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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. 



SPRING BRANCH SMALL WATERSHED ACTION PLAN 

 2-10

  

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 
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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. 



SPRING BRANCH SMALL WATERSHED ACTION PLAN 

 2-14

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. 



SPRING BRANCH SMALL WATERSHED ACTION PLAN 

 2-15

 

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 
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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
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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. 
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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. 
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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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