raven 
Reservoir watershed. 
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Table 1A 
Nonpoint Source Phosphorus Loads Attributed to Significant Land Uses for the 

Prettyboy Reservoir Nutrient TMDL 
Land Use Category Percent of Nonpoint Source 

Load 
TP Nonpoint Source Load 
(lbs/year) 

Mixed Agricultural 76% 14,518 
Forest and Other 
Herbaceous 

24% 4,574 

Total 100% 19,092 
 
 

Table 1B 
Nonpoint Source Phosphorus Loads Attributed to Significant Land Uses for the 

Loch Raven Reservoir Nutrient TMDL 
Land Use Category Percent of Nonpoint Source 

Load 
TP Nonpoint Source Load 
(lbs/year) 

Mixed Agricultural 44% 13,419 
Forest and Other 
Herbaceous 

56% 16,765 

Total 100% 30,184 
 
 
 

Table 1C 
Nonpoint Source Sediment Loads Attributed to Significant Land Uses for the Loch 

Raven Reservoir Sediment TMDL 
Land Use Category Percent of Nonpoint Source 

Load 
Sediment Nonpoint Source 
Load (tons/year) 

Mixed Agricultural 56% 15,450 
Forest and Other 
Herbaceous 

44% 12,266 
 

Total 100% 27,715 
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Table D.1: Baseline Scenario Loads By County and Source 
 

Total Phosphorus (lbs/yr), Prettyboy Reservoir 
Type Baltimore  Carroll Harford York Total 

Crop 13,316 13,900 0 1,261 28,477 
Developed 1,005 1,738 0 8 2,750 
Forest 2,258 1,013 0 116 3,387 
Animal Waste 2,108 4,342 0 625 7,075 
Mixed Open 9 105 0 0 113 
Pasture 2,599 3,377 0 1,060 7,036 
Scour 436 691 0 61 1,188 
Point Source  506   506 
Total 21,731 25,671 0 3,131 50,532 

Total Phosphorus (lbs/yr), Loch Raven Reservoir 
Type Baltimore  Carroll Harford York Total 

Crop 34,755 200 1,214 1,037 37,206 
Developed 17,943 171 22 10 18,146 
Forest 8,650 4 17 48 8,719 
Animal Waste 11,749 23 138 815 12,725 
Mixed Open 6,463 301 16 0 6,780 
Pasture 10,035 0 91 691 10,818 
Scour 2,032 2 11 21 2,067 
Point Source  823   823 
Prettyboy Reservoir     12,999 
Total 91,627 1,524 1,510 2,623 110,282 

Sediment (tons/yr), Loch Raven Reservoir 
Type Baltimore  Carroll Harford York Total 

Crop 21,107 145 567 473 22,292 
Developed 1,085 3 1 0 1,090 
Forest 3,291 1 6 17 3,315 
Manure 0 0 0 0 0 
Mixed Open 20 0 0 0 20 
Pasture 2,155 0 18 138 2,311 
Scour 8,870 10 25 46 8,951 
Point Source 59 41   100 
Prettyboy Reservoir     587 
Total 36,586 201 617 675 38,666 
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Table D.2: Possible Scenario For Distribution of TMDL Loads By County and 
Source 

Total Phosphorus (lbs/yr), Prettyboy Reservoir 
Type Baltimore  Carroll Harford York Total 

Crop 3,887 4,057 0 1,261 9,205 
Developed 854 1,477 0 8 2,339 
Forest 2,258 1,013 0 116 3,387 
Animal Waste 615 1,267 0 625 2,508 
Mixed Open 7 89 0 0 96 
Pasture 758 986 0 1,060 2,804 
Scour 436 691 0 61 1,188 
Point Source  506   506 
Total 8,816 10,086 0 3,131 22,032 

Total Phosphorus (lbs/yr), Loch Raven Reservoir 
Type Baltimore  Carroll Harford York Total 

Crop 6,183 36 216 1,037 7,471 
Developed 15,252 145 19 10 15,426 
Forest 8,650 4 17 48 8,719 
Animal Waste 2,090 4 25 815 2,934 
Mixed Open 5,493 256 14 0 5,763 
Pasture 1,785 0 16 691 2,493 
Scour 2,032 2 11 21 2,067 
Point Source  823   823 
Prettyboy Reservoir     6,500 
Total 41,484 1,270 317 2,623 52,194 

Sediment (tons/yr), Loch Raven Reservoir 
Type Baltimore  Carroll Harford York Total 

Crop 12,666 87 340 473 13,567 
Developed 1,085 3 1 0 1,090 
Forest 3,291 1 6 17 3,315 
Manure 0 0 0 0 0 
Mixed Open 20 0 0 0 20 
Pasture 1,293 0 11 138 1,442 
Scour 8,870 10 25 46 8,951 
Point Source 59 41   100 
Prettyboy Reservoir     440 
Total 27,284 143 383 675 28,925 
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Table D.3: Percent Reductions Under Possible Scenario For Distribution of TMDL 
Loads By County and Source 

Total Phosphorus (lbs/yr), Prettyboy Reservoir 
Type Baltimore  Carroll Harford York Total 

Crop 71% 71% 71% 0%  
Developed 15% 15% 15% 0%  
Forest 0% 0% 0% 0%  
Animal Waste 71% 71% 71% 0%  
Mixed Open 15% 15% 15% 0%  
Pasture 71% 71% 71% 0%  
Scour 0% 0% 0% 0%  
Point Source      
Total      

Total Phosphorus (lbs/yr), Loch Raven Reservoir 
Type Baltimore  Carroll Harford York Total 

Crop 82% 82% 82% 0%  
Developed 15% 15% 15% 0%  
Forest 0% 0% 0% 0%  
Animal Waste 82% 82% 82% 0%  
Mixed Open 15% 15% 15% 0%  
Pasture 82% 82% 82% 0%  
Scour 0% 0% 0% 0%  
Point Source      
Prettyboy Reservoir     50% 
Total      

Sediment (tons/yr), Loch Raven Reservoir 
Type Baltimore  Carroll Harford York Total 

Crop 40% 40% 40% 0%  
Developed 0% 0% 0% 0%  
Forest 0% 0% 0% 0%  
Manure 0% 0% 0% 0%  
Mixed Open 0% 44% 0% 0%  
Pasture 40% 40% 40% 0%  
Scour 0% 0% 0% 0%  
Point Source      
Prettyboy Reservoir     25% 
Total      
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