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Introduction 
 
This purpose of this Technical Bulletin is to help local and state stormwater managers in 
the Chesapeake Bay meet the following objectives:  
 

 Understand the impact of nutrient over-enrichment on streams, rivers, estuaries 
and the main trench of the Chesapeake Bay. 

 

 Define the best current science with respect to nutrient loads in urban 
stormwater and the effect of various management practices in reducing them. 

 

 Provide technical methods to craft cost-effective watershed implementation plans 
to meet nutrient load allocations under the Chesapeake Bay TMDL.  

 

 Propose interim removal rates for a wide range of urban stormwater practices for 
which official CBP approved rates have not yet been developed. 

 

 Present methods for reporting, tracking and verification of local nutrient 
reductions over time. 

 

 Assemble all the technical information on urban loads and BMP removal rates 
into a single document so it can be peer reviewed and accessed by stormwater 
managers. 

 

 Provide practical low cost strategies for finding the best combination of urban 
BMPs to utilize in local watershed implementation plans.  

 
Caveats: This Technical Bulletin should be considered a work in progress, subject to 
the review and comments of the Urban Stormwater Work Group of the Chesapeake Bay 
Program (CBP) and state partners. While CSN serves as the CBP’s Stormwater Technical 
Coordinator, and has prepared this draft to support a common approach to stormwater 
nutrient accounting across the watershed, this version should not be considered official 
guidance until it has received full peer review and been approved by the CBP and/ or 
the appropriate state water quality agency.  
 
Readers should always consult with their state water quality agency to learn about the 
process to be used in developing local watershed implementation plans and tracking, 
reporting and verifying urban BMP implementation. The Technical Bulletin contains 
numerous web links to find the appropriate state of EPA guidance on these topics. In 
addition, this version does not address pollutant loads generated by agricultural or 
wastewater sector, which will always be a key component of local nutrient reduction.  
This version focuses primarily on nitrogen and phosphorus, and only lightly touches on 
sediment. Other key pollutants which may require management and accounting in local 
TMDLs, such as bacteria, trash, and metals, are also not addressed in this version. 
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Organization of the Technical Bulletin: This bulletin has been written for a broad 
range of users, including local stormwater managers, engineering consultants, state and 
federal regulators, researchers, Bay modelers, and watershed managers.  Since the 
bulleting consolidates a lot of technical information in a single volume, it has been 
organized into seven individual sections so that different users can find the information 
they need:     
 
Section 1, Nutrients in the Chesapeake Bay. is targeted to a general audience, and 
presents the scientific case for why we need to manage nutrients to protect streams, 
rivers and the Bay.  
 
Section 2, Why We Need to Become Nutrient Accountants, describes the key regulatory 
drivers behind the shift toward a more quantitative approach to nutrient management, d 
is intended for local stormwater managers.  
 
Section 3, What We Know About Nutrients in Stormwater, presents a synthesis of more 
than three decades of research on how nutrients get into stormwater, and the typical 
nutrient concentrations found in stormwater runoff in the Bay.  
 
Section 4, Tools to Estimate Local Nutrient Loads, briefly recounts a series of 
spreadsheet tools that have been recently developed to help local stormwater managers 
determine their best strategies for local nutrient reduction.   
 
Section 5, Pollutant Removal by Stormwater Practices, is the longest section of 
bulletin, and contains the core data on the performance of stormwater practices, and the 
methods that can be used to calculate nutrient credits for a dozen different urban BMPs. 
The section is targeted for local stormwater managers, and their consultants, but will 
also be of interest to members of future urban BMP expert panels.    
 
Section 6, A Progressive Strategy to Achieve Local Nutrient Reductions, is expressly 
targeted to local governments who want a simple road map to quickly evaluate which 
BMP credits will have the greatest impact reducing nutrient loads from their 
community. It also describes a suggested local process to develop a watershed 
implementation plan. 
 
Appendix A, Detailed Technical Documentation, provides a home for the detailed 
assumptions and methods that are referenced in the main body of the bulletin 
 
A series of “bottom line” boxes are also interspersed throughout the text to highlight the 
most important conclusions for local watershed managers. 
 
Note to Reviewers: The final version will include examples on how to compute the 
various nutrient credits. While all comments are welcome, CSN is particularly interested 
in getting any performance monitoring data for urban BMPs that we missed in this 
compilation. We also welcome any alternative methods to compute nutrient reduction 
credits, and your thoughts on efficient ways to report, track and verify credits.  
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Section 1: Impacts of Stormwater Nutrients in the Chesapeake Bay 
 

1.1  Impacts of Eutrophication 
 
Nitrogen and phosphorus are invisible pollutants, but their impact on water quality is 
not. In modest amounts, nutrients are a vital element for plant growth, as any gardener 
or farmer can attest. In estuaries, small amounts of nutrients are needed to grow healthy 
sea grass, algae and other forms of aquatic life. If too many nutrients are added, 
however, plant growth is over-stimulated, with a dramatic impact to the health of the 
Bay.  The first symptom is green water. The small single-celled plants in the water 
column, known as algae, take up nutrients quickly and then ―bloom‖ over wide areas. 
Bright green algal blooms can quickly cover the water surface, causing fish kills, 
harming benthic life, and shading out beneficial sea grasses. Under some conditions, the 
algae can produce toxins that affect fish and humans, known as harmful algal blooms 
(e.g., Pfsteria).  
 
The problems don’t end with the blooms. Algae lead a short life, and die off in a matter 
of weeks, after which they settle to the bottom of the Bay. As the dead cells decompose, 
they literally suck oxygen out of the bottom waters of the Bay in the summer, creating 
zones of little or no oxygen where few creatures can survive. The size of these ―dead 
zones‖ in the Bay shifts from year to year, depending on the weather and nutrient loads. 
In an average year, however, about 30% of the bottom waters of the Chesapeake Bay 
suffer from little or no oxygen.   
 
The extent of these dead zones is not surprising, considering the enormous nutrient load 
delivered to the Bay every year. The Chesapeake Bay Program estimates that current 
watershed nitrogen and phosphorus loads must be reduced by 25 and 24%, respectively, 
in order to meet water quality standards (EPA, 2011).  
 
The problem of nutrient enrichment is not confined just to the Bay. Excess nutrients 
impact thousands of miles of non-tidal streams that drain to the Bay. Aquatic life in 
these streams tends to be limited by total phosphorus and, to a lesser extent, nitrate. 
When freshwater streams are enriched with nutrients, they produce higher biomass, 
grow more bottom algae and rock slime and have lower oxygen levels. These habitat 
changes harm both fish and aquatic insects, and lead to lower biological diversity.  
 
Extensive surveys conducted on streams in Maryland and North Carolina has shown 
that urbanization produces nutrient enrichment in streams that causes systematic 
declines in indices of biotic integrity for both fish and macro-invertebrates. This 
transition appears to occur at around 0.9 to 1.1 mg/l for total N and about 0.05 to 0.10 
mg/l for total P (Morgan et al 2007, Morgan and Kline, 2010 and McNett et al, 2010) 
 
These nutrient ―threshold‖ concentrations are routinely exceeded during both 
stormwater and base flow conditions in most urban streams, which suggests that any 
nutrient reductions achieved to meet the Bay TMDL will result in improvements in local 
stream water quality and biodiversity.  
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1.2  Stormwater as a Nutrient Source to the Bay  
 
Extensive monitoring and modeling have been conducted over the past three decades to 
define the major sources of nutrients within the Chesapeake Bay watershed. These 
efforts have culminated in the nutrient load projections of the Chesapeake Bay 
Watershed Model (CBWM) which was used to set load allocations for the Chesapeake 
Bay TMDL (EPA, 2011). The CBWM computes loads for the watershed as a whole, the 
seven Bay states and 225 subwatershed segments. The six main load categories include: 
  

• Forest Runoff   
• Wastewater 
• Atmospheric Deposition to Open Water 
• Urban and Suburban Runoff 
• Agricultural Runoff  
• Septic Systems (N only) 

 
Tables 1 and 2 show the current TN and TP loads for the six loading sectors in Maryland, 
the target loads to meet water quality standards in the Bay, and the nutrient load 
reductions that are needed. The basic pattern is similar in other Bay states, but the exact 
numbers differ slightly due to their development intensity and geographical proximity to 
the Chesapeake Bay. 
 
The runoff and septic leaching from urban and suburban land comprise about 20% of 
the total nitrogen load in Maryland (Table 1). To achieve the target load, more than 2.5 
million pounds of nitrogen need to be reduced from the urban sector. This equates to 
about a 37% reduction of nitrogen coming from existing development in the state 
(although it may be possible to trade with another sector, such as agriculture). 
 

Table 1 
Total Nitrogen Loads, By Sector in Maryland Portion of Bay Watershed 

Loading Sector  2009 Load  Target Load  % Reduction 
Needed to Meet 
Target  Million pounds per year 

Forest Runoff  7.13 7.13 0 

Atmospheric Deposition  0.69 0.69 0 

Wastewater 1 14.15 10.46 26% 

Urban and Suburban Runoff  5.65  4.62 35% 

Agricultural Runoff 2 17.8 13.8 23% 

Septic Leaching 4.0 2.45 39% 

TOTAL  49.4 39.1 21% 
Source: MDE (2010) 
1 includes combined sewer overflows 
2 includes confined animal feedlots 
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Stormwater runoff from urban and suburban land also comprises about 20% of the total 
phosphorus load in Maryland (Table 2). To achieve the target load for phosphorus, more 
than a quarter million pounds will need to be reduced. This means that a 36% reduction 
in phosphorus load would need to be attained on existing development in the state 
(absent any trading with another sector, such as agriculture).  
 
It is important to note that major nutrient load reductions are difficult to achieve from 
some loading sectors, such as forest runoff or atmospheric deposition over open water. 
In addition, the wastewater treatment sector is close to approaching the limits of 
nutrient removal technology.  
 

Table 2 
Total Phosphorus Loads, By Sector in Maryland Portion of Bay Watershed 

Loading Sector  2009 Load  Target Load  % Reduction 
Needed to Meet 
Target  Million pounds per year 

Forest Runoff  0.35 0.35 0 

Atmospheric Deposition  0.04 0.04 0 

Wastewater 1 0.87 0.69 34% 

Urban and Suburban Runoff  0.67  0.44 36% 

Agricultural Runoff 2 1.44 1.25 12% 

Septic Leaching -0- -0- 0 

TOTAL  3.3 2.72 12% 

Source: MDE (2010) 
1 includes combined sewer overflows 
2 includes confined animal feedlots 

 

Another important factor to keep in mind with the urban stormwater sector is that it 
continues to grow as more land is converted for new development. This trend is evident 
in Table 3 which shows how urban stormwater has increased over time as a share of the 
total nutrient load to the Chesapeake Bay.  
 
Back in 1985, urban stormwater comprised a relatively minor share of the total nutrient 
loads to the Bay. However, over the next 25 years, the importance of the urban 
stormwater sector has grown sharply. The sharp increase in urban nutrient loads 
reflects both increased urban sprawl and recent nutrient reductions from wastewater 
treatment plants, and to a lesser extent, croplands. According to the OIG (2007), urban 
stormwater is the only Bay nutrient load sector where we are seeing reverse progress in 
load reductions 
 
The urban stormwater sector has significant potential to grow even greater in the future 
(unless smart growth policies are implemented to reduce sprawl and more stringent 
nutrient neutral stormwater regulations are imposed on development). The most recent 
land use projections by CBP forecast an increase of approximately 562,000 acres of 
developed land between 2010 and 2025.   
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Table 3 
Urban Stormwater Loads as Share of Total Load to 

Chesapeake Bay from all Sources 
Year Total Nitrogen1 Total Phosphorus 

1985 2 5 
2000 9 15 
2009 19 20  
2030 ??2 ??2 

1 includes leaching from septic systems 
2 likely to increase if smart growth and new stormwater performance standards are 
not implemented across the watershed 
These nutrient load statistics were derived from various historical Chesapeake Bay 
Program documents. The 2000 nutrient loads were provided in OIG (2007). 

 
 
 
 

Box 1  Bay Nutrient Loads: The Management Bottom Line  
 

 Nutrient enrichment is a serious water quality problem  not only in the 

Chesapeake Bay but is also harming the quality of local streams 

 

 Urban and suburban stormwater has increased nutrient  loads to the Bay 

over the last three decades, and will continue to grow in importance due to 

future growth and development 

 

 Currently, urban stormwater produces about 20% of the total nutrient load 

to the Bay each year  

 

 New development in the future will need to be nutrient neutral, using  

stringent stormwater and smart growth practices to reduce nutrient loads 

to acceptable levels    

 

 Nutrient reductions ranging from 20 to 30% may be needed from existing 

development in order to meet water quality standards  
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Section 2: Why We Need to Become Nutrient Accountants 
 
Three regulatory drivers are converging together to force many local governments, 
planning district commissions and other agencies to take a more quantitative approach 
to manage their stormwater nutrient loads. These include the: 
 

 Chesapeake Bay TMDL  

 Local TMDLs  

 NPDES MS4 Permits. 
 
2.1  The Chesapeake Bay TMDL  
 
The Chesapeake TMDL established load allocations for nitrogen, phosphorus and 
sediment and was finalized in early 2011 (EPA, 2011). At the current time, each Bay state 
is working with its local partners to develop a Phase II Watershed Implementation Plan 
(WIP). These state plans will be used to show how they will implement BMPs and other 
measures to accomplish 60% of their nutrient load reductions by 2017 and all of them 
by 2025.  EPA expects the states to submit a draft by December 2011 and produce a final 
WIP by March of 2012 (EPA, 2011).  
 
Each state has taken a slightly different approach on how they will engage their local 
partners in preparing the Phase 11 WIPs. Table 4 provides links to EPA and state 
websites that describe their unique WIP planning process. Readers are advised to 
consult them regularly since they are being frequently updated.  
 

Table 4 Key Web links for State and Federal Bay TMDL and WIP Guidance  1 

EPA  http://www.epa.gov/chesapeakebaytmdl/ 

DC http://ddoe.dc.gov/ddoe/cwp/view,a,1209,q,502029.asp 

DE http://www.dnrec.delaware.gov/wr/Information/Pages/Chesapeake_WIP.aspx 

MD http://www.mde.state.md.us/programs/Water/TMDL/TMDLImplementation/Pages/PhaseIIBayWIPDev.aspx 

NY http://www.dec.ny.gov/lands/33279.html 

PA http://www.depweb.state.pa.us/portal/server.pt/community/chesapeake_bay_program/10513 

VA http://www.dcr.virginia.gov/vabaytmdl/index.shtml 

WV http://www.dep.wv.gov/WWE/watershed/wqmonitoring/Pages/ChesapeakeBay.aspx 

1 links current as of 7.15.2011s  

 

A few generalities can be made on how the Phase II WIP process will impact local 
governments going forward. 
 

• Each state has elected to take a customized approach on how they will engage 
with local governments to develop strategies for nutrient reduction. In some 
cases, the jurisdictional unit they will work with might be a MS4 permitee, a 
planning district commission, an individual county, or a conservation district.  

 
 

http://www.epa.gov/chesapeakebaytmdl/
http://ddoe.dc.gov/ddoe/cwp/view,a,1209,q,502029.asp
http://www.dnrec.delaware.gov/wr/Information/Pages/Chesapeake_WIP.aspx
http://www.mde.state.md.us/programs/Water/TMDL/TMDLImplementation/Pages/PhaseIIBayWIPDev.aspx
http://www.dec.ny.gov/lands/33279.html
http://www.depweb.state.pa.us/portal/server.pt/community/chesapeake_bay_program/10513
http://www.dcr.virginia.gov/vabaytmdl/index.shtml
http://www.dep.wv.gov/WWE/watershed/wqmonitoring/Pages/ChesapeakeBay.aspx
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• The states will divide the Bay TMDL allocations into local area targets as 
appropriate. These local area targets are not regulatory allocations but will help 
partners better understand their expected contribution to meet the TMDL 
allocations.   

 
• In most cases, local governments will need to submit data on current land use 

and prior BMP installation. They will also want to develop a local strategy for 
nutrient reduction and report their implementation of new BMPs to the state on 
an ongoing basis. In doing so, local governments will need to follow state and/or 
CBP approved procedures for tracking, reporting and verifying the BMPs they 
install.  
 

• As part of the phase II WIP and two-year milestone process, the Bay states are 
responsible for aggregating the local BMP implementation data and submitting it 
as an input deck to EPA to document progress in load reduction. EPA enters the 
data into the Chesapeake Bay Watershed Model to determine the progress made 
in overall state nutrient reduction.  
 

• It is important to  recognize that the implementation phase is a 15 year iterative 
process, with multiple opportunities for adaptive management, technology 
enhancements and collaboration (NRC, 2011). 

 
2.2  Watershed Implementation Plans for Local TMDLs 
 
Many Bay communities are also responsible to show how they will achieve pollutant 
reductions to meet local TMDLs. More than a thousand TMDLs are in some stage of 
development or implementation across the Bay watershed. Local TMDLs are developed 
to meet water quality standards in streams, lakes, rivers and estuaries that are impaired 
by pollution, which could include bacteria, trash, sediment, nutrients, trace metals and 
other pollutants.  
 
Urban areas are especially prone to water quality impairment, It is not surprising that a 
majority of local TMDLs are located within urban watersheds, and much of the required 
pollutant load reductions will need to come from the urban stormwater sector. Once a 
local TMDL has been finalized by the state water quality agency, communities are 
expected to develop an implementation plan to show how they will achieve the pollutant 
reductions needed to attain water quality standards.   
 
This is particularly true when the pollutants are discharged into a municipal stormwater 
system and the community is subject to a NPDES MS4 Phase 1 or Phase 2 stormwater 
permit. EPA is now requiring that new and re-issued NPDES stormwater permits 
specifically contain language that the permit holder must address TMDL 
implementation for any approved TMDL waste load allocation located within their 
system. This includes a schedule of compliance and provisions to offset new or increased 
stormwater discharges (EPA Region 2, 2010). In general, the compliance schedules for 
local TMDL are long range, although permit holders must document the progress they 



Technical Bulletin No. 9 Stormwater Nutrient Accounting 
 

12 
 

are making in BMP implementation in their permit reports to the state water quality 
agency.  
 
2.3  Enhanced MS4 Stormwater Permits   
 
Phase 1 MS4 stormwater permits are derived from the Clean Water Act and are issued to 
two dozen big cities and suburban counties in Maryland, Virginia and the District of 
Columbia.  The permits were first issued in the early 1990s and are a primary regulatory 
tool to treat the discharges of untreated stormwater to the Chesapeake Bay. Nearly all of 
the Phase 1 stormwater permits in the Chesapeake Bay watershed are expected to be re-
issued in 2011 or 2012 with more stringent permit conditions.  
 
The permit conditions may include the need to implement any approved local and Bay 
TMDLs noted in the preceding sections, but may also contain specific numeric retrofit 
provisions to treat the quality and volume of runoff from untreated impervious cover 
(EPA Region 3, 2010). 
 
Maryland had incorporated numeric retrofit provisions in prior permit cycles and 
intends to expand them in the next permit cycle. While the precise nature of the retrofit 
permit provisions is still under negotiation between EPA and other Bay states, it is likely 
that will contain more numeric targets for retrofit and BMP implementation, reporting 
and tracking.     
 
Phase 2 stormwater permits apply to nearly 500 smaller communities in the Bay 
watershed with a population less than 100,000. The permits require localities to 
implement six minimum management measures, including developing programs for 
stormwater education, public involvement, erosion and sediment controls, stormwater 
management, illicit discharge control and pollution prevention from municipal 
operations.  Over time, these permits are likely to become more stringent, although 
perhaps not to the level of Phase 1 permits.  
 
Recent surveys of local stormwater managers that administer MS4 permits indicate they 
are challenged to meet their current permits. For example, 86% indicated that they lack 
the budget/staff to fully implement current permits, and 67% indicated that they did not 
understand how to document pollutant reductions in local watershed implementation 
plans (CSN, 2010c).  
 
In summary, all three regulatory drivers collectively create an increasing need to 
understand nutrient accounting at the local level. Consequently, local stormwater 
managers will need to become better nutrient accountants, and learn how to calculate 
pollutant loads and BMP reduction credits. The next section outlines what research has 
informed us about the ―math‖ of nutrients in urban stormwater.  
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Section 3 What We Know About Nutrients in Stormwater  
 
This section reviews what is known about the primary sources of urban nutrients that 
can be potentially washed off impervious surfaces and delivered to receiving waters via 
stormwater.  A good understanding of the different sources of nitrogen and phosphorus 
is essential to craft effective stormwater management strategies.  
 
3.1  Sources of Nitrogen in the Urban Landscape  
 
The primary sources of nitrogen in urban stormwater are: 
 

• Atmospheric deposition  
• Wash-off of fertilizers 
• Nitrogen attached to eroded soils and stream banks  
• Organic matter (such as pollen and leaves) and pet wastes that are deposited on 

impervious surfaces  
• Leaching of nitrate from functioning septic system leachate  

 
Nothing stays aloft forever, gravity must be reckoned with. Pollutants fall out of the sky 
in two ways. First, when the turbulence created by the winds of the atmosphere can no 
longer counteract gravity, particles descend to earth in a process referred to as dry fall. 
Think of it as the film you see accumulating on your car windshield when it hasn’t 
rained in a few days. The other way airborne pollutants can drop to the earth is to hook 
up with a raindrop or snowflake and wash out of the sky as wet fall. 
 
This steady rain of pollutants can exert a real impact on watersheds, particularly if they 
fall on open water or paved surfaces. If they land on open water, they stand a good 
chance directly reaching the Chesapeake Bay. If they land on paved surfaces, they are 
easily washed into streams through the storm drain systems during storms.  
 
The list of compounds that drop out of the atmosphere is long, and includes minute 
amounts of ammonium, cadmium, calcium, chloride, chromium, copper, fluoride, lead, 
magnesium, manganese, mercury, nickel, nitrate, phosphorus, sodium, selenium, sulfur, 
zinc, as well as some hydrocarbons and herbicides. 
 
Much of the nitrogen found in urban runoff is deposited from the atmosphere, either in 
the form of dry fall or wet fall. Monitoring in the Washington metropolitan area revealed 
that 13 to 17 pounds of nitrogen fall from the sky each year, with the highest rates 
recorded in downtown areas and lower rates in suburban areas.  These atmospheric 
loading rates are roughly equivalent to the total nitrogen load in stormwater runoff 
(Table 5), although atmospheric deposition over pervious areas is seldom subject to 
direct wash off.  
 
Source area monitoring also sheds insights into the importance of air deposition. For 
example, rooftop runoff samples typically average about 1.5 mg/l, which is about 75% of 
the typical nitrogen concentration measured in urban stormwater pipes (Table 6).   
 



Technical Bulletin No. 9 Stormwater Nutrient Accounting 
 

14 
 

Table 5 Relationship of Atmospheric Deposition to Urban Runoff Quality 

Nutrient  Atmospheric Deposition 1  Stormwater Runoff Load 2  

Pounds per impervious acre per year  

Total Phosphorus  0.7 2.0 

Total Nitrogen  13 to 17.0 3 15.4 

1  measured rates during Washington NURP Study (MWCOG, 1983)  
2 Simple Method annual stormwater runoff loads for one acre of impervious cover 
(Schueler, 1987)  
3 About 40% of nitrogen deposition occurs through wet fall, which would presumably be 
quickly converted into runoff. 60% of nitrogen deposition occurs via dry fall, which is 
available for wash off in future storms, or may be blown over to pervious areas  

 
Another important source area is urban lawns. Monitoring indicates that lawn runoff 
has nitrogen concentrations that are five times higher than the average stormwater 
concentration (Table 6). This suggests that nitrogen can wash-off from fertilized lawns, 
particularly if they have heavily compacted soils.  
 
Sampling also suggests that deposited organic matter (i.e., urban detritus) is a moderate 
source of nitrogen (leaves, pollen, pet waste, organic debris, etc). This is evident when 
runoff is sampled from street gutters, where urban detritus  often accumulates (See 
Table 6). About two thirds of the nitrogen measured in stormwater is in organic form, 
which provides indirect evidence for the importance of organic matter as a nitrogen 
source.   
 

Table 6 
 Nitrogen and Phosphorus EMCs  for different urban land covers 

Urban Land Cover Total N (mg/l) Total P (mg/l) 

Lawns 9.70 1.9 

Highway 2.95 0.6 

Streets (Variable) 1.40 0.5 

Parking Lots 1.94 0.16 

Rooftops 1.50 0.12 

Stormwater Runoff EMC 2.0 0.3 

Source; CWP, 2003 
EMC = Event Mean Concentration 

 
 
 



Technical Bulletin No. 9 Stormwater Nutrient Accounting 
 

15 
 

Stream bank erosion is thought to be a major source of nitrogen in urban watersheds, 
but it needs further study. Most runoff monitoring studies collect nitrogen samples from 
the end of a stormwater pipe and not from larger urban streams (and therefore miss the 
nitrogen load produced by eroding stream banks). The soils in floodplains and stream 
banks tend to be enriched with both nitrogen and phosphorus. Stream bank erosion is 
very pronounced in urban and urbanizing watersheds. Recent research indicates that it 
can account for nearly two thirds of the annual sediment yield in urban watersheds (see 
CWP, 2003). 
 
Nitrogen leaching from septic systems can be an important source, particularly for low 
density residential development in close proximity the Bay. Indeed, the Chesapeake Bay 
Watershed Model (CBWM) estimates that each functioning septic system delivers 12 
pounds of nitrogen each year to the Bay, which far exceeds the stormwater load 
discharged from most low density residential sites.  
 
3.2  Sources of Phosphorus in the Urban Landscape  
 
The sources of phosphorus in stormwater runoff are similar to those for nitrogen, but  
their relative contribution is very different. For example, atmospheric deposition is not 
as important as a source of total phosphorus. About 0.7 pounds of phosphorus drop out 
of the sky each year, split equally between wet fall and dry fall (see Table 4). Even if all 
of it washed into storm drains, it would only account for about a third of the phosphorus 
load from urban areas.   
 
The preceding conclusion is reinforced by the low phosphorus concentrations in rooftop 
runoff samples (Table 6). Atmospheric deposition supplies most of the phosphorus in 
roof runoff (although trees and bird droppings also play a role).  Once again, the 
concentration of phosphorus in roof runoff is only about a third of the concentration 
found in stormwater pipes, so some other source in the urban landscape is responsible 
for the bulk of the total phosphorus load. 
 
Source area sampling suggests that runoff of eroded soils and fertilizer from lawns is an 
important source of phosphorus. As can be seen in Table 6, the total phosphorus 
concentration in lawn runoff is approximately six times greater than that measured in 
stormwater runoff. In addition, total phosphorus concentration are significantly higher 
in residential areas (where lawns are ubiquitous) than in commercial and industrial 
areas and freeways (See Table 7). 
 
Another key phosphorus source is the deposition and subsequent wash off of organic 
matter, pet wastes and litter from impervious surfaces. In particular, adjacent trees may 
account for a large portion of the phosphorus load when they shed leaves, pollen, 
flowers or fruits onto paved surfaces that subsequently break down and decompose. 
 
As was the case with nitrogen, stream bank erosion is strongly suspected to be an 
important source of phosphorus in urban watersheds, but more research is needed to 
define its actual importance.  
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Table 7  
National Median Nutrient Concentrations for 

Various Urban Land Uses (N= 3500) 

Urban Land Use Total P (mg/l) Total N (mg/l) 

Residential 0.30 2.o 

Commercial 0.22 2.2 

Industrial 0.26 2.1 

Freeway 0.25 2.3 

Overall   0.27 2.1 

Source: Pitt et al 2004  

 
3.3  Do Nutrient Hotspots Exist?  
 
A key management question is whether certain land uses or activities exist in the urban 
landscape that generates above-normal nutrient concentrations. If such nutrient 
―hotspots‖ exist, it is advisable to target them for increased nutrient management. 
Recent research suggests that there are four nutrient hotspots that urban stormwater 
managers should be concerned about.  
 

Residential land use with high input turf.  As shown in Table 7, residential land 
generates slightly higher nutrient concentrations compared to other land uses. 
Within the residential land category, there is increasing evidence that lawns that 
are fertilized or over-fertilized generate higher nutrient concentrations in runoff 
and groundwater leachate than un-fertilized lawns (Bierman et al, 2010, Vlach et 
al 2009, Kennan, 2008, Easton and Petrovic, 2004, Guillard and Kopp, 2004 and 
Law et al, 2004). According to surveys conducted by Swann (1999), 50% of 
homeowners in the Bay watershed report that they fertilize their yard, with an 
average of two applications per year.  
 
More importantly, 50% indicate that they over-fertilized their yards (i.e., exceed 
the recommended maximum application rate), and fewer than 10% conduct a soil 
test to determine if fertilization is actually needed. This is interesting given that 
existing soils are generally capable of supplying enough nutrients, particularly so 
in the case of phosphorus (Sutton and Cox, 2010).  Given these findings, it is 
recommended that turf cover be split into two categories – fertilized and non-
fertilized - when it comes to modeling local nutrient loads (see Table 8).  
 
 
 
 



Technical Bulletin No. 9 Stormwater Nutrient Accounting 
 

17 
 

Table 8: Suggested EMCs to Characterize Lawn 
Management in WTM Model  
 

Nutrient TP 
(mg/L)  

TN (mg/L)  

Residential  
 
Fertilized 
 
Non-fertilized 

0.3   2.0  

0.4   2.5  

0.2   1.5  

See Appendix A.2  for technical assumptions of derivation 
EMC = Event Mean Concentration 

 
Low density residential development served by septic systems. Rural 
development often relies on on-site septic systems to dispose of wastewater. The 
CBP estimates that each functioning septic system unit leaches about 12 pounds 
of total nitrogen annually, mostly in the form of nitrate-nitrogen. The impact of 
septic systems is most pronounced for systems in the coastal plain in close 
proximity to the Bay. Although the nitrate load moves through groundwater to 
reach surface waters (and is technically not a stormwater load), its migration is 
driven by storms and extended periods of wet weather.  Some indication of the 
possible effect of septic systems on total nitrogen concentrations in the coastal 
plain is evident in Table 9, which compares Virginia EMCs data for sampling 
stations located in residential and non-residential catchments.  
 

Table 9 Total Nitrogen Event Mean 
Concentrations in Virginia Stormwater Runoff 

Catchment Land Use Total Nitrogen 
Coastal Plain Residential    2.96 
Coastal Plain Non-Residential 1.08 
Source: Technical Memo CWP (2008) 
(N=300 storm events) 

 
The annual phosphorus load from functioning septic systems appears to be 
negligible, although it can be significant for failing systems that experience 
surface breakout.   
 
Urban areas with high ―human detritus‖ levels. Certain highly urban land uses 
qualify as nutrient hotspots. These areas are exposed to high levels of trash, litter 
and illegal dumping, a significant fraction of which is organic and biodegradable 
(aka, human detritus). The detritus is transferred to street gutters and storm 
drain cleanouts, where it decomposes and releases nutrients. An example of the 
urban detritus effect is shown in Table 10 which compares nutrient levels in a 
small urban watershed in Baltimore with extremely high gross solids loading 
against the national median nutrient concentrations.  
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As can be seen, nutrient concentrations are higher when small watersheds are 
subject to high levels of urban detritus. Further evidence for the urban detritus 
effect can be inferred from a study of pool water in oil grit separators in Maryland 
(Schueler and Shepp, 1993). Nitrogen and phosphorus concentrations were twice 
as high at gas stations and convenience stores that produced high levels of 
biodegradable litter. 
 

Table 10  Comparison of Stormwater Quality Event Mean 
Concentrations from Runoff 

Stormwater  
Pollutant  

Baltimore City National Median  

Total Nitrogen 2.8 mg/l 2.0 mg/l 

Total Phosphorus 0.32 mg/l 0.27 mg/l 

Source: Baltimore City Diblasi (2008) Suburban National Pitt et al (2004) 

 
Golf Courses   Golf courses are heavily fertilized and have drainage and irrigation 
systems designed to quickly move water through the soils and away from the 
course. Although golf course management practices have improved greatly in the 
last decade, they still appear to qualify as a stormwater hotspot, at least for total 
phosphorus and often for nitrate. Recent research by limnologists (Winter and 
Dillon, 2005) and the turf grass industry (Baris et al 2010) indicates that 
phosphorus and nitrate concentrations are elevated in streams that run through 
golf courses. At the present time, there is insufficient data on the golf course 
effect in the Chesapeake Bay watershed to assign a higher EMC. Still, stormwater 
managers should consider targeting golf courses for retrofits and riparian 
reforestation. 

 
3. 4  Event Mean Concentrations for Nutrients in Runoff    
 
When sampling runoff, researchers collect flow-weighted samples of pollutant 
concentrations throughout the entire storm hydrograph and combine them together to 
produce an ―event mean concentration‖ which characterizes the average nutrient 
concentration for the storm as a whole.  Over the past thirty years, thousands of samples 
have been collected which enables us to characterize nutrient concentrations over a 
broad range of land uses.   
 
One of the key findings is that while urban stormwater is notoriously variable, it is also 
fairly predictable in its variability.  For example, the median nutrient concentration for 
urban stormwater averages 2.0 mg/l for total nitrogen across the nation and in the 
Chesapeake Bay (Table 11). The nitrogen concentration in urban stormwater is on the 
low end of the range for runoff from croplands, and is significantly higher than forest or 
pasture.  The median concentration of total phosphorus in stormwater runoff is about 
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0.3 mg/l, which is the mid range for phosphorus concentrations in cropland runoff, and 
much higher than forest or pasture runoff (Table 11).  
 

Table 11  
Comparison of Median Nutrient Concentrations  

For Various Land Uses in the Watershed 

Land Use Total P Soluble P Total N 

(mg/l) 

Urban 1 0.30 0.16 2.0 

Cropland 2 0.25-0.50 0.10 -0.20  2.0 to 8.0 

Forest 3 0.05 0.01 0.6 

1  from Pitt et al 2004 
2 from various sources, range reflects differences in crop type, 
management, slope and manure/fertilization regime 
3 from Cappiella et al 2006 

 
Another perspective on the ―nutrient strength‖ of urban stormwater is provided in Table 
12 which compares the typical concentration of nutrients in common discharges to the 
Bay, including untreated sewage, combined sewer overflows (CSO’s) and the current 
technological limits for wastewater treatment in the Bay watershed. As can be seen, 
nutrient concentrations in urban stormwater are relatively low ―strength‖ when 
compared to untreated wastewater and CSOs (but are much higher than runoff from 
forested reference watersheds.  
 
Indeed, urban stormwater is roughly on par with the effluent from sewage treatment 
plants that utilize advanced biological nutrient removal technology. The key issue is that 
while sewage treatment plants in the Bay watershed discharge about 2 billion gallons of 
treated effluent each day, a typical storm over developed portions of the watershed 
produces trillions of gallons of polluted stormwater runoff. The implications of flow and 
concentrations on urban nutrient loads are discussed in the next section. 
 

Table 12  Comparative strength of nitrogen and phosphorus concentrations in 
various  stormwater and wastewater discharges  (expressed in mg/L)  

Parameter  Natural 
Waters  

Urban 
Stormwater  

Untreated 
sewage  

CSOs  Treated 
sewage**  

Nitrogen  0.6 2 to 3  20   3-24  3  

Phosphorus  0.05  0.2 – 0.5 10   1-11  0.1  

** current technology in Chesapeake Bay  
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Box 2  Urban Nutrient Sources: The Management Bottom Line  
 

 Nutrients come from many sources and pathways before they become 

entrained in stormwater runoff. 

 

 Managing some of these nutrient sources prior to wash off can be a cost-

effective and practical strategy to reduce nutrient loads at their source.  

 

 For example, atmospheric deposition is an important source of nitrogen and a 

less important source for phosphorus. Improved air quality regulations could 

sharply reduce atmospheric deposition rates.   

 

 Similarly, lawn fertilization appears to be a significant source of the 

nutrients seen in urban runoff. Regulations and education campaigns to 

reduce or eliminate the need for fertilization can play a major role in 

reducing urban nutrient loads 

 

 Four areas of the urban landscape can be considered nutrient hotspots: 

Residential lawns, septic systems of low density residential development, 

golf courses and urban areas with a lot of human “detritus” 
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Section 4 Tools to Estimate Local Stormwater Loads 
 
A series of models and equations can be used to estimate stormwater nutrient loads at 
the site, subwatershed and Bay watershed scale. This section shows how these tools are 
inter-related and can be properly applied to estimate baseline nutrient loads.  
 
4.1  The Simple Method   
  
The Simple Method is an empirical equation developed by Schueler (1987) to estimate 
annual nutrient loads in stormwater runoff using easily derived parameters. It computes 
loads for storm events only, and is best applied to individual drainage areas or 
catchments. The basic equation is:     
 

L = [ P * Pj * Rv /12 ] [ C * A * 2.72] 
 
 
Where:  
      L  = Annual load (lbs) 

P  = Annual rainfall (in) 
Pj  = Fraction of storms producing runoff (0.9) 

  Rv = Site runoff coefficient, based on impervious cover equation   
C  =  Median TN or TP event mean concentration (mg/l) 
A  = Site Area (acres) 
2.72 = Unit conversion factor 
 

A modified version of the Simple Method has been developed to account for the 
differential impact of turf and forest cover in generating runoff from a site (CWP and 
CSN, 2008). The modified equation has been incorporated into the Virginia DCR site 
compliance spreadsheet, and uses a composite runoff coefficient to reflect the forest, 
turf, and impervious cover present at the site, as shown in the equation below.  
 

Rvc  =  (RvI * %I + RvT * %T + RvF * %F)  
 
Where 
 

  RvI  = runoff coefficient for impervious cover  
  RvT  = runoff coefficient for turf cover or disturbed soils 
  RvF  = runoff coefficient for forest cover 
  % I  = percent of site in impervious cover 
  %T  = percent of site in turf cover 
  %F  = percent of site in forest cover  

 
The appropriate runoff coefficients for each hydrologic soil group are provided in Table 
13 
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Table 13. Site Cover Runoff Coefficients 
Site Cover 
Condition  

Hydrologic Soil Group 
HSG  A HSG B HSG C HSG D 

Forest Cover 0.02 0.03 0.04 0.05 
Disturbed Soils 0.15 0.20 0.22 0.25 
Impervious Cover o.95 0.95 0.95 0.95 
See Appendix A-1 for derivation of these runoff coefficients 
 
Despite its simplicity, these equations provide reasonably accurate estimates of annual 
nutrient loads in urban areas when compared to more sophisticated continuous 
simulation models. For example, Ohrel (1996) found strong agreement between the 
Simple Method and the HSPF model in multiple comparisons of annual stormwater 
nutrient loads (HSPF remains the basic core of the CBWM).  
 
Indeed, as shown in Table 14, the predicted annual loads for Version 5.3.0 of the CBWM 
are nearly identical for total phosphorus on a unit acre basis. The predictions for total 
nitrogen are more divergent, although this may reflect the fact that the CBWM load 
includes both stormwater and septic system leachate. This may explain the disparity in 
nitrogen loads between the two methods for low density sites. 
 
 

Table 14 
Comparison on Average Annual Loads for Simple Method   

vs. Watershed Model Unit Loads 
% of Impervious 

Cover in Drainage 

Area 

Total Phosphorus  (lbs/ac/yr) Total Nitrogen (lbs/ac/yr) 
Simple 
Method 

Watershed 
Model 

Simple 
Method  

Watershed 

Model  

10 % 
0.3 0.48 2.3 

4.24 * 

50 % 
1.06 0.97 8.2 

9.60 

100 % 
2.00 2.04 13.5 

14.1 

* Note to reviewers: Checking with CBWM team to make sure this comparison is 
correct given new unit loading rates under Version 5.3.2 
 
The Simple Method has been incorporated into site-based stormwater spreadsheets in 
Virginia and Maryland, which allows engineers to predict reduced phosphorus loads as a 
result of proposed BMPs or retrofits at the site level. These spreadsheets can be accessed 
in Table 15, and need to be modified to handle nitrogen and sediment loadings. 
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4.2  The Watershed Treatment Model 
 

The Watershed Treatment Model (WTM) is a spreadsheet model first developed by 
Caraco (1999) and recently updated (CWP, 2010—See Table 15). The WTM incorporates 
the Simple Method for urban loads, but also computes non-urban loads and secondary 
loads for small watersheds. The WTM was expressly designed to enable users to evaluate 
the effect of a broad range of urban BMPs and retrofits in reducing nitrogen, 
phosphorus and sediment loads. This is a strong advantage since it can handle official 
CBP-approved BMP removal rates, as well as interim BMP rates for practices that have 
yet to be reviewed.  
 
The WTM works well when localities possess good land use/land cover and has been 
successfully used in many watershed plans and TMDL assessments. The WTM is a 
particularly versatile tool to quickly screen many different management options to 
isolate the most cost-effective combination of BMPs.   
 
As with the Simple Method, the WTM typically agrees closely with annual nutrient loads 
predicted by more sophisticated simulation models, such as the CBWM. While the 
predictions of the WTM are robust, they cannot precisely reproduce the CBWM load 
projections within each model segment. This limitation, however, is not as serious as it 
may appear, since local governments are using the WTM for general planning purposes. 
They will still be responsible for reporting their specific BMP reductions to the state in 
an approved unit and format. More guidance on how to make local WTM modeling 
consistent with the Bay TMDL will be provided in a future Technical Bulletin.  
 
4.3  Chesapeake Bay WIP Planning Tools 
 
EPA and the states have developed a set of useful nutrient load analysis tools for local 
government.  The CBP recently released Scenario Builder which is an extremely useful 
tool for rapidly testing various pollutant reduction strategies and practices at the county 
level scale (U of MD, 2010 and Table 15). In its current form, Scenario Builder is 
particularly well suited to evaluate agricultural BMP options.  
 
Scenario Builder also enables users to evaluate the 20 urban BMP options for which 
there are officially approved rates, and to analyze the effects of land use conversion and 
rural BMPs such as filter strips and stream buffers. The tool is fully consistent with both 
the CBWM loading rates and approved BMP removal rates, which makes it easier for 
states to report implementation data to EPA for inclusion into the CBWM progress runs. 
 
The only significant drawback to Scenario Builder is that it is currently limited to a fairly 
narrow range of urban BMP options (see Section 5.3). The CBP will be refining Scenario 
Builder in the coming years to make it a more robust tool for localities to evaluate 
alternative nutrient reduction strategies in urban watersheds.  
 
Several Bay states are customizing Scenario Builder or creating their own tools. As of 
this writing, Maryland is closest to releasing a tool for specifically designed for counties 
and cities known as the Maryland Assessment and Scenario Tool (MAST –see Table 15). 
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Maryland requires that localities report their BMP removal credits using MAST, 
although they may use other models to develop local WIP plans. When released later in 
2011, MAST will be fully compatible with the CBWM model and approved removal 
credits. In addition, MAST will also provide a wider menu of urban BMP credits.  
Virginia also has a similar tool under development which will be known as VAST which 
should be released in time to help localities develop WIP plans. Other states are 
expected to develop similar tools to aggregate the nutrient reductions at the local level 
and scale them up to the state level for reporting to EPA and inclusions into future 
CBWM runs.  
 

Table 15 
Guide to Nutrient Load Models and Tools in the Chesapeake Bay 

Name Status   Weblink 
Simple 
Method 

Available See Section 4.1  

MD Site 
Spreadsheet 

Available www.chesapeakestormwater.net 

VA Site 
Spreadsheet  

Available http://www.dcr.virginia.gov/lr2f.shtml 

WTM  Available http://www.cwp.org/documents/cat_view/83-watershed-treatment-model.html 

MAST Soon  http://www.mde.state.md.us/programs/Water/TMDL/TMDLImplementation/Pag
es/PhaseIIBayWIPDev.aspx 

EPA 
Scenario 
Builder 

Early 2011 
Release 

http://archive.chesapeakebay.net/pubs/SB_V22_Final_12_31_2
010.pdf 

VAST Under 
Development 

http://www.dcr.virginia.gov/vabaytmdl/index.shtml 

 
4.4  A Note about the Chesapeake Bay Watershed Model 
 
The Chesapeake Bay Watershed Model (CBWM) has been under continuous 
development for more than 25 years and is now in Version 5.2.3. The model runs from 
the most recent version were used to establish the nutrient and sediment load target 
allocations for the Chesapeake Bay TMDL. The CBP has a work plan in place to refine 
and improve the model in the coming years. 
 
It will always be difficult to exactly reconcile the nutrient load predictions of the CBWM 
and the simpler models reviewed in this section. This is not surprising given the three 
order of magnitude difference in the scale of the Bay watershed and local 
subwatersheds. Local governments will frequently have more detailed and recent land 
use and land cover, and more precise data on their existing urban BMP inventory.   
 
 
 
 
 
 

http://www.chesapeakestormwater.net/
http://www.dcr.virginia.gov/lr2f.shtml
http://www.cwp.org/documents/cat_view/83-watershed-treatment-model.html
http://www.mde.state.md.us/programs/Water/TMDL/TMDLImplementation/Pages/PhaseIIBayWIPDev.aspx
http://www.mde.state.md.us/programs/Water/TMDL/TMDLImplementation/Pages/PhaseIIBayWIPDev.aspx
http://archive.chesapeakebay.net/pubs/SB_V22_Final_12_31_2010.pdf
http://archive.chesapeakebay.net/pubs/SB_V22_Final_12_31_2010.pdf
http://www.dcr.virginia.gov/vabaytmdl/index.shtml
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Box 3  Nutrient Models: The Management Bottom Line  
 

 Local governments can use tools such as the Simple Method to define the 

pre-BMP nutrient load for many of the BMP credits.  

 

 Other spreadsheet tools such as the Watershed Treatment Model can be 

used to compare the impact of different combinations of BMP credits, 

forecast the impact of future load use change on local loads, and analyze the 

potential for enhancing the nutrient removal provided by your existing 

inventory of BMPs 

 

 EPA and several states have also developed useful spreadsheet tools to 

analyze different BMP scenarios. While these tools are somewhat  limited in 

their potential to evaluate urban BMPs, they are recommended for reporting  

BMP output metrics to your state nutrient tracking agency  

 

 The Chesapeake Bay Watershed Model is a more sophisticated and complex 

simulation model that is being continuously improved and refined. Its primary 

value in the local WIP process is to indicate the mass of nutrients that need 

to be reduced within subwatersheds of the Bay. Local governments don’t 

need to replicate bay model results, and only need to report their BMP 

output metrics to the state.  
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Section 5 Pollutant Removal by Stormwater BMPs 
 
Over the past three decades, considerable research has been undertaken to understand   
the nutrient removal dynamics of urban stormwater practices and translate these into 
generic removal rates that can be used by watershed managers. This section begins with 
a brief review of how our understanding about BMP performance has evolved in 
response to new monitoring data and shifts in stormwater technology. This background 
is needed to interpret the many different (and sometimes conflicting) removal rates that 
have been assigned to different BMPs over time. 
 
Section 5.2 describes the current CBP-approved BMP removal rates and the scientific 
peer review process used to develop them. These rates are to be used to compute local 
nutrient reductions.  
 
Section 5.3 outlines recommended interim rates for a series of urban BMPs that have 
not yet been assigned approved nutrient removal rates. States and localities may use 
these rates for WIP planning purposes until such time as they receive final peer review 
by the Urban Stormwater Workgroup and other CBP committees.   
 
5.1  Evolution of the Science of Stormwater BMPs 
 
Stormwater managers have been grappling to define nutrient removal rates for 
stormwater practices, with at least ten different sets of rates published in the last 25 
years (MWCOG, 1987, Schueler, 1992, Brown and Schueler, 1997, Winer, 2000, Baldwin 
et al, 2003, CWP, 2007, CWP and CSN, 2008, Simpson and Weammert, 2009, ISBD, 
2010, and CSN, 2011). It is no small wonder that managers are confused given that the 
nutrient removal rates change so frequently.  
 
Each new installment of published removal rates reflects more research studies, newer 
treatment technologies, more stringent practice design criteria and more sophisticated 
meta-analysis procedures.   
 
For example, the first review involved only 25 research studies and was exclusively 
confined to stormwater ponds and wetlands, most of which were under-sized by today’s 
design standards. The monitoring design for this era of BMP assessment evaluated the 
change in nutrient concentration as storms passed through individual practices. 
Analysis of individual performance studies showed considerable variability in nutrient 
removal efficiency from storm to storm (negative to 100%), and among different 
practices in the same BMP category.  
 
The variability in removal rates was damped by computing a median removal rate for 
each individual practices and then computing a group mean for all the practices within 
the same group. This enabled managers to develop a unique ―percent removal rate‖ for 
each group of BMPs.   
 
By the turn of the century, about 80 research studies were available to define BMP 
performance, which expanded to include new practices such as grass swales, sand filters 
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and a few infiltration practices. The number of BMP research studies available for 
analysis had climbed to nearly 175 by 2007. Table 16 portrays the percent removal rates 
for nutrients for different groups of stormwater practices.  The percent removal 
approach provides general insights into the comparative nutrient capability of different 
BMPs groups, both in terms of total and soluble nutrient removal. For example, wet 
ponds and filtering systems are clearly superior to dry ponds when it comes to TN and 
TP removal, but wet ponds do a much better job than filtering systems in removing 
soluble N and P.  
 

Table 16 
Typical Percent Removal Rates for Total and Dissolved Fractions of 

Phosphorus and Nitrogen (N=175) 

Practice Group  TP (%) Sol P (%) TN (%) Nitrate-N(%) 

Dry Ponds  20 - 3 24 9 

Wet Ponds  52 64 31 45 

Wetlands  48 24 24 67 

Infiltration  70 85 42 0 

Filtering Systems  59 3 32 -14 

Water Quality Swales 24 -38 56 39 

Source: CWP, 2007 

 
At about the same time, researchers began to recognize the limits of the percent removal 
approach. First, percent removal is a black box approach that provides general 
performance data, but little or no insight into the practice design features that enhance 
or detract from nutrient removal rates (Jones et al, 2008). Second, new data analysis 
showed that there were clear limits on how much any BMP could change nutrient 
concentrations as they passed through a practice. Extensive analysis of the nutrient 
levels in BMP effluent indicated that there appeared to be a treatment threshold below 
which nutrient concentrations could not be lowered.  
 
This threshold has been termed the ―irreducible concentration‖. The nutrient 
concentration limits for each group of practices is shown in Table 17, and are caused by 
pass-thru of fine particles, internal re-packaging of nutrients, biological activity and 
nutrient leaching and/or release from sediments.  
 
The third critique of the percent removal approach was that the population of 
monitoring studies upon which it is based is biased towards newly installed and 
generally well- designed practices. Very few monitoring studies have been performed on 
older practices or practices that have been poorly installed or maintained. The clear 
implication is that the ideal percent removal rate may need to be discounted to reflect 
these real world concerns, and several BMP reviews (Baldwin et al, 2003 and Simpson 
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and Weammert, 2009) have derived more conservative rates in order to account for 
them. 
 

Table 17  
“Irreducible”  Nutrient Concentrations Discharged from Stormwater 

Practices 

Stormwater 
Practice  
Group  

Total 
Phosphorus 

Soluble 
Phosphorus 

Total 
Nitrogen 

Nitrate 
Nitrogen 

mg/l 

Dry Ponds 0.19 0.13 ND ND 

Wet Ponds 0.13 0.06 1.3 0.26 

Wetlands 0.17 0.09 1,7 0,36 

Filtering Practices 0.16 0.06 1.1 0.55 

Water Quality Swales 0.21 0.09 1.1 0,35 

Untreated Runoff 0.30 0.16 2.0 0.6 

Source: Winer (2000) 

 
The most serious critique, however, of the percent removal approach is that it focuses 
exclusively on nutrient concentrations and not flow reductions. This was not much of an 
issue with the first generation of BMPs (ponds, wetlands, and sand filters) since they 
had little or no capability to reduce runoff as it passed through a practice (ISBD, 2010c). 
With the emergence of new research on LID practices, however, the importance of 
runoff reduction in increasing the mass nutrient removal rate became readily apparent 
(see Table 18).  
 
 

Table  18 Composite Annual Runoff Reduction and Nutrient 
Mass Loadings for LID Practices 1 

LID Practices 
Annual Runoff 
Reduction (%) 

TP Mass  

Reduction (%) 
TN Mass 
Reduction (%) 

Bioretention 60 72 77 
Dry Swale 50 65 65 
Infiltration 70 78 75 

Permeable Pavers 60 70 70 
Green Roofs 52.5 52.5 52.5 
Rain Tanks 52.5 52.5 52.5 

Average LID 60 65 65 
1 Source: CWP and CSN (2008) and reflects the average of Level 1 and 
Level 2 design levels  

 



Technical Bulletin No. 9 Stormwater Nutrient Accounting 
 

29 
 

For example, bioretention only has a modest ability to reduce nutrient concentrations, 
but can reduce the volume of stormwater runoff by 50% or more.  The product of the 
two factors results in an impressive mass reduction of nutrients.     
 
Nearly 50 new performance studies on the pollutant and runoff reduction capability of 
LID practices have been published in the last five years. Collectively, this new research 
has had a profound impact on how nutrient reduction rates are calculated, and in 
particular, isolating the critical practice design and site variables that can enhance rates. 
CWP and CSN (2008) synthesized the runoff reduction research and calculated new 
(and higher) mass nutrient removal rates for both traditional and LID stormwater 
practices.  
 
A key element of the new runoff reduction approach is that it prescribes two design 
levels for each practice that have a different nutrient removal rate. An example of the 
two level design approach for bioretention is shown in Table 19. The table reflects recent 
research that indicates which design features, soil conditions and performance 
standards can boost TN and TP removal.  Some of these include:  
 

•  Increased depth of filter media  
•  No more than 3-5% carbon source in media  
•  Create an anoxic bottom layer to  promote denitrification  
•  Increased hydraulic residence time through media (1-2 in/hr) 
•  Test media to ensure soils have a low phosphorus leaching risk 

 

Designers that meet or exceed the Level 2 design requirements are rewarded with a 
higher nutrient mass reduction rate.   

 

Table 19 Example of Two Level Design Approach for Bioretention 

LEVEL 1 DESIGN LEVEL 2 DESIGN 

RR = 40% TP = 55% TN = 64% RR= 80% TP= 90% TN =  90% 

Treats the 90% storm  Treats the 95% storm 

HSG C and D soils and/or under drain  HSG A and B soils OR has 12 inch stone sump 
below under drain invert 

Filter media at least 24‖ deep  Filter media at least 36‖ deep  

One cell design  Two cell design  

Both: Maximum organic material in media of 5% and hydraulic residence time of 1 inch per 
hour through media  

 
The basics of the runoff reduction method and/or design level approach are now 
being incorporated into stormwater design manuals and compliance tools in 
Virginia, West Virginia, District of Columbia, Delaware and the Maryland Critical 
Area. Table 20 summarizes the mass nutrient removal rates developed to implement 
the new Virginia stormwater regulations.  
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Table 20  Mass Nutrient Removal Rates for Stormwater Practices 

Practice  Design  
Level1  

TN Load  
Removal4  

TP Load  
Removal4  

Rooftop Disconnect 5 1 25 to 50 25 to 50 

2 6 50 50 

Filter Strips 5 1 25 to 50 25 to 50 

2 6 50 to 75 50 to 75 

Green Roof  1 45 45 

2 60 60 

Rain Tanks & Cisterns 7 1 15 to 60 15 to 60 

2 45 to 90 45 to 90 

Permeable Pavers  1 59 59 

2 81 81 

Infiltration Practices  1 57 63 

2 92 93 

Bioretention Practices  1 64 55 

2 90 90 

Dry Swales  1 55 52 

2 74 76 

Wet Swales  1 25 20 

2 35 40 

Filtering Practices  1 30 60 

2 45 65 

Constructed Wetlands  1 25 50 

2 55 75 

Wet Ponds 8 1 30 (20) 50 (45) 

2 40 (30) 75 (65) 

ED Ponds  1 10 15 

2 24 31 

Notes 
 1 See specific level 1 and 2 design requirements within each practice specification 
2 Annual runoff reduction rate (%) as defined in CWP and CSN (2008)  
3 Change in nutrient event mean concentration in and out of practice, as defined  in CWP and CSN (2008) 
4 Load removed is the product of annual runoff reduction rate and change in nutrient EMC 
5 Lower rate is for HSG soils C and D, Higher rate is for HSG soils A and B 
6 Level 2 design involves soil compost amendments, may be higher if combined with secondary runoff 
reduction practices 
7 Range in RR depends on whether harvested rainwater is used for indoor, outdoor or discharged to 
secondary runoff reduction practice. Actual results will be based on spreadsheet 
8 lower nutrient removal parentheses apply to ponds in coastal plain terrain  

 

 
The runoff reduction method enables designers to achieve high removal rates when a 
mix of site design credits, LID practices and conventional stormwater practices are 
combined together to meet a specific phosphorus performance standard. In many cases, 
the aggregate nutrient reduction achieved by a mix of LID practices at a site will exceed 
the CBP approved rate for the individual practices (which reflects the higher treatment 
volume, better soil conditions and more stringent design criteria). In summary, urban 
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BMP nutrient removal rates have constantly evolved over time in response to new 
performance research, changing stormwater practices and paradigms, and more 
stringent design criteria and regulations. They are likely to change in the future and 
hopefully increase.   
 
5.2  Approved Removal Rates for Urban BMPs in the Chesapeake Bay  
 
Given the proliferation of removal rates described in the preceding section, the 
Chesapeake Bay Program has established a peer-review process to derive standard and 
consistent removal rates for a wide range of urban BMPs. These rates are used for the 
purpose of defining the aggregate nutrient and sediment reduction associated with BMP 
implementation in the context of the Chesapeake Bay Watershed Model.      
 

Table 21 
Current Urban BMP Efficiency Rates Approved by Chesapeake Bay Program 

as of 2/9/2011 1, 2, 3  
URBAN BMP Total Nitrogen Total 

Phosphorus 
TSS 

MASS LOAD REDUCTION (%) 
Wet Ponds and Constructed 
Wetlands 

20 45 60 

Dry Detention  Ponds 5 10 10 
Dry Extended Detention Ponds 20 20 60 
Infiltration 80 (85) 4 85 95 
Filtering Practices (sand Filters) 40 60 80 
Bioretention C & D w/UD  25 45 55 

A & B w/ UD 70 75 80 
A & B w/o UD 80 85 90 

Permeable 
Pavement 

C & D w/UD  10 (20) 20 55 
A & B w/ UD 45 (50) 50 70 
A & B w/o UD 75 (80) 80 85 

Grass Channels C & D w/o UD 10 10 50 
A & B w/o UD 45 45 70 

Bioswale  aka dry swale 70 75 80 
Nutrient Management  17 22 NA 
Street Sweeping Bimonthly 3 3 9 
Forest Buffers 25 50 50 
1 In many cases, removal rates have been discounted from published rates to account for poor design, 
maintenance and age, and apply to generally practices built prior to 2008 
2 Current Practices are designed to more stringent design and volumetric criteria, and may achieve higher 
rates –see Table 20 
3 Some practices, such as forest conservation, impervious cover reduction, tree planting are modeled as a 
land use change. Urban stream restoration is modeled based on a reduction per linear foot of qualifying 
stream restoration project 
 4 Numbers in parentheses reflect design variation with a stone sump to improve long term infiltration 
rates 
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A clear technical protocol has been established to develop rates that are consistent, 
transparent and scientifically defensible (WQGIT, 2010). The process begins with BMP 
expert panels that evaluate existing research and make initial recommendations on 
removal rates. These, in turn, are reviewed by the Urban Stormwater Workgroup, and 
other CBP management committees, to ensure they are accurate and consistent with the 
CBWM framework. 
 
Since 2003, about 20 urban BMP rates have been established, with the supporting 
documentation provided in Baldwin et al (2003) and Simpson and Weammert (2009). 
The most current CBP-approved efficiency rates are provided in Table 21. Several 
additional urban BMPs are not expressed in terms of an efficiency rate, but rather as a 
land use conversion, reduced application rate or a mass load reduction. These are 
described further in Section 5.3.  
 
A quick glance reveals that the rates tend to be fairly conservative, which reflects the 
concern that ideal or initial removal rates should be discounted due to real world 
implementation issues such as poor design, installation and maintenance, or simply the 
age of the practice. Indeed, the CBP has approved an alternative ―BMP Design Era‖ 
approach whereby BMPs that were designed and installed within a specific design era 
are provided a generic removal rate. See Section 5.3.3 and Appendix A.3 for an example 
of this approach. 
 
It is important to note that the Table 21 rates only apply to BMPs built prior to new state 
runoff reduction or environmental site design performance standards. The effective date 
for the new standards ranges from 2009 to 2014, depending on the individual state. A 
BMP expert panel has been convened to develop removal rates associated with clusters 
of many LID practices used to comply with the new performance standards. 
 

Box 4  Urban BMP Rates: The Management Bottom Line  
 Nutrient removal rates for urban BMPs are constantly evolving in response 

to new research findings, more stringent state stormwater regulations and 

enhanced design criteria. Over time, urban BMP removal rates should 

improve. 

 The current urban BMP removal rates that are approved by the Chesapeake 

Bay Program are developed through a scientific review panel and tend to be 

conservative. 

 As many as a dozen new BMP review panels will be convened in the coming 

years to derive removal rates for new BMPs and update the rates for 

existing BMPs 

 This Technical Bulletin proposes interim rates for a range of urban BMPs 

that can be used on an interim basis for local WIP planning. In addition, the 

technical documentation to justify the new interim rates will be provided to 

future BMP review panels for further comment and analysis. 
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5.3  Proposed Interim Rates for Other Urban BMPs 
 
There are a large number of urban BMPs for which there are either no CBP-approved 
rates, or the current approved rate needs significant updating. This section recommends 
options for defining interim rates to be used in the local WIP planning process.   
 

5.3.1 STORMWATER RETROFITS 

Status: This is a new urban BMP rate and will be the subject of a BMP Expert Panel that 
is scheduled to conclude in 2012. It is recommended that the proposed method be 
accepted on an interim basis during the WIP planning process, until such time as the 
Expert Panel makes its final recommendation.   
 
Definition: Stormwater retrofits are a diverse group of projects that provide nutrient 
and sediment reduction on existing development that is currently untreated by any BMP 
or is inadequately treated by an existing BMP. Stormwater retrofits can be classified into 
five broad project categories, as shown below: 

  
1. New retrofit facilities  
2. BMP conversions  
3. BMP enhancements 
4. Green street retrofits   
5. On-site LID retrofits  

 
Technical Issues: Retrofits can be problematic when it comes to defining a nutrient 
removal rate. For example:  
 

 Every retrofit project is unique to some degree, depending on the drainage area it 
treats, the treatment mechanism(s) it employs, the runoff volume it captures, and 
the degree of prior stormwater treatment at the site, if any.  

 

 Many retrofits are under-sized in comparison to new BMPs designed to new 
development standards, due to site constraints. Some adjustment in pollutant 
removal capability is needed to account for situations where they cannot capture 
and treat the water quality volume.    

 

 There is virtually no research available specifically for stormwater retrofits, so 
removal rates needs to be inferred from other known BMP and runoff reduction 
performance data.  

 

 Many retrofits employ innovative combinations of runoff treatment mechanisms 
and may not be easily classified according to the existing CBP- approved BMP 
removal rates. 

 

 Localities often evaluate dozens or even hundreds of candidate projects during 
retrofit investigations to find the best ones. Therefore, localities will need fairly 
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simple protocols to estimate pollutant reduction achieved by individual retrofits 
projects as part of their watershed assessment and retrofit investigation. 

 
Recommended Overall Protocol to Define Retrofit Removal Rate 
 
The general protocol to define retrofit removal rates is as follows:  
 

Step 1: Compute the baseline load for the drainage area to the proposed retrofit 
using the Simple Method (Schueler, 1987), the Virginia spreadsheet (CWP, 2009) 
or the unit nutrient load method (MDE, 2011). All three methods closely track the 
Bay Model projections for baseline nutrient loads for urban and suburban lands.   
 
Step 2: Select the appropriate method to define a project-specific retrofit 
removal rate, based on its appropriate retrofit classification.  
 
Step 3: Adjust removal rates using the runoff capture method if retrofit is under-
sized  
 
Step 4: Multiply the adjusted retrofit removal rate by the pre-retrofit baseline 
load to obtain the pounds of nutrients reduced by the project.    

 
New retrofit facilities: This category includes new retrofit projects that create storage to 
reduce nutrients from existing developed land that is not currently receiving any 
stormwater treatment. Common examples of new retrofits include creating new storage 
upstream of roadway crossings, near existing stormwater outfalls, within the existing 
stormwater conveyance system or adjacent to large parking lots. Desktop and field 
methods for discovering opportunities for new retrofits are described in Schueler 
(2009).  
 
There are two options to define removal rates for this class of retrofit projects: 
 

CBP Rate Option: If the new retrofit project can be classified into one of the 
existing CBP urban BMP categories and has enough treatment volume to treat 
the runoff from at least one inch of rainfall, then the appropriate CBP approved 
rates should be used (i.e., Table 21). 
 
Stormwater Retrofit Removal Rate Adjustor. If the retrofit is over or under-
sized, or utilizes treatment mechanisms or design enhancements that cannot be 
classified under current CBP urban BMP categories, then designers should 
determine the actual rainfall depth controlled and degree of runoff reduction 
achieved by their retrofit project, and select the appropriate mass removal rate 
from Table 22. Some additional guidance for using Table 22 includes:   
 

 Designers may interpolate between the rainfall depths if their new retrofit 
project has a non-standard rainfall depth controlled. 
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 High removal rates (HI) are assigned to new retrofit projects that achieve 
at least 50% reduction of the annual runoff volume through canopy 
interception, soil amendments, evaporation, rainfall harvesting, 
engineered infiltration, extended filtration or evapotranspiration. 

 
 The low removal rate (LO) should be used if the new retrofit employs a 

permanent pool, constructed wetlands or filtering as the primary runoff 
treatment mechanism. 

 

Table 22 
Stormwater Retrofit Removal Rate Adjustor   

Volumetric Criteria Mass Removal Rate      % 
Rainfall 
depth 
controlled 

Degree of 
runoff 
reduction 

Total 
Phosphorus 

Total  
Nitrogen 

0.25 LO 20 20 
HI 30 30 

0.50 LO 30 35 
HI 45 45 

0.75 LO 40 40 
HI 55 60 

1.0 LO 55 55 
HI 75 70 

1.25 LO 65 65 
HI 85 75 

1.50 LO 75 67 
HI 82 85 

2.0 LO 80 77 
HI 90 92 

2.5 LO 90 85 
HI 95 95 

The technical derivation for the mass removal rates can be found in Appendix 
A.8 

 
BMP conversions are a fairly common and cost-effective retrofit approach where an 
existing BMP is converted into a different BMP that employs more effective treatment 
mechanism(s) to enhance nutrient reduction. Most BMP conversions involve retrofits of 
existing stormwater ponds, such as converting a dry detention pond into a constructed 
wetland (although many other types of BMP conversions are possible). Guidance on 
pond retrofits can be found in Profile Sheet SR-1 in Schueler (2009). 
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There are three options to define removal rates for BMP conversion projects: 
 

Incremental Improvement Method. Most older stormwater ponds can be 
classified according to CBP-approved urban BMP rates, so it is relatively 
straightforward to compute an incremental rate based on the difference between 
the old and new CBP BMP removal rate. For example, if a dry ED pond is 
converted into a wet pond, the phosphorus removal rate would increase from 
20% to 45%, which would result in a net 25% removal due to the conversion 
retrofit.  
 
Incremental Improvement for Maryland Design by Era Method. An incremental 
rate can also be derived based on the age of the BMP being converted. MDE 
(2011) assigns unique nutrient and sediment removal rates for each of the four 
design eras it has established (see Table 24 in Section 5.3.5). In this case, 
designers simply calculate the incremental difference in removal rates for the  
more recent design era compared to the earlier design era, and then multiply it by 
the baseline load delivered to the original BMP. 
 
Incremental Rate Using Stormwater Retrofit Adjustor.  The last method for 
BMP conversions is to use Table 22 to define a project specific mass removal rate 
for the original BMP and the proposed conversion based on the net change in 
rainfall depth controlled and degree of runoff reduction achieved. This method is 
recommended when the proposed BMP conversion utilizes LID practices; 
increases total treatment volume and/or involves major design enhancements.   

 
Enhance Existing BMPs:  This retrofit category applies to projects whereby the basic 
treatment mechanism of the existing BMP is not changed, but its nutrient reduction 
capability is enhanced by increasing its treatment volume and/or increasing the 
hydraulic retention time within the practice. BMP enhancements are a good strategy on 
older and larger ponds and wetlands built under less stringent sizing and design 
standards. BMP enhancement may also be a good strategy for the first generation of 
bioretention and filtering practices, whose original design lacked the features now 
known to enhance nutrient removal.    
 
An example of a retrofit enhancement for an older wet pond might be to increase its 
treatment volume, re-align inlets to prevent short circuiting, add internal cells and  
forebays to increase flow path, and add aquatic benches, wetland elements and possibly 
even floating islands to enhance  overall nutrient reduction.  
 
At first glance, it would seem to be difficult to assign removal rates for these BMP 
enhancements, although many Bay states now utilize a two level design system whereby 
nutrient removal rates are increased when certain treatment volume and design features 
are met or exceeded (Virginia DCR, 2011, CSN, 2011, and soon to be implemented in DC, 
DE, WV).    
 
Therefore, the recommended option to estimate the nutrient reduction achieved by BMP 
enhancement retrofits is as follows:  
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Step 1: The base nutrient removal rate for the existing BMP (prior to 
enhancement) should be the conservative CBP-approved rate found in Table 20.   
 
Step 2: The designer should then evaluate the range of BMP enhancements to 
see if they qualify for the higher Level 1 or Level 2 rates shown in Table 21. 
 
Step 3: The nutrient removal rate for the retrofit is then computed as the 
difference from the Level 1 or 2 rates and the existing CBP-approved rate. 
  

Green Street Retrofits:  Green streets utilize a combination of LID practices within the 
public street right of way, and are gaining popularity as an attractive option to treat 
stormwater runoff in highly urban watersheds (CSN, 2011c). Green streets provide many 
urban design benefits and create a more attractive and functional urban streetscape. 
Green streets typically involve a combination of practices such as permeable pavers, 
street bioretention, expanded tree pits, individual street trees, impervious cover 
removal, curb extensions and filtering practices.  The linear nature of green streets 
makes them a very efficient composite LID practice that can treat several acres of 
impervious cover in a single system.  
 
Numerous green street demonstration projects have been installed in cities within the 
Bay watershed. At the current time, there is no standard design for green streets, since 
each project must deal with unique constraints present in each individual green street 
section (e.g. street width, right of way width, underground utilities, development 
intensity, parking needs, street lighting, and pedestrian/automotive safety). 
 
Consequently, it is impossible to assign a generic nutrient and sediment removal rate for 
green streets at this time. As an alternative, the nutrient removal credit for green streets 
can be estimated in a simple two step process: 
  

Step 1 Impervious Cover Reduction Credit. The Simple Method can be used to 
compute the change in nutrient load that can be attributed the reduction in 
impervious cover associated with a narrower street. This is easily done by 
adjusting the site runoff coefficients to reflect the lower impervious cover 
associated with the green street. 
  
Step 2. The green street project can then be analyzed as a whole to determine 
the actual rainfall depth it controls and degree of runoff reduction it achieves. 
Based on these factors, designers can select the appropriate mass removal rate 
from Table 22, and then multiply it by the adjusted baseline load computed in 
Step 1. The nutrient reduction calculated in this step can then be added to the 
impervious cover reduction credit computed in Step 1.  

 
On-site LID Retrofits:  This category includes the installation of a large number of small 
on-site retrofits, such as rain gardens, compost amendments, rain barrels, rooftop 
disconnections and tree planting, over the scale of a residential neighborhood. These 
retrofits are typically delivered by local governments or watershed groups, who provide 
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incentives and subsidies to individual property owners to implement them. In many 
cases, dozens or even hundreds of these small retrofits might be installed in any given 
subwatershed.  
 
To simplify analysis, it is recommended that localities record the cumulative area of 
impervious cover treated by on-site retrofits, and then enter the average rainfall depth 
controlled and runoff reduction achieved in Table 22 to find the appropriate mass 
removal rate for all of them.  
 
Local Tracking, Reporting and Verification 
 
Localities should maintain a project file for each retrofit project installed. The file 
should be maintained for the lifetime for which the retrofit nutrient removal credit will 
be claimed. The typical duration for the credit will be approximately 25 years, although 
the locality may be required to conduct a performance inspection at least once every five 
years to verify that the practice is being adequately maintained and operating as 
designed. 
 
Localities should also submit some basic documentation to the state about each retrofit, 
including GPS coordinates for the project location, the 12 digit watershed in which it is 
located, the nutrient reduction credit claimed (and the method used to compute it), and 
a signed certification that the retrofit has inspected after construction and meets its 
performance criteria  
 
Localities are encouraged to develop a GIS-based BMP tracking system in order to 
schedule routine inspections and maintenance activities over time.    

 
5.3.2  

COMPOSITE RATE FOR IMPLEMENTATION OF NEW LID/ESD/RR 
PERFORMANCE STANDARDS 

 
Status: This is a new urban BMP and will be the subject of BMP Expert Panel that is 
scheduled to conclude in 2012. It is recommended that the proposed method outlined be 
accepted on an interim basis during the WIP planning process, and until the Panel 
makes a final recommendation.   
 
Definition: Every Bay state has adopted or is in the process of adopting more stringent 
stormwater standards that prescribe high runoff reduction volumes and promote low 
impact development practices. These new standards typically involve installing many 
different environmental site design and LID practices across each development site, 
rather than past approach of building a just a few large downstream BMPs to serve the 
entire site.   
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Technical Issues:  
 
Several key technical questions arise when evaluating new state stormwater 
performance standards:  
 

 What type of aggregate nutrient reduction rate should be offered for new 
development projects designed to more stringent stormwater standards?  As 
was noted in Section 5.1, this new stormwater approach has the potential to 
achieve higher nutrient removal rates than the current CBP-approved rates for 
individual BMPs.  

 

 Would full compliance with the new stormwater performance standards assure 
that new development sites achieve nutrient neutrality in the future? In this 
context, neutrality means that nutrient loads from future new development 
would not count as a new load source in the context of the Bay TMDL.  

 

 How would the aggregate nutrient reduction rate for the new performance 
standards be adjusted in the case of partial compliance or delayed rollout of the 
new standards? For a number of reasons, not every site will be able to fully 
comply with the new performance standards. 

  
There are significant differences among the Bay states in the terminology, sizing criteria 
and expected rollout of their new stormwater performance standards. For example:  
 

 The terminology used to describe the same basic stormwater approach differs 
among  the states and includes terms such as environmental site design, low 
impact development, runoff reduction, on-site retention, and resource 
conservation volumes.  

 

 Each Bay state has a unique hydrologic performance standard in terms of the 
rainfall depth that must be treated with runoff reduction practices. This means 
that an aggregate nutrient load reduction rate must be independently derived for 
each Bay state.     

 

 Each state/locality is on a different schedule to implementing the new 
performance standards, as a result of local ordinance approval, grandfathering 
provisions and other factors. This means that localities in several states may end 
up with a mix of practices designed under the old and new standards from 
approximately 2009 to 2014, which complicates efforts to track the net change in 
nutrient loads from new development going forward.  

 
Recommended Process 
 
The recommended process for each state to define nutrient neutrality in the context of 
their new stormwater performance standards is as follows:   
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Step 1: Analyze the target load reduction in each state using the Version 5.3.2 of 
the Chesapeake Bay Watershed Model (EPA, 2011) and sum up all the runoff-
derived land sources of nutrient loads. These include runoff from forest, 
agricultural (excluding CAFOs) and urban and suburban land uses. Wastewater 
and CSO loads should be excluded from the calculation, since they are not runoff-
related. In addition, atmospheric deposition over open waters of the Bay should 
also be excluded.     
 
Step 2: Divide the total runoff-derived nutrient load by the total acres of land 
within the Bay watershed for the state to obtain the acceptable annual nutrient 
load, in lbs/acre/year. 
 
Step 3: Compare these annual nutrient loadings against the sizing and LID 
technology standards inherent in your state stormwater performance standards. 
This is done by finding the expected annual nutrient load associated with your 
past and current standard, using Table 23.  
 

Table 23 
Post Development Nutrient Load for Different Combinations of 

Stormwater Volume Criteria 
Volumetric Criteria Post Development Load 

Lbs/imperious acre/year 
Rainfall 
Depth 
Controlled 

Degree of 
Runoff 
Reduction 

Total 
Phosphorus 

Total  
Nitrogen 

0.25 LO 1.6 12.0 
HI 1.4 10.5 

0.50 LO 1.4 9.9 
HI 1.1 8.2 

0.75 LO 1.2 8.7 
HI 0.9 6.1 

1.0 LO 0.9 6.6 
HI 0.5 4.5 

1.25 LO 0.7 5.1 
HI 0.3 3.7 

1.50 LO 0.5 4.9 
HI 0.25 2.3 

2.0 LO 0.4 3.5 
HI 0.2 1.5 

2.5 LO 0.2 2.2 
RR 0.1 1.1 

Details on the technical derivation can be found in Appendix A-8 
 

Table 23 provides an estimate of the post development nutrient load under 
different combinations of the rainfall depth controlled and the degree of runoff 
reduction provided. 
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Step 4. Track the cumulative impervious acreage of new development that 
adheres to the new performance standard.  
 
Step 5. Make adjustments for individual sites that do not fully comply with the 
new standards, because they cannot meet the required rainfall capture volume, 
do not provide a high degree of runoff reduction, or are grand-fathered under the 
old design standard. In these circumstances, localities have two options:  
 
The first option is to use Table 23 (or related phosphorus compliance 
spreadsheet) to analyze each individual project, and then track the aggregate 
shortfall from the nutrient neutral threshold on an annual basis. The nutrient 
reduction shortfall would be reported to the state and effectively added to their 
existing nutrient load allocation. 
 
The second option is to require developers to obtain a nutrient offset or pay a fee 
in lieu to ensure an equivalent amount of nutrients are reduced elsewhere in the 
locality to cover the shortfall at the site. 

 
Since most Bay states are shifting to a higher degree of runoff reduction and LID 
practices in their new stormwater standards, there should be a considerable 
improvement in nutrient removal compared to the standards developed in the late 
1990’s and early 2000.  An example of how this analysis was applied to evaluate 
Maryland’s ESD to MEP stormwater standard can be found in Appendix A-8. 
 
Caveats about the Composite Method 
 
There are several important caveats that apply to the composite method presented in 
this section. First, the composite method is designed solely for the purpose of creating 
an aggregate, macro-level tracking for future new development that is fully treated 
under these standards. Other design tools provide more site-specific estimates of the 
phosphorus reduction achieved at individual development sites, such as the MD Critical 
Area phosphorus compliance spreadsheet (CSN, 2011) and the Virginia state-wide 
stormwater compliance spreadsheet (VA DCR, 2011). 
 
Local Tracking, Reporting and Verification 
 

 Local governments should keep track of the impervious acres each year that fully 
meet the new standard and are considered by the state to be nutrient neutral. 
  

 Local governments should provide a post construction certification that practices 
were installed properly at the development site and working as designed before 
they are entered into a local and/or state tracking database.  
 

 In addition, localities should maintain project files for each development site 
where the credit is claimed for the lifetime of the project (usually 20 to 25 years). 
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 The duration of the credit is five years, but can be renewed if field inspection 
indicates the system of practices is performing to the new stormwater standard.  
 

 Local governments should also keep track of any future development projects 
that are designed under the old standard, or cannot fully comply with the new 
standards. They should then report the aggregate nutrient increase for these 
projects to the state as an addition to their local baseline load.   
 

 Localities should also develop and maintain a local tracking database that 
includes a maintenance inspection feature, whereby the site nutrient reduction 
credit is reduced or eliminated if the owner does not perform the ongoing 
maintenance to ensure the system of practices continues to perform well over 
time.    

 
5.3.3 BMP BY DESIGN ERA APPROACH 

 
Status: This credit was approved by a CBP BMP Expert Panel in March of 2011, and 
primarily applies to Maryland communities, although the basic concept could be used by 
other Bay states, as long as they customize the time lines to reflect the unique evolution 
of their stormwater regulations and standards over time (USW, 2011).   
  
Definition: MDE proposed the BMP by Design Era approach as an alternate way for 
Maryland communities to report their historical BMP implementation. It allows 
communities to simultaneously report detailed BMP tracking data required to meet the 
Bay TMDL and keep track of their local MS4 permit retrofit requirements. Maryland 
communities can analyze their BMP inventories by the date of installation to derive a 
generic removal rate for each BMP, as shown in Table 24.  
 
Technical Issues: More specific information on application of the Design by Era 
approach in Maryland can be found in MDE (2011). From a practical standpoint, it is 
recommended that localities merge their existing BMP inventory into their watershed 
GIS system. Experience has shown that as many as a third of all BMPs are located 
within the same drainage area, and/or are pretreatment practices that can only achieve 
a low or negligible nutrient removal rate. Failure to account for these BMPs properly can 
lead to double counting that leads to over-estimation of nutrient reduction by existing 
urban BMPs. Some useful ―work-arounds‖ that can avoid these problems are provided 
in Appendix A-4 and A-5.    
 

Table 24  Summary of MD BMP Design Era Nutrient Removal Efficiencies 
 Total Nitrogen Total Phosphorus Total Suspended Solids 
BMP 1: Pre 1985  0 0 0 
BMP 2: 1985-2001 17 30 40 
BMP 3: 2002 -2010  30 40 80 
BMP 4: Post 2010 50 60 90 
Era 1 Retrofits 25 35 65 
Source: Urban Stormwater Workgroup (2011) 
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Recommended Process. The primary purpose of the BMP by Design Era approach is to 
help communities quickly assess the nutrient reduction achieved by their existing 
inventory of urban BMPs. MDE indicates that it can also be used as a default method for 
estimating nutrient reduction associated with BMP conversion retrofits, using the 
incremental removal rate between each design era. MDE will also accept alternative 
methods to estimate retrofit rates, when properly documented.  
 
Qualifying Conditions: The BMP review panel recommended that the mass removal 
rates for all design eras may need adjustment (up or down), if future research better 
defines the effect of BMP age, maturation, and maintenance (or lack thereof) on actual 
nutrient reduction performance.  
 
Local Tracking, Reporting and Verification: MDE has developed a sophisticated system 
to track local BMP implementation over time which can be found in MDE (2010). 
  

5.3.4 BMP MAINTENANCE UPGRADES 
 
Status: This is a new urban BMP which will be the subject of a BMP Expert Panel that is 
scheduled to conclude in 2012. It is recommended that the proposed method be 
accepted on an interim basis during the WIP planning process, and until the Panel 
makes a final recommendation.   
 
Definition: Many communities have a legacy of thousands of older BMPs that either 
never worked to begin with, have lost their treatment capacity over time, or otherwise 
perform poorly in removing nutrients. An example of a typical county BMP inventory is 
provided in Table 25. 
 

Table 25 
Thirty Years of BMP Inventory in a Maryland County (2006) 

Potentially High Performers  Known Low Performers  

Bioretention/Dry Swales  49 Underground Detention   270 

Sand Filters  279 Dry Ponds  528 

Wet pond  212 Oil Grit Separators  805 

Pond Wetland  98 Proprietary Practices  239 

Infiltration Basin  58 Flow Splitter  321 

Infiltration Trench  459 Other (plunge pools)  30 

Grand Total  3350  

Adapted from MC DEP (2006) 

 
This nutrient removal credit only applies to major maintenance upgrades that can 
measurably improve the nutrient removal performance of existing BMPs.  This occurs 
when the existing BMP has failed or lost its original stormwater treatment capacity. The 
credit is given when an existing BMP is rehabilitated to restore its original performance 
or when major sediment cleanouts are conducted. The credit is similar in many respects 
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to the BMP enhancement retrofit credit, with the main difference being that the nutrient 
removal rate for the existing BMP has been down-graded to zero (based on field 
inspection). 
 
Technical Issues 
 
To qualify for this credit, communities need to undertake a field inspection program to 
assess the performance of their existing BMP inventory.  The field inspections are used 
to downgrade individual BMPs whose hydrologic performance has failed or declined due 
to poor design, installation or maintenance. Specific reasons for a performance 
downgrade might be:  
   

• Infiltration failure  
• Lack of wetland cover in wetlands  
• Significant bypass of stormwater inflows around the BMP  
• Major loss of treatment capacity due to sediment deposition  

 
Based on the field inspection, the nutrient removal rates for individual BMPs can either 
be downgraded to zero (failure) or to half the approved CBP rate (loss of treatment 
capacity), using the methods outlined in Appendix A-4. 
 
For initial WIP planning purposes, communities may want to estimate that about 20 to 
25% of their existing stormwater inventory installed prior to 2000 should be 
downgraded. The reduced performance should be reflected in the local WIP baseline 
nutrient load.  
 
Recommended Process: Two options are suggested to define the nutrient removal credit 
for major maintenance upgrades:    
 
The first option is fairly simple, and increases the down-graded removal rate up to the 
current CBP approved rate for the existing BMP that undergoes a makeover. In rare 
cases, the removal rate can be increased further to the Level 1 or Level 2 rate (see Table 
20), if the BMP upgrade meets the appropriate design criteria.   
 
The second option involves major sediment cleanouts at older BMPs to restore lost 
capacity. In this case, the credit is taken for the mass nutrient reduction associated with 
the mass of dredged sediments physically removed from the BMP, using the same 
general mass loading approach used for street sweeping (Section 5.3. 7), but using dry 
weight conversion and sediment enrichment factors that are appropriate for pond 
sediments (Schueler, 1996). 
 
Qualifying Conditions: 
 
The most important qualifying condition is that a locality must reflect their assumptions 
for the prevalence of BMP performance downgrades in their original the local WIP 
baseline load (i.e., reduce the removal rate for a fraction of BMPs to half of the CBP 
approved rate or lower).  
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The nutrient removal credit is taken after the BMP maintenance upgrade has been 
completed.  
 
Local Tracking, Reporting and Verification: Localities should utilize the same general 
procedures as required for stormwater retrofits (Section 5.3.1).  
 

5.3.5 URBAN STREAM RESTORATION 
 
Status:  This is a new interim BMP rate to replace the existing CBP-approved rate first 
crafted in 2003. A research team is currently reviewing several dozen research projects 
on various aspects of the urban stream nutrient cycle, and will develop a conceptual 
model to predict nutrient removal rate. The literature review will be forwarded to a CBP 
Expert Panel scheduled to conclude in 2012.  It is recommended that the new rate be 
accepted on an interim basis during the WIP planning process, and until the Panel 
makes a final recommendation.   
  
Definition: Recent research has shown clear differences in nutrient and sediment 
delivery rates between healthy, degraded and restored urban streams. In particular, 
urban streams experience high rates of channel erosion that deliver high nutrient and 
sediment loads. For example, the current version of the CBWM utilizes a strong 
empirical relationship between impervious cover and sediment delivery in urban 
watersheds (Langland and Cronin, 2003). The CBWM predicts sediment loads of 100 
lbs/acre occur in watersheds with the least development, but this climbs to nearly 700 
lbs/acre for the most intensely developed watersheds.  
 
The floodplain and channel soils tend to be highly enriched with respect to nutrients, so 
channel erosion is suspected of being an important nutrient source (see Section 3). 
Other research has demonstrated that degraded streams have less capacity for internal 
nutrient uptake and processing, particularly with respect to de-nitrification. Stream 
restoration projects that reduce bank erosion and create in-stream habitat features have 
the capability to reduce both sediment and nutrient export in urban watersheds. 
 
Technical Issues: The original nutrient removal rate for stream restoration projects was 
approved by CBP in 2003, and was based on a single monitoring study conducted in 
Baltimore County, MD (Table 26). The sediment and nutrient removal rates are based 
on the length of the stream reach restored, and appear to be very conservative.  
 
More recent field studies by BDPW (2006) have evaluated the degree of nutrient 
reduction achieved by comprehensive urban stream restoration when compared to the 
in-stream nutrient load generated from un-restored and degraded urban streams.  
BDPW concluded from data on three comprehensive stream restoration projects that TP 
and TN load reductions of 0.068 lbs/linear foot/yr and 0.20 lbs/linear foot/yr could be 
conservatively supported (see Table 26).  
 
Since then, about two dozen papers have been published on the nutrient and sediment 
dynamics of restored urban streams. While many of these studies reinforce the general 
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conclusion that a higher removal rate is warranted, they are being extensively reviewed 
to determine if a more predictive method can be used to derive sediment and nutrient 
removal rates, based on various watershed, reach, cross-section and restoration design 
metrics.     
 

Table 26  
Removal Rate per Linear foot (lf) of Qualifying Stream 

Restoration 

Source TN TP TSS 

CBP (2005) 
N=1 

0.02 lbs 0.0035 2.55 lbs 

Baltimore (2009) 
N=6 

0.20 lbs 0.068 lbs 310 lbs 

U of MD is presently conducting a study of up to 25 research studies on the effect of 
stream restoration on nutrient removal rates which will be run through an Expert Panel 
in 2012 

 
Recommended Rate: The BDPW rates should be used on an interim basis, until the 
stream restoration research review is completed by the University of Maryland, and the 
BMP Expert Panel has an opportunity to review its findings (scheduled for mid 2012).  
   
Qualifying Conditions for Stream Restoration. The key issue is to outline the qualifying 
conditions to receive the credit. Clearly, stream restoration projects that are primarily 
designed to protect public infrastructure by bank armoring or rip rap do not qualify or a 
credit. For now, the recommended qualifying conditions for the project include: 
 

 An entire urban stream reach greater than 100 feet in length that is still actively 
enlarging or degrading in response to upstream development. Most projects will 
be located on first to third order streams. 

 

 Comprehensive stream restoration design, involving the channel, banks and 
floodplain using state approved design methods.  

 

 Special consideration is given to projects that are explicitly designed to reconnect 
the stream with its floodplain and/or create instream habitat features known to 
promote nutrient uptake and/or de-nitrification.  
 

 Pre and post-project monitoring may be required to substantiate bank/channel 
erosion rates, using bank pins, cross-sectional surveys or other methods. 
 

It is anticipated that the BMP Panel will further expand and refine the qualifying 
conditions, as part of its future deliberations.  
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Local Tracking, Reporting and Verification 
 

 Local governments should keep track of the length of qualifying stream 
restoration projects installed each year.  
 

 They will also need to provide a post construction certification that the stream 
restoration practices were installed properly in the project reach and are working 
as designed before they are entered into a local and/or state tracking database. 
  

 In addition, localities should maintain stream restoration project files for each 
development site where the credit is claimed for the lifetime of the project 
(usually 20 to 25 years). 
 

 The duration of the credit is five years, but can be renewed if field inspection 
indicates the stream restoration project is still meeting its design objectives.     

 
5.3.6 REDEVELOPMENT CREDITS 

Status: This is a new urban BMP and will be the subject of BMP Expert Panel on 
Composite BMPs that is scheduled to conclude in 2012. It is recommended that the 
proposed method be accepted on an interim basis during the WIP planning process, and 
until the Panel makes a final recommendation.   
 
Definition: This credit is used to account for nutrient reduction associated with the 
implementation of more stringent redevelopment stormwater requirements on existing, 
untreated impervious cover.  Larger communities with high redevelopment rates and 
stringent stormwater requirements could expect to see substantial nutrient reductions 
which they can deduct from their baseline nutrient load allocation.    
 
Technical Issues: Most Bay states have increased stormwater performance standards 
that apply to redevelopment in urban watersheds (for a review, see CSN, 2011). While 
the stormwater standards for redevelopment tend to be lower than for new 
development, they have the potential to incrementally reduce nutrient loads from 
untreated impervious areas during the redevelopment process.  
 
The proposed redevelopment credit applies to redevelopment projects that meet the 
new redevelopment standards from 2010 and going forward. A simple tracking 
approach is needed since most redevelopment projects are small with respect to 
drainage area, yet are often large in number.  
 
In order to comply with the new redevelopment standards, designers will need to 
employ multiple LID practices that are feasible at high intensity redevelopment sites, 
such as green roofs, foundation planters, permeable pavers and expanded tree pits 
(CSN, 2011). This suggests that a composite approach is needed to define the nutrient 
removal rate for the system of LID practices employed (i.e., Section 5.3.2), rather than 
an individual BMP removal rate.   
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Recommended Process: The proposed redevelopment credit tracking system should be 
reasonably accurate and yet easy to administer. 
 

Step 1: Track the cumulative number of impervious acres that are redeveloped 
each year and meet or exceed the local and/or state stormwater redevelopment 
requirements. This includes projects that treat stormwater on site and/or reduce 
pre-existing impervious cover through acceptable conversion techniques.  
 
Step 2 Multiply the qualifying impervious acres by the nutrient reduction credits 
shown in Table 27. The nutrient credits reflect the different levels of stormwater 
treatment required at redevelopment sites, as well as the extent to which on-site 
runoff reduction is implemented across a locality.  

 
Table 27 

Nutrient Reduction Credit for Different Combinations 
of Redevelopment Volumetric Criteria 

Volumetric Criteria Redevelopment Credit 
 Lbs/imperious acre/year 

Rainfall 
depth 
controlled 

Degree of 
runoff 
reduction 

Total 
Phosphorus 

Total  
Nitrogen 

0.25 LO 0.4 3.0 
HI 0.6 4.5 

0.50 LO 0.6 5.1 
HI 0.9 6.8 

0.75 LO 0.8 6.3 
HI 1.1 8.9 

1.0 LO 1.1 8.4 
HI 1.5  10.5 

1.25 LO 1.33 9.9 
HI 1.7 11.3 

1.50 LO 1.5 10.1 
HI 1.75 12.7 

2.0 LO 1.6 11.5 
HI 1.8 13.5 

2.5 LO 1.8 12.8 
RR 1.9 13.9 

For derivation, consult appendix A-7 
 
Local Tracking, Reporting and Verification: The treated area of each individual 
redevelopment project can only be added to the local database if it has received a post-
construction certification that it is actually working as designed. In addition, a 
municipality can only receive the credit if it meets the minimum state or permit 
standards for on-site maintenance inspections and enforcement. 
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5.3.7 URBAN REFORESTATION 

Status: There is an existing CBP-approved BMP nutrient rate for reforestation in urban 
stream buffers. In addition, tree planting in urban areas is modeled as a land use change 
(i.e., shift from unit nutrient loading rate for turf cover to forest cover).  Neither of these 
rates accounts for situations where stormwater runoff is directed to reforestation areas 
and/or when soil infiltration conditions are improved through soil restoration. In 
addition, there is no credit for urban tree planting techniques to increase forest canopy 
and improve stormwater treatment in highly urban watersheds. Interim methods for 
addressing these situations are proposed, and it is anticipated an Expert Panel and the 
Forestry Working Group will revisit the urban reforestation credits in late 2012 or early 
2013. 
 
Definition: Urban reforestation involves restoring compacted soils and planting trees 
explicit goal of establishing a mature forest canopy that will intercept rainfall, increase 
evapo-transpiration rates, and enhance soil infiltration rates. As a result, at least five 
kinds of reforestation are possible:   
 

1. Upland Reforestation  
2. Forest Filter Strip  
3. Urban Stream Buffer 
4. Urban Tree Canopy 
5. Urban Tree Canopy w/ BMPs  

 
Upland Reforestation is defined as tree planting on a turf or open area that does not 
receive stormwater runoff.    
 
Filter Strips are an engineered practice where trees are planted in a zone that is 
designed to accept runoff from adjacent impervious cover.   
 
Urban Stream Buffers involve planting trees within 100 feet of a stream or wetland to 
create a forest buffer and then installing controls at the boundary so that it can treat 
sheet flow from adjacent pervious or impervious areas.  
 
Urban Tree Canopy involves planting trees in the street right of way in very urban areas 
to create a mature forest canopy over impervious areas. The canopy intercepts rainfall 
and acts as a ―vertical stormwater disconnection‖ during the growing season (Cappiella 
et al, 2006).  
 
Urban Tree Canopy w/ BMPs increase tree canopy but also employs expanded tree pits 
to filter runoff from adjacent impervious areas.   
 
Technical Issues: Research is limited on the hydrologic function and potential nutrient 
removal associated with the five kinds of reforestation described above. In general, the 
CBP approved nutrient and sediment removal rates are higher for reforestation that 
occurs in agricultural watersheds than in urban applications. The primary reason is that 
agricultural buffers and forest filter strips treat nutrients in both groundwater and 
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surface runoff, whereas their urban counterparts treat concentrated runoff that can 
often short-circuit the system. 
  
Lastly, the benefit of reforestation largely depends on where it is located in the urban 
landscape, what are the soil infiltration rates at the site and whether it can treat runoff 
from adjacent impervious areas. As an example, upland reforestation gets a nutrient 
credit that is much smaller than reforestation on permeable soils near a stream or a 
parking lot that is engineered to treat stormwater.  
 
Recommended Rates for Reforestation. 
 
Table 28 outlines the removal rates and reporting units for the five types of urban 
reforestation. 
 

Table 28 
Proposed Interim Rates for Reforestation, Based on Type and Location 

Type and 
Location  

Unit  Soil 
Type 

TN TP TSS 

Upland  Acres reforested NA 10 1 10 1 20 1 
Forest Filter 
Strip  

Strip acreage + IC 
Acres treated 

A & B 50 75 75 
C & D 25 2 50 2 60 2 

Stream Buffer Buffer acreage + 
IC Acres treated 

A & B 50 50 75 
C & D 25 2 50 2 50 2 

Urban Tree 
Canopy 

Aggregate acres of  
forest canopy  

In-situ 10 10 20 
Restored 15 15 25 

Urban Tree 
Canopy BMPs 

 IC acres treated   NA 25 3 45 3 55 3 

Notes:  
1  These rates are derived based on converting the forest cover to an equivalent impervious acre and determining 
nutrient reduction using  Simple Method approach (see Appendix A-6) 
2 Rates shown are current CBP approved rates for urban filter strips and stream buffers, respectively 
3 Rates are assumed to be comparable to current CBP- approved rate for bioretention on C/D soils with under drains   

 
Qualifying Conditions 
 
The qualifying conditions for upland reforestation are as follows:   
 

 The minimum contiguous area of reforestation must be greater than 5,000 
square feet. 

 

 If soils are compacted, they will need to be deep tilled, graded and amended with 
compost to increase the porosity and water holding capacity of the pervious area, 
using the methods outlined in the Bay-wide soil restoration specification.  
 

 The proposed reforestation must be for the purpose of reducing runoff.  
Compensatory reforestation required under local or state forest conservation 
laws is not eligible for the credit 
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 A long term vegetation management plan must be prepared and filed with the 
local review authority in order to maintain the reforestation area in a forest 
condition. 

 

 The planting plan does not need to replicate a forest ecosystem or exclusively rely 
on native plant species, but it should be capable of achieving 75% forest canopy 
within ten years. 
 

 The construction contract should contain a care and replacement warranty 
extending at least two growing seasons, to ensure adequate growth and survival 
of the plant community. Control of invasive tree species should be a major part of 
the initial maintenance plan. 
 

 The reforestation area shall be shown on all construction drawings and erosion 
and sediment control plans during construction. 
 

 The reforestation area should be protected by a stormwater easement, deed 
restriction or other legal instrument which stipulates that no future development 
or disturbance may occur within the reforested area, for a minimum of at least 
ten years. Any clearing or land disturbance after that point will negate the value 
of the nutrient credit.  

 
The qualifying conditions for forested filter strips and urban stream buffers can be 
found in state design guidance such as MDE (2009), VADCR (2009) and CSN (2011). 
Qualifying conditions for urban tree canopy w/ or w/o BMPs have yet to be developed.  

Local Tracking, Reporting and Verification 
 
Tracking of reforestation projects is critical given that there is such a lag time between 
when the trees are planted and when the full runoff and nutrient reduction benefits of a 
forest are realized. In most cases, it takes at least 1o to 15 years for a tree planting to 
acquire the characteristics of a forest. During this time, there are a number of threats to 
successful forest establishment (deer browsing, drought, invasive species, etc).   
 
Therefore, the credit should not be reported until two growing seasons after the initial 
planting to ensure adequate growth and survival, followed by inspections and forest 
management activities every two years thereafter. 
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5.3.8 STREET SWEEPING  

Status: This credit was approved by a CBP BMP Expert Panel in March of 2011 
 
Definition: Frequent street sweeping of the dirtiest roads and parking lots within a 
community can be an effective strategy to pick up nutrients and sediments from street 
surfaces before they can be washed off in stormwater runoff.  
 
Technical Issues: The basic data for defining the credit were initially developed by  
Law et al (2008) based on a Baltimore monitoring study and a nationwide literature 
review of prior street sweeping studies. 
 
Recommended Process: The first and most preferred option is the mass loading 
approach, whereby the mass of street dirt collected during street sweeping operations 
is measured (in tons) at the landfill or ultimate point of disposal.  
 

Step 1: Determine the hopper capacity of your current sweeper technology 
 
Step 2: Weigh the street solids collected to develop a simple relationship 
between street solid mass (in tons) to hopper capacity 
 
Step 3: Keep records on the annual mass of street solids collected from 
qualifying streets   
 
Step 4: Convert tons into pounds of street solids (multiply by 2000), and 
converted to dry weight using a factor of 0.7 
 
Step 5: Derive your nutrient reduction credit by multiplying the dry weight of 
the solids by the following factors:   
 

 Lbs of TN = 0.0025 pounds of dry weight sweeping solids  

 Lbs of TP = 0.001 pounds of dry weight sweeping solids  
 
These factors are based on sediment enrichment data reported by Law et al 
(2008), adjusted from original mg/kg values of 1200 (TP) and 2500 (TN)     
 
Step 6: Compute the TSS reduction credit by multiplying the annual mass of dry 
weight sweeping solids by a factor of 0.3. This correction eliminates street solids 
that are greater than 250 microns in size, and therefore cannot be classified as 
total suspended solids. This factor was developed by the BMP panel and reflects 
particle size data from two recent street sweeping studies.  SPU (2009) estimated 
TSS removal from street sweeping that was approximately 20% of the total dry 
sweeping solids load recovered. The particle size distribution for recovered street 
sweeping solids by Law et al. (2008) showed approximately 30% of the recovered 
solids in this TSS size range (i.e. ≤ 250 μm) by mass.  
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The second accepted method is the qualifying street lanes method.  
 

Step 1:  Each locality reports the number of qualifying lane miles they have 
swept during the course of the year.   
 
Step 2:  Qualifying lane miles are then converted into total impervious acres 
swept by multiplying the miles (5280 feet) by the lane width (10 feet) and 
dividing by 43,560. If both sides of the street are swept, then use a lane width of 
20. 
 
Step 3: Multiply the impervious acres swept by the pre-sweeping annual 
nutrient load using the Simple Method unit loads (Schueler, 1987). 
 

TP = 2.0 lbs/impervious acre/year 
TN = 15.4 lbs/impervious acre/year         

 
Step 4: Multiply the total pre-sweep baseline load by the pickup factors shown in 
Table 29 to determine the nutrient and sediment load credit for street sweeping. 
 

Table 29  Multipliers to Reflect Effect of Street Sweeping 
on the Baseline Load 1 

Technology TSS TP TN 
Mechanical  .10 .04 .04 
Regenerative/Vacuum .25 .06 .05 
1  interpolated values from weekly and monthly street sweeping efficiencies as 
reported by Law et al (2008)  

  
Qualifying Conditions for Street Sweeping Nutrient Reductions:  The nutrient 
reductions only apply to an enhanced street sweeping program conducted by a 
community that has the following characteristics: 
  

 An urban street with an high average daily traffic volume located in commercial, 
industrial, central business district, or high intensity residential setting. 
 

 Streets are swept at a minimum frequency of 26 times per year (bi-weekly), 
although a municipality may want to bunch sweepings in the spring and fall to 
increase water quality impact.   
 

 The reduction is based on the sweeping technology in use, with lower reductions 
for mechanical sweeping and higher reductions for vacuum assisted or 
regenerative air sweeping technologies. 
 

Local Tracking, Reporting and Verification: Localities will need to maintain records on 
their street sweeping efforts using either method, and provide a certification each year 
as to either the annual dry solids mass collected or the number of qualifying street miles 
that were swept.  
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5.3.9 URBAN FERTILIZER MANAGEMENT 

Status: There is an existing credit for urban nutrient management on pervious areas, 
although the qualifying conditions under which it can be claimed are not precise. In 
addition, several Bay states (MD, NY and VA) have enacted legislation to ban 
phosphorus in most commercial and retail fertilizer sales. No credits have yet been 
defined for communities that implement policies to restrict or eliminate fertilizer 
applications on publicly owned turf. An expert BMP review panel will be established to 
further refine urban fertilizer management nutrient credits in 2012.       
        
Definition: Turf covers nearly 4 million acres in the Chesapeake Bay, or just under ten 
percent of total watershed area (CSN, 2009). Surveys have indicated that perhaps as 
much 50% of the turf cover is regularly fertilized (CSN, 2009). While some fertilizer is 
incorporated into turf biomass, research has shown a significant potential for nutrient 

export from urban lawns via stormwater runoff or leaching into shallow groundwater 
(see Section 3).   
 
Fertilization is not generally needed to promote healthy turf growth in most lawns in the 
Bay watershed, given current rates of atmospheric deposition and the use of composting 
lawn mowers. Existing soils are generally capable of supplying enough nutrients, 
particularly so in the case of phosphorus.  Consequently, there are three different urban 
fertilizer management strategies for which removal rates can be defined:  
 

1. Automatic Credit for State-wide P Ban on Fertilizer 
2. Fertilizer Education on Privately Owned Turf  (Urban Nutrient Management) 
3. Fertilizer Restrictions on Publicly Owned Turf      

 
Automatic Credit for State-wide P ban on Fertilizer: The impact of a fertilizer P ban on 
future nutrient load from the urban and suburban land sector was modeled as an 
application reduction in the CBWM, and unofficial model runs suggest that it is an 
extremely effective phosphorus reduction strategy. The model predicted that the total 
phosphorus load from pervious urban lands would decline from 12 to 19% due to a P-
ban, with the greatest reductions in states closer to the Bay and with the greatest turf 
density (Brosch, 2011). As might be expected, the reduction in urban nitrogen load was 
marginal, projected to be less than 1%.   
 
The early CBWM estimates are generally in line with other research and modeling 
studies that have investigated the impact of fertilizer P-bans on phosphorus loadings. 
These studies were conducted outside the Chesapeake Bay, and typically found overall 
phosphorus reductions in the 10 to 12% range (Bierman et al, 2010, Vlach et al, 2009 
and EPA Region 1, 2010).  
 
Urban Nutrient Management: The CBP-approved rate for urban nutrient management 
on pervious land is 17% for TN and 22% for TP (see Table 21). According to CBWM 
documentation, this reduction is credited for urban lawns where fertilizer impact is 
reduced by adhering to certain best practices (e.g., soil testing and fertilizing at 
recommend rates in the appropriate season using slow release formulations). It is 
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unclear whether the urban nutrient management credit also includes property owners 
that elect to become non-fertilizers. The credit appears to be overly generous (at least for 
phosphorus) since the 22% reduction for using P fertilizers judiciously is greater than 
the 17% reduction for eliminating phosphorus from fertilizer altogether (12 to 19%- see 
above).  
 
Fertilizer Restrictions on Publicly Owned Turf:  Communities can enact policies to 
restrict or eliminate fertilizer applications on publicly owned turf, which can comprise 
1o to 15% of the total turf cover in their community (CSN, 2009). In general, fertilizer 
application rates tend to be lower on publicly owned turf, with the exception of golf 
courses and athletic fields.  
 
Fertilizer restriction policies can be implemented rapidly by public land management 
agencies by changing purchasing and contracting policies in order to significantly 
reduce or even eliminate fertilizer applications.  In addition, these policy changes do not 
require the same investment in homeowner outreach, education, engagement and 
behavior change that is inherent in the urban nutrient management model.  
 
Technical Issues: The key technical issue with the last two fertilizer credits is getting 
accurate estimates of the acreage of pervious land where urban nutrient management or 
public land fertilization restrictions are actually being applied (and defining the baseline 
year in which it occurs). For example, it is presumed that education campaigns can 
produce changes in fertilizer behaviors by homeowners, but it is extremely hard to 
measure the precise acreage that is affected without detailed before and after surveys of 
homeowners. In addition, changes in homeowner fertilization behavior may stall or 
even reverse unless outreach campaigns are repeated. 
 
Recommended Process to Define Fertilizer Management Credits  
 

Automatic Credit for State-wide P Fertilizer Ban. The potential impact of state-
wide P ban on reducing urban nutrient loads will be projected in future CBWM 
model runs. These model runs will then be used to reduce each state’s nutrient 
load allocation for the urban and suburban sector as the P bans go into effect 
from 2012 to 2014. In effect, localities will be granted an automatic phosphorus 
reduction credit that can be deducted from their local baseline loads.    
 
Urban Nutrient Management. Local governments may obtain additional 
nitrogen reduction credits if they implement education programs that reduce 
fertilizer applications on privately owned turf. There are two methods they can 
use to track the changes in fertilizer behavior:   
 

Option 1 Use Existing Urban Nutrient Management Credit. In this option, 
it is recommended to use the full 17% reduction for nitrogen for certified 
acres that shift from fertilized to non-fertilized, and use half that rate for 
certified acres where fertilizers shift to lower impact fertilization methods. 
Communities in states that have not enacted fertilizer P bans may use the 
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same approach to credit phosphorus reductions for certified acres (22% 
non-fertilized/11% low impact fertilization).   
 
Option 2 Residential Nutrient EMC. Communities that use WTM models 
can derive a more accurate estimate by tracking the changes in certified 
acres that have shifted from a high fertilizer input EMC to a low fertilizer 
input EMC using the relationship shown in Table 8 (Section 3).  

 
Fertilizer Restrictions on Publicly Owned Turf. This method requires a 
comprehensive analysis of existing fertilization practices on the many different 
types of municipally owned land to identify specific acreage where future 
applications could be reduced or eliminated (Novotney et al, 2009). Once the 
acreage is defined and the community fertilizer restriction policy is implemented, 
then the nutrient load reduction credit can be computed using either Option 1 or 
Option 2 above.       

 
Qualifying Conditions: The key qualifying condition for this credit is the certified acres 
where fertilizer applications change going forward. Several options are available to 
certify acreages, such as before and after surveys of homeowner fertilizer behavior, 
individual pledges to change behaviors, and changes in retail fertilizer sales. More work 
is needed to define these options.    
 
Local Tracking, Reporting and Verification: Maintain records of certified acres where 
fertilizer use has changed.  

 
5.3.10 SEPTIC SYSTEM HOOKUPS AND UPGRADES 

 
Status: This is an existing CBP approved removal credit for three different septic system 
management activities. The credit only applies to nitrogen; no credit is granted for 
phosphorus or sediment reduction.  
 
Definition: Section 3 noted that each functioning septic system in close proximity to the 
Chesapeake Bay can deliver as much as 12 pounds of TN per year. Credit is given for 
three septic system management practices: septic tank pump-outs, retrofitting existing 
septic systems with enhanced de-nitrification technology and connecting existing septic 
systems to sanitary sewers which can provide a higher level of treatment.  
 
Technical Issues: Most septic systems are associated with low density residential 
development, although relict systems may also be found within the existing water and 
sewer envelope.  
 
Recommended Rates: The CBP approved rates for septic system management activities 
are provided in Table 30.  
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Table 30 Nutrient Removal Rates for Septic Systems   

Practice  TN  
Removal  

TP 
Removal  

Reporting 
Units  

Septic Denitrification  55 0 Systems  

Septic Pumping  5 0 Systems  

Septic connections/hookups  55 0 Systems  

 Source: CBP, 2007 

 
5.3.11 ILLICIT DISCHARGE ELIMINATION 

 
Status: This is a potentially new BMP credit that is currently under development and 
may be considered for expert panel review in coming years. The proposed method 
shown here for defining a nutrient credit for the elimination of illicit discharges requires 
further technical and legal analysis. Depending on approval by the CBP, the credit may 
be allowed on an interim basis for select urban communities as part of the WIP planning 
process. 
 
Definition: The proposed credit applies to episodic or chronic discharges of diluted 
sewage into the municipal storm drain system that are detected based on nutrient 
screening of dry weather flow at stormwater outfalls, tracked back up through the storm 
drain system to their source using the methods of Brown et al (2004) and physically 
eliminated. 
 
High nutrient levels have been detected in dry weather flows in a number of urban 
streams in Maryland (CWP, 2010, CWP, 2011). Subsequent outfall screening using 
nutrient based indicators suggest that the much of nutrients are derived from illicit 
discharges of sewage. Part of the reason is the interaction of flows and overflows from 
aging sanitary sewers and storm sewers which often run close together.  
 
Mass balance studies indicate that these discharges may account for as much as 20 to 
30% of the annual nutrient load of some urban streams (CWP, 2011). This suggests that 
an aggressive local IDDE program could achieve significant nutrient reductions. IDDE 
efforts are already required under municipal MS4 stormwater permits. 
  
Technical Issues: There are several issues involved in defining the nature, duration and 
qualifying conditions for this nutrient credit. For example, more research is needed to 
determine if the nutrient discharges reported by CWP (2010) are a universal 
phenomenon in the Bay watershed or are confined to urban watersheds with aging 
sewer infrastructure. Also, although most Bay communities are required to conduct 
outfall screening as part of their MS4 permits, few utilize screening indicators that 
detect the presence of diluted sewage flows, or screen smaller outfalls (less than 36 
inches in diameter which have proven to be a larger share of all illicit discharges (Brown 
et al, 2004). 
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Recommended Process: 
 

Step 1: The dry weather flow rate and nutrient concentrations should be 
measured at suspect outfalls identified during routine outfall screening. 
 
Step 2: The discharge should be tracked back up the storm drain system to its 
source, using the investigation methods provided by Brown et al (2004).  
 
Step 3: The flow rate and nutrient concentration from the source discharge 
should be monitored before and after the discharge is physically eliminated  
 
Step 4: Subsequent monitoring should be conducted at the original outfall to 
conform that dry weather nutrient concentrations have returned to background 
levels.  
 
Step 5: The nutrient credit is computed by multiplying the daily flow rate and 
nutrient concentration of the source discharge to derive a daily nutrient load. The 
daily load can then be multiplied by the number of days from when the suspect 
outfall was discovered and when the source discharge was physically eliminated.  

 
Qualifying Conditions: No credit is given for fixing sanitary sewer overflows that occur 
within the urban stream corridor, nor is any credit given for elimination of transitory 
illicit discharges such as car wash-water.  
 
Local Tracking, Reporting and Verification: To receive the credit, a community must 
provide physical evidence of how the discharge was eliminated, and document the 
change in nutrient concentrations at both the outfall and the source discharge. The 
―fixed‖ outfall should be re-screened every year to verify that the discharge has been 
permanently eliminated.   
 

5.3.12 OTHER URBAN BMP RATES 
 
Certain wetland restoration and shoreline erosion control projects may also be eligible 
for nutrient reduction credit, as shown in Table 31.    
 

Table 31 
Nutrient Removal Rates for Other Urban BMPs 

Practice  TN 
Removal 

TP 
Removal 

Reporting 
Units  

Shoreline Erosion Control 75 75 Linear Feet  

Emergent marsh restoration  42 55 Acres  

Forest wetland restoration  43 58 Acres  

Source: CBP, 2007   

 
 
 



Technical Bulletin No. 9 Stormwater Nutrient Accounting 
 

59 
 

Section 6: A Progressive Strategy for Achieving Local Nutrient Reductions   
 

The preceding sections suggest that local nutrient accounting can be daunting and 
complex process. This section synthesizes the prior technical analysis and recommends 
a simplified series of strategies to identify the easiest and most cost-effective 
combination of BMP credits to achieve your local nutrient reduction allocation.  
 
Every community will develop its own unique nutrient reduction action strategy that 
reflects its size, population, development intensity, forecasted growth, MS4 stormwater 
permit status, terrain and staff resources. The basic approach to develop the action 
strategy, however, is much the same in all communities -- to engage in a simplified 
watershed planning process that progressively investigates which BMP credits are most 
applicable to your community. The basic idea is to proceed through the available BMP 
credits, starting by analyzing the easiest and less expensive ones and moving through 
the more complex and costly ones until compliance is achieved.  
  
This watershed planning process is designed for smaller towns and counties that have 
limited staff and technical resources, and are not planning on creating their own local 
nutrient loading model. Instead, these smaller communities will simply be reporting 
their BMP implementation metrics directly to the state.  
 
By contrast, larger communities may wish to undertake more advanced planning, 
modeling and BMP tracking activities. These more sophisticated nutrient accounting 
methods are described in more detail in Section 7.  Both large and small communities 
should organize their efforts around the 12 BMP implementation strategies outlined in 
this section.  
 
6.1  Put Together Watershed Team to Evaluate Local BMP Implementation 
 
The first step is to convene an interagency team to evaluate the current level of BMP 
implementation in the community. The team lead is usually the agency responsible for 
administering the municipal stormwater permit, but this role may be performed by a 
planning agency in smaller community. It is also useful to invite other stakeholders to 
join the team, such as a planning district commission, soil conservation district, 
cooperative extension service or local watershed group.    
 
The first task for the team is to obtain the local nutrient reduction allocation from the 
state or regional agency administering the TMDL, and coordinate with the state TMDL 
agency to better understand their local expectations for the Phase II watershed 
implementation plan process.    
 
Next, the team should analyze local land use and land ownership data to determine what 
part of their load allocation can be legitimately excluded (i.e., state or federal lands, 
agricultural conservation areas). 
 
The next task for the team is to identify which local agencies or stakeholders have 
primary responsibility to implement the dozen available urban BMP credits shown in 
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Table 32. In many cases, these agencies may already be implementing a credit, or could 
do so through modest changes to existing programs. In these situations, the team 
should: 
 

 Determine whether they meet the qualifying conditions for the credit  

 Calculate the aggregate BMP removal credits  

 Analyze the budgetary impact of expanding BMP implementation 

 Determine how the credits should be documented and reported to the 
appropriate state or regional agency responsible for aggregating BMP 
implementation data. 

 
The next task is to analyze the nutrient reduction potential associated with new BMP 
credits that are not yet being delivered in the community. It is recommended that the 
watershed team progressively evaluate these potential credits in the order in which they 
are presented in this section. 
 
Table 32: Organizing Your Local Watershed Implementation Team 
BMP Credit  Lead Agency  Other Stakeholders 
Watershed Mapping/Planning Planning, GIS  Local watershed group 
Stormwater Retrofits DPW or stormwater review 

agency 
Schools, parks, roads,  
and other public land  

New Development Stormwater review agency Land use planning  
Maintenance Upgrades  DPW Maintenance crew CIP budgets 
Stream Restoration  Environmental resources  Parks 
Redevelopment Credits Stormwater review staff Planning agency 
Reforestation Community forestry and 

Site planning agencies 
Parks, street trees, 
schools 

Street Sweeping DPW Maintenance Crew Street maintenance 
Urban Fertilizer Management MS4 Permit holder Cooperative Extension 
Septic Hookups/Upgrade Sanitarian wastewater Utility 
Illicit Discharge Elimination MS4 Permit holder Watershed groups 
Wetland/shoreline Restoration Local environmental 

agency 
Land conservancy 

 
6.2  Decide Whether to Develop your own Local Nutrient Load Model   
 
The team should review their local planning resources and decide whether or not to 
develop a local model to handle their local nutrient accounting (see Section 4). This 
decision is often based on whether a locality has existing watershed planning resources, 
such as detailed land use data, good GIS coverage, and an up-to-date stormwater BMP 
inventory. Some practical advice on the steps for developing a local nutrient model will 
be the subject of a future Technical Bulletin.  
 
The benefits of developing your own local nutrient load model are:  
 



Technical Bulletin No. 9 Stormwater Nutrient Accounting 
 

61 
 

 A better understanding of how future land use change will impact your baseline 
nutrient load as new development and redevelopment occurs.  
 

 A more precise characterization of the prevailing land use, land cover and land 
ownership in your community. 
 

 A better representation of the actual nutrient reduction achieved by your existing 
stormwater infrastructure, BMP inventory and local maintenance programs 
 

 The ability to forecast nutrient loads for multiple watersheds in your community, 
which can be very important if they are subject to additional pollutant reduction 
through local TMDLs.  
 

 A common platform to compare the nutrient reduction potential of different BMP 
credits.  
 

 A more consistent and compatible method to document, track, and verify the 
actual BMP credits that are implemented to the appropriate regional or state 
reporting agency. 
 

The drawbacks of creating a local nutrient loading model are that it may:  
 

 May not be fully compatible with the outputs of the CBWM or the inputs needed 
for BMP tracking and reporting to the state. 
  

 Require major upgrades to local GIS mapping systems or acquisition of new land 
cover data that is expensive. 
 

 Take three to six months of staff resources or consultant help to set up. 
 

 Divert resources to extended planning rather than immediate implementation 
 

 Not be needed if a community has a low nutrient allocation, has an existing 
delivery system to implement effective urban BMP credits, or plans to meet their 
nutrient allocations through wastewater upgrades or agricultural BMPs.    
 

6.3  Take Credit for Fertilizer Reductions on Urban Turf 
 
The most cost effective nutrient reduction strategy in any Bay community is to reduce or 
eliminate fertilization on urban turf. When less fertilizer is applied to lawns, it translates 
to lower nutrient loads washing off pervious areas in stormwater (and less need for 
downstream retrofits to capture and treat the polluted stormwater). As was noted in 
Section 5.3.9, the total nutrient reduction achieved through urban fertilizer 
management can be impressive. Communities can employ three basic strategies to 
reduce fertilizer applications: 
 



Technical Bulletin No. 9 Stormwater Nutrient Accounting 
 

62 
 

1. Automatic Credit for State-wide P Ban on Fertilizer 
2. Fertilizer Education on Privately Owned Turf  (Urban Nutrient Management) 
3. Fertilizer Restrictions on Publicly Owned Turf      

 
Team Homework 
 

 Check to see if your state has enacted a phosphorus ban for residential fertilizer. 
  

 Check your current nutrient management practices on municipally owned land, 
including schools, parks, and golf courses and landscaping areas, and estimate 
the number of acres that are currently fertilized.  
 

 Check to see which local agencies, stakeholder groups or adjacent communities 
are currently providing homeowner outreach and education on fertilizer use, or 
could perform this role in the future.  

 
Team Actions: 
 

 If your state has not yet enacted a P-ban on lawn fertilizer (DC, DE, PA, WV), 
then you may want to work with your state-wide stakeholders to propose 
legislation in the coming years to enact such a ban. If you are located in MD, VA 
or NY, you will get an automatic credit for phosphorus reduction in your baseline 
load allocation in the coming years. 

 

 Further work is needed to achieve nitrogen reductions through improved 
nutrient management on public land. The first priority is to focus on reducing 
fertilizer use on publicly owned land, which can comprise as much as 10 to 15% of 
the total turf cover across a community (CSN et al, 2008). Once existing public 
fertilization practices are known, it is relatively easy to modify existing local 
procurement, contracting and landscape maintenance policies to eliminate 
fertilization or require specific urban nutrient management practices, depending 
on how the public land is used (e.g., it may not be possible to eliminate fertilizer 
use on golf courses and athletic ball-fields). This approach should actually yield 
savings in many communities, depending on how many acres of public land are 
currently fertilized.  

 

 The third action is to decide whether to expand fertilizer reduction efforts on 
private land through increased homeowner education programs. The potential 
for significant nitrogen and phosphorus reductions from private turf, but it can 
be hard to verify the actual changes in homeowner fertilization behavior that can 
be attributed to the retail or wholesale education efforts over time. Developing 
effective nutrient education programs involves more than printing a few flyers or 
posting material on a website; considerable research and survey work is needed 
to define current fertilization behaviors and target neighborhoods or populations 
for intensive education. Guidance on designing and budgeting for an urban 
fertilization education program can be found in CWP (2004).    
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6.4  Take Credit for More Stringent Stormwater Redevelopment Requirements 
 
This strategy seeks to accelerate the adoption of more stringent stormwater 
requirements at redevelopment sites so that previously un-treated parts of the urban 
landscape can be incrementally treated by new LID practices. The new redevelopment 
stormwater requirements will roll out from 2009 to 2014, depending on which Bay state 
you are in. The roll out may possibly occur even later if there are significant 
grandfathering provisions or delays in getting local ordinances adopted and review 
policies in place.  
 
Team Homework:  
 

 Check with the economic development or planning office to see how much 
redevelopment activity is expected in the community over the next five to ten 
years to see if this is a viable strategy.  
 

 Check with the local stormwater review authority to find out the earliest date by 
which the new state redevelopment performance standards can be adopted 
locally. 
 

 Consider conducting a design charette to calculate the nutrient reduction impact 
on a proposed redevelopment project in the community.  
 

Actions: 
 

 Work with staff get the local stormwater ordinance and local design supplements 
ready as soon as possible.  

 

 Make sure to develop a local offset fee program so that redevelopment projects 
that cannot fully comply with the new performance standard can pay a fee to the 
locality to provide an equivalent amount of treatment elsewhere in the watershed. 
The offset fee option provides flexibility to promote redevelopment, at the same 
time it provides a revenue stream to support local retrofitting. More guidance on 
developing a local offset fee program can be found in CSN (2011). 

 

 Based on the future redevelopment forecasts, calculate the expected acres of 
impervious cover that could be subject to the new standards, and estimate the 
aggregate redevelopment credit, based on the rainfall capture volume and degree 
of runoff reduction achieved at typical redevelopment  sites.  

 

 The transition to a new redevelopment standard can be rocky, so be sure to invest 
in training on redevelopment practices and design techniques for both the private 
sector and local plan reviewers. The Chesapeake Bay Stormwater Training 
Partnership has developed extensive training resources which can be accessed at 
www.cbstp.org 

 

http://www.cbstp/
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 Work with the stormwater review agency to develop a tracking system for the 
aggregate nutrient credit achieved by individual redevelopment projects over 
time.  

 
6.5   Become an Early Adopter of New Stormwater Performance Standards 
 
Most Bay states are also making the transition to more stringent stormwater 
performance standards for new development projects. Localities have a strong incentive 
to accelerate the implementation of the new standards, as they often have the potential 
to achieve ―nutrient-neutrality‖, i.e., ensuring that the nutrient load from the site does 
not exceed the acceptable annual nutrient load for runoff. Sites that are designed under 
the old standards, on the other hand, will generally add to a localities baseline load, 
since they cannot achieve nutrient-neutrality (see Section 5.3.2). 
   
Each locality is on a different schedule to adopt the new performance standards, which 
reflects the state regulatory process, the need to adopt a local ordinance approval, deal 
with grandfathered projects and upgrade their plan review process. Consequently, most 
localities will end up with a mix of sites that have practices approved under the old or 
new standards between now and 2015. This mix of sites will complicate efforts to track 
the net change in nutrient loads from new development in most communities until the 
new standards are fully phased in. A further complication is that some new development 
projects may not be able to fully meet the new standards, due to physical constraints. 
 
Homework 
 

 Check with the land use planning office to get a forecast of future new 
development activity over the next five to ten years to determine whether land 
use change will have a material effect on the local baseline load. 
 

 Check with the local stormwater review authority to find out the earliest date by 
which the new state stormwater performance standards for new development can 
be adopted locally.  
 

 Adoption of a local ordinance is just the beginning of the implementation 
process, so consult with the stormwater review authority to see whether they 
need further training, stakeholder review, design supplements or enhancements 
to the review process to make for an earlier transition.  
 

Actions: 
 

 Develop a spreadsheet to track the acreage of new development treated by 
stormwater practices under the old and new performance standards, beginning in 
the baseline year of 2009. It is a good idea to link the spreadsheet to a GIS system 
so that each individual BMP or composite BMP can be tracked, inspected and 
maintained over time, using the new BMP reporting and verification procedures 
outlined in Section 5.3.2. 
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6.6  Take Credit for Community Reforestation 
 
Reforestation is a cost-effective nutrient reduction strategy, particularly when trees are 
planted in key locations in the watershed, such as stream buffers or forest filter strips. 
Most communities have experience with reforestation, and some have established forest 
canopy goals to green their community. Costs can be further reduced if the tree planting 
and maintenance is performed by volunteers.  
 
Homework  
 

 The watershed team should investigate which local agencies and partner groups 
are currently engaged in reforestation, including community forestry, parks, 
public works (street trees), local watershed groups, and soil conservation 
districts. 

 

 The team should also investigate which partner agencies can provide technical 
assistance, trees, volunteers and financial support to improve the delivery of 
reforestation projects.  

 

 The team should maintain records on the acreage of reforestation projects from 
2009 onward to maximize the nutrient credit. It should be noted that 
reforestation projects that are done to mitigate prior forest clearing are not 
eligible.   
 

 In more urban cities, the team should assess their current street tree program, 
and see whether shifting to greater use of expanded tree planters would result in 
a meaningful nutrient reduction credit (see section 5.3.7).  

 
Action Items:  
 

 The first priority for the team should be to focus on strategic reforestation 
projects on un-forested streams located on public land or within private stream 
buffer easements. The team may wish to take a stream walk and used the unified 
stream assessment method to identify candidate reforestation projects (CWP, 
2003). Extra nutrient credit is given if the reforested buffers are designed to treat 
runoff from adjacent impervious cover.   

 

 The second priority is to find areas suitable for forest filter strips on public land 
that can also treat runoff from buildings and parking lots. Minor grading may be 
needed to capture concentrated runoff before it reaches the forest filter strip. 
There are many good locations for reforestation on public land; please consult 
Cappiella et al (2005) for guidance on watershed forestry practices. 

 

 The third priority is to provide subsidies or incentives to reforest upland areas 
located on private land, or expand the urban street tree program in more urban 
cities.  
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 Most communities will need to develop new procedures to inspect and maintain 
reforestation projects over time so they actually grow into forest (and receive a 
nutrient removal credit). The requirements for long-term forest management and 
reforestation tracking are outlined in Section 5.3.7. 

 
6.7  Take Credit for Current and Future Stream Restoration Projects 
 
Qualifying stream restoration projects can achieve high nutrient reduction rates, as was 
shown in Section 5.3.5. Stream restoration is generally popular as it provides a visible 
benefit for the public, as well as a nutrient reduction benefit for the Chesapeake Bay.  
Recent data also indicates that stream restoration is cost competitive with pond retrofits 
when it comes to nutrient removal (CSN, 2011).   
   
Homework 
 

 Check with the local DPW and/or watershed restoration agency to determine 
whether any stream restoration projects have been installed in the past or are 
scheduled to be constructed in future capital budgets. Review the project designs  
to see if they meet the qualifying conditions for the stream restoration credit, as 
outlined in Section 5.3.5.  

 

 Many communities will find that many of their stream restoration projects may  
not qualify, particularly if they only involve bank armoring to protect public 
infrastructure from severe bank erosion. The team should scrutinize these 
projects to see if they can be redesigned in the future to provide more 
comprehensive stream restoration benefits, and thus qualify for the credit.  

 
Actions: 
 

 Communities may seek to take a watershed approach to find suitable locations 
for urban stream restoration. Schueler (2004) provides guidance on the methods 
used to find and design good stream restoration projects.  

 
6.8  Evaluate the Performance of Existing BMPs   
 
Many communities have been treating stormwater runoff quality for several decades 
and may have hundreds, if not thousands, of older stormwater BMPs. Most of them 
were designed to less stringent standards and design criteria, and their nutrient removal 
performance has declined due to poor installation, maintenance and age. These older 
BMPs are often unsightly, overgrown and a source of nuisance problems and citizen 
complaints.  
 
As noted in Section 5.3.4, these older elements of local stormwater infrastructure are 
excellent opportunities for maintenance makeovers to upgrade their nutrient removal 
capability. By retooling existing maintenance budget, communities can simultaneously 
eliminate eyesores and help clean up the Bay.  
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Homework 
 

 The watershed team should consult with DPW or the local stormwater review 
authority to learn the history of stormwater management in their community, 
understand the performance of the existing stormwater BMP inventory, and get 
to a better sense of the quality of past BMP and maintenance records. 

 

 The team should also investigate who owns and/or maintains the BMPs in the 
inventory. BMPs that are publicly owned or maintained are usually the best 
candidates for maintenance upgrades, although larger private facilities may also 
be suitable.   

 

 The team should also check to see if any of the older BMPs have been previously 
been reported to the state for purposes of tracking stormwater treatment in the 
context of the Bay model. This will seldom be the case in smaller communities, 
but some larger MS4 communities have been reported their BMP 
implementation in the last five or ten years.  

 

 BMPs that have not been reported yet to the state from any stormwater design 
era can be credited against the local baseline load. This is done by providing the 
drainage area served and the appropriate CBP-approved BMP removal rate 
provided in Section 5.2. 

 

 The team will need to make an early judgment call as to whether the nutrient 
removal performance of these un-reported BMPs should be discounted or 
eliminated altogether. This decision should be based on an objective assessment 
of the condition and maintenance of existing BMPs. A common assumption is to 
assume 30% of all BMPs installed prior to 1995 have failed or no longer perform 
as designed. The adjustment for these initial downgrades should be reflected in a 
modestly higher local WIP baseline load.  

 

 Lastly, the team should analyze the current operating or capital budget for 
stormwater maintenance to understand what is being expended and for what 
purpose. The current staffing levels for maintenance inspection and enforcement 
should be reviewed, as well. The team may choose to re-deploy budgets and 
staffing to perform the actions below:  

 
Actions: 
 

 The first priority is to consolidate all existing information on the existing BMP 
inventory for your community. This is primarily a desktop exercise to ensure 
paper and digital as-built files and maintenance records for all BMPs constructed 
prior to 2009 are entered into a common tracking database. Some field work may 
be needed to confirm the type, location and presumed nutrient removal rate for 
older BMPs. Some guidance on analyzing your BMP inventory is provided in 
Appendix A-9.  



Technical Bulletin No. 9 Stormwater Nutrient Accounting 
 

68 
 

 The next priority is to shift from routine maintenance inspections to assessments 
that look at the actual hydrologic and nutrient removal performance observed in 
the field. Based on these observations, the performance of older BMPs can be 
downgraded due to poor design, installation and maintenance, or loss of 
treatment capacity. These performance downgrades are then accounted for using 
the BMP coding methods described in Appendix A-4.  

 

 The final product is a list of older, down-graded BMPs that serve large drainage 
areas that are most suitable for maintenance makeovers, as described in Section 
5.3.4.  

 
6.9  Take the Credit for Enhanced Street Sweeping 
 
Surveys have shown that most large communities in the Bay routinely sweep a portion 
of their street system, but most do so only for safety or aesthetic reasons, rather than to 
improve water quality (Law, et al, 2008). Substantial nutrient reduction credits can be 
achieved simply by re-deploying some existing street sweeping assets to intensively 
sweep the dirtiest streets. 
 
Homework:  
 

 The watershed team should find out the current street sweeping effort from the 
DPW, including street routes, sweeping frequency, and existing sweeper 
technology, as well as the cost per street mile swept.  

 

 The team should identify the dirtiest urban streets in their community that are 
the best candidates for enhanced sweeping. Generally, these streets have a high 
average daily traffic volume and are located in commercial, industrial, central 
business district, or high intensity residential settings. Large municipal parking 
lots may also be good candidates. Most low density residential streets are not 
considered good candidates for enhanced street sweeping. 

 

 The team may also want to get some actual hopper measurements to determine 
key variables for the ―mass pick-up method‖ for nutrient removal (see section 
5.3.8). 

 

 The team can then calculate the likely nutrient removal associated with enhanced 
street sweeping for different combinations of streets, and see if the budget 
consequences are worth the increased effort.  

 
Actions: 
 

 The mass pickup method is generally recommended since it serves as a powerful 
incentive for sweeping crews and stormwater managers to maximize the mass of 
street solids and attached nutrients removed from the street.  
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 Over time, the community may want to upgrade their street sweeping technology, 
since newer regenerative vacuum sweeping models can nearly double the sweeper 
pick-up rate. 

 

 DPW will need to maintain better sweeping records, regardless of which method 
is used to define the mass nutrient removal rate. The reporting requirements 
needed to verify the sweeping credit are provided in Section 5.3.8.  

 
6.10  Investigate Septic Hookups and Upgrades 
 
A community can obtain nutrient removal credit for three septic system management 
practices: septic tank pump-outs, retrofitting existing septic systems with enhanced 
technology and hookups to the sanitary sewer system. This credit primarily applies to 
rural communities with low density residential development, although relict systems 
may still be found within the existing water and sewer envelope in more urban 
communities.    
 
Homework 
 

 The watershed team should consult with the local sanitarian or public health 
authority that reviews septic system applications and keeps records of septic 
system maintenance to better understand how many septic systems exist in the 
community, and what condition they are in.  

 

 The team may also want to consult with the local wastewater utility to see if there 
are clusters of septic systems that could be connected to the sanitary sewer 
system and thereby receive a higher level of wastewater treatment. 

 

 Some Bay states may offer financial support to retrofit septic systems and/or 
connect them to the sewer system. If these are available, the watershed team 
should try to maximize their use. The methods for determining and verifying the 
nutrient removal credit can be found in Section 5.3.  

 
6.11  Illicit Discharge Elimination 
 
This potential credit applies to cities with aging sewer and storm drain systems that are 
required to investigate illicit discharges as part of their MS4 permit, and measure 
nutrient indicators as part of their routine outfall screening effort.  
 
Homework 
 

 Check with the local agency responsible for your MS4 stormwater permit to 
understand past efforts to detect illicit discharges in your community   

 

 If dry weather water quality data is available for your streams, check to see if you 
have elevated dry weather concentrations of nitrogen (especially ammonia). 
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which is usually a sign that diluted sewage is being discharged from your storm 
drain system. 

 

 The methods for determining this potential credit can be found in Section 5.3.11. 
 
6.12 Investigate Stormwater Retrofits  
 
Stormwater retrofits will undoubtedly play a role in meeting nutrient reduction goals as 
part of the local WIP planning process. They have not been considered until now, 
however, because it can take several years to go through the process of finding, 
designing, permitting and construct major storage retrofit projects (Schueler, 2007), 
and many communities may not yet possess the experience to deliver the most cost 
effective ones. 
 
 CSN will be releasing a Technical Bulletin in early 2012 on maximizing nutrient 
reduction through stormwater retrofits, so this section provides some general advice to 
the watershed team on some early decisions to consider when thinking about retrofits, 
as well as the usual homework and action items.  
 
Advice:  
 

 Widespread stormwater retrofitting involves a major long-term local investment 
in planning, assessment and implementation. Methods to estimate budgets for 
finding, designing and building retrofits can be found in Schueler (2007).   

 

 Experience has shown that as much as 15 to 25% of untreated IC in suburban 
subwatershed can be treated by stormwater retrofits located on public land 
and/or privately owned BMPs. The feasibility of retrofitting, however, diminishes 
in more urban watersheds with a lot of impervious cover.  

 

 From a cost standpoint, it is advisable to look first for retrofits opportunities that 
serve a large drainage area and treat many acres of impervious cover. As a rule of 
thumb, large storage retrofits, such as BMP conversions or enhancements, are 
usually the most cost effective solution for reducing nutrients, followed closely by 
new BMP retrofits located in strategic places in the urban landscape.  

 

 Green street retrofits and on-site LID retrofits tend to be more expensive when it 
comes to removing nutrients, and they are usually only considered in highly 
urban watersheds with few other retrofit options.  

 
Homework:  
 

 The watershed team should check to see how much nutrient load remains after 
the previous nine urban BMP credits are assessed, to get a sense of how much 
retrofitting effort will be needed in the community.  
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 If there is still a significant load remaining, the community will need to undertake 
a systematic retrofit investigation to comprehensively evaluate all the potential 
retrofit opportunities in a community.  

 

 Communities that are close to meeting their nutrient allocation may only need to 
perform a more limited retrofit assessment that is confined to analysis of the 
existing BMP inventory to find enough BMP conversions or enhancements to 
meet their remaining load.   

 

 The team should investigate possibilities for long term retrofit financing and 
delivery, through a variety of mechanisms, including capital improvement 
budgets, revenues from stormwater offset fees and/or a stormwater utility, state 
and or federal demonstration grants, and stormwater maintenance budgets.  
 

 The team is also encouraged to explore innovative approaches to get retrofits 
implemented such as maintenance enforcement at privately-owned BMPs, street 
reconstruction projects, and piggy-back retrofits through other municipal 
construction projects. 

 

 The team should consult with their stormwater review agency to see if they 
possess the staff capability to do the retrofit analysis in house, or whether they 
will need to retain a consultant to perform the work. 

 
 The team may also want to check whether any existing local agencies and 

stormwater stakeholders is currently delivering on-site LID practices, or has the 
capacity to do so in the future. The delivery may be through subsidies, technical 
assistance, stormwater utility credits and other incentives to build LID retrofits 
on private land.   

  
Actions:  
 
Limited Retrofit Assessment: This approach utilizes the existing local stormwater 
maintenance inspection, tracking and enforcement authority to identify potential 
retrofits and/or major maintenance upgrades, and gradually construct them over time.  
 
The key element of this approach is to ―mine‖ your BMP inventory to find old detention 
and extended detention ponds or other BMPs that could be good candidates for cost 
effective retrofits or maintenance upgrades (see section 6.8). A typical practice is to 
screen for public and private stormwater BMPs that are more than ten years old and 
serve at least 10 acres of drainage area. 
 
DPW staff or consultants then conduct a field retrofit investigation of these priority 
BMPs as part of their routine stormwater  maintenance inspection program. The team 
then computes the expected nutrient removal for the most promising retrofit candidates 
using the methods outlined in section 5.3.1.  
 
 



Technical Bulletin No. 9 Stormwater Nutrient Accounting 
 

72 
 

Systematic Retrofit Investigation  
 
The desktop and field methods for conducting a more systematic retrofit investigation in 
a subwatershed are detailed in Schueler (2007). 
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Appendix A 
Detailed Notes on Technical Documentation 

Note: this section may be reorganized and expanded in the next version 
 
A-1 Derivation of Runoff Coefficients for Disturbed Soils  
  
The three runoff coefficients provided in Table 13 were derived from research by Pitt et 
al (2005),  Gregory et al (2004), Lichter and Lindsey (1994), Schueler (2001a), Schueler, 
(2001b), Legg et al (1996), Pitt et al  (1999), Schueler (1987) and Cappiella et al (2006). 
Numerous researchers have documented the impact of construction earthworks on the 
compaction of soils, as measured by an increase in bulk density, a decline in soil 
permeability, and an increase in the runoff coefficient. These areas of compacted 
pervious cover (lawn or turf) have a much greater hydrologic response to rainfall than 
forest or pasture.  The effect of earthworks and soil compaction nearly doubles the 
runoff coefficient from un-forested areas, as shown in Table 13).   

 
A.2 Derivation of Residential Lawn EMCs 
 
The EMC for residential land uses was split into two categories based on lawn care: high 
input and low input turf (HI and LO).  The EMCs represent the 25th and 75th percentile 
values in the National Stormwater Quality Database (Pitt et al, 2004), because the 
distribution of data from residential runoff is approximately a normal distribution.  Two 
estimates of fertilization are available for the area that range between 50% and 65% 
(Swann, 1999, Law et al, 2004).  Making assumptions about past lawn care education 
and stewardship efforts, it is recommended that the lower 50% rate be used (half of all 
residential turf cover is high input and the other half is low input). Consequently, the 
composite EMC for residential land in a watershed would still equate to the ALL value. 
 
 A.3 Local Example of a BMP Design Era Approach  
 
The following summarizes the basic BMP design era approach as applied in 
Montgomery County, MD (MCDEP, 2011). The initial classification of BMPs was 
performed based on an evaluation of the practice type, using a coding system shown in 
A-4. The relative performance of each practice type was based on national comparative 
reviews of pollutant removal and runoff reduction performance of practices (CWP, 
2007; and CWP and CSN, 2008) or performance studies on individual practices 
(Schueler, 1998).   
 
The second screen was based on the approval date for the BMP, which reflects the 
design era under which it designed and installed. Four broad design eras were defined, 
as follows:  
 

 Era 1: Pre-1986. BMPs installed prior to full implementation of the 
Maryland Stormwater law of 1984, which typically focused on detention and peak 
shaving. 
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 Era 2: 1986 to 2002. These practices reflect a design era where water 
quality was an important part of design, although water quality sizing and design 
standards were not as great. 

 Era 3: 2002 to 2009. These practices were built to the more stringent 
water quality and channel protection sizing requirements and BMP design 
standards contained in the 2000 edition of the Maryland Stormwater Manual 

 Era 4: 2010 and beyond. This era reflects implementation of ESD to the 
MEP in the County.  

 
A.4 The BMP Coding Approach  
 
A desktop coding system was used in MCDEP (2011) to assign a performance rate for 
individual BMPs, based on their design era and the BMP technology employed (Table A-
1).   
 
Code 0. Pretreatment Practices:  This class of BMPs includes pretreatment BMPs 
that were never intended to provide full pollutant removal or runoff reduction, but were 
used to protect the function of a downstream practice. Typically, these pretreatment 
BMPs were installed in commercial areas and have a small contributing drainage area. 
They are often designed based on rate of flow and not the full water quality volume. The 
most numerous practices in this class are oil grit separators that have been shown to 
have little or no pollutant removal (e.g., see Schueler, 1998).  This class also includes 
flow structures that split, redirect or dissipate flows, such as flow splitters, underground 
control structures, and plunge pools.   
 
Pretreatment practices and flow structures that are located upstream of  primary 
stormwater practices are not assumed to provide any additional runoff reduction, 
channel protection or flood control volume or produce any additional pollutant removal, 
which is be consistent with published studies of their performance. This class of BMPs  
is also considered to have low or no retrofit potential since most practices are 
undersized (relative to WQv), underground and located in densely developed areas 
where little or no surface area is available for retrofits. Consequently, Code 0 practices 
that are clearly pretreatment practices to another BMP are excluded from further 
desktop BMP analysis.  
 
Code 1: Non-performing: This class of BMPs primarily comprises structures built in 
Design Era 1 (Pre 1986) that intended to provide detention and peak discharge control, 
such as dry detention ponds,  dry extended detention pond and underground detention 
structures. In some cases, these structures were also built in other design eras, although 
there often was a water quality practice upstream. Research has shown that detention or 
extended detention alone provides low or marginal pollutant or runoff volume 
reduction. These detention BMPs typically serve larger drainage areas, and are ideal 
candidates for retrofits.   
 
Code 2: Under-performing: This class of BMPs includes various structures built 
primarily in Design Era 2 such infiltration basins that have no runoff reduction capacity 
(either by design or by clogging after construction), and low to moderate pollutant 
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removal capability, based on the National Pollutant Removal Database (2007 and 
earlier versions).  Generally speaking most of these practices have moderate to large 
drainage areas. Their current hydrologic performance may be diminished due to the 
limited design requirements of that era, their age and maintenance condition This class 
of BMPs has the significant  potential for ESD upgrades, traditional retrofits or 
maintenance upgrades.  The composite runoff reduction and pollutant removal rates are 
consistent with reported performance values in the NPRD (CWP, 2007) and the most 
recent runoff reduction values in CWP and CSN (2008).  
 
Code 3: Effective: This class includes a series of ponds with various combinations (or 
cells) of wet pools, extended detention, wetlands, sand filters and infiltration practices. 
The BMPs tend to have larger drainage area, Based on past performance research, this 
group is assumed to have limited runoff reduction capability, but moderate to high 
pollutant removal. In addition, most BMPs in this class also provide channel protection 
if they were built in Design Era 3.   
 
Code 4: ESD/LID Practices: This class includes the new ESD/LID practices that will 
be used in Design Era 4. It is currently populated with bioretention, dry swales, working 
infiltration and vegetated swales and other ESD/LID practices.  Most practices are 
applied to relatively small drainage areas.  This is the most effective class of BMPs in 
that it maximizes both runoff reduction and pollutant mass reduction.  To derive a 
composite estimate for runoff reduction and pollutant removal, we assumed the average 
reduction values for a group of six ESD/LID practices, as reported in CWP and CSN 
(2008) and Schueler (2009).  The approach is presented in Table 18 and 19, and 
assumes an equal split between Level 1 and Level 2 design used by VA DCR.  This is a 
reasonable split since the effectiveness of ESD practices differs based on soil type and 
design features.  
 
Table A-1: Example of Performance Coding Based on BMP Technology   

Performance Code  Example1  

Code 0: Pretreatment BMPs2  
Not intended to provide runoff reduction or 
significant pollutant removal  

Proprietary pretreatment practices, Oil/grit 
separator, Plunge pool,  vegetated pool  

Code 1: Non-performing BMPs  
Detention or other practices with no runoff 
reduction and no long term  pollutant removal  

Underground  detention vaults Pond-dry 
quantity control , dry ED ponds  

Code 2: Under-performing BMPs  
No runoff reduction and low pollutant removal  

Infiltration basin with extended detention, 
infiltration basin,    

Code 3: Effective BMPs  
No runoff reduction but moderate to high 
pollutant removal  

Wet ponds, Wet ED ponds  Sand filter, Pond-
wetland   

Code 4: ESD/LID BMPs 
High runoff reduction and moderate to high 
pollutant removal  

Dry swale, Bioretention  Infiltration trench, 
Green Roof, permeable paving  

Loosely adapted from MCDEP (2011)  
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Based on its code, each BMP was assigned a removal rate, runoff reduction rate and 
impervious acres effectively treated, by multiplying its baseline nutrient and sediment 
load for the drainage are it served by the rates shown in Table A-2 
 

Table A-2 Composite Runoff Reduction, Impervious Treated 
and Pollutant Removal by BMP Code (MCDEP, 2011) 

Code Description 
RR1 

(%) 
IAET2 (%) TSS (%) 

TN 
(%) 

TP 
(%) 

1 Non-performing 0 0.05 5 0 0 

2 Under-
performing 

5 0.15 20 5 5 

3 Effective 10 0.75 80 40 50 

4 ESD Practices 60 1.0 90 65 65 

RR: percent annual reduction in post development runoff volume for storms 
2 IAET: Fraction of contributing impervious acres effectively treated to the Water Quality 
Volume, and is multiplied by contributing impervious area to track IC acres treated in the 
watershed  

 
A-5 Dealing with Multiple BMPs within the Same Drainage Area 
 
In early testing, it was evident that two or more BMPs were often present within the 
same drainage area.  These situations are created for a number of reasons, including 
pretreatment practices prior to a stormwater treatment practice, the existence of a 
treatment train of multiple stormwater practices within a site, or a water quality practice 
located above a downstream channel protection or quantity control pond.  Multiple 
BMPs within the same drainage area are quite common, occurring in as many as 50% of 
all drainage areas within some  watersheds.  This situation complicates the BMP coding 
process, so MCDEP (2011) employed the following decision sequence was made. 
 

1. Where stand-alone Code 0 BMPs can be isolated in the GIS layer, they will be 
assigned a Code 2 pollutant removal rate for their contributing impervious 
drainage area. 

2. If multiple BMPs still exist in the DA, the BMP type with the higher code will be 
considered the primary BMP.  

3. The consultant team will perform an individual coding analysis for multiple 
BMPs found in DA exceeding 25 acres in size, using professional judgment, GIS 
and/or aerial photography to confirm the sequence of the treatment train, and 
determine the subset of drainage area that is treated by the highest coded BMP.  
In general, this will be done on an area-weighted basis. 
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A.6 Equivalence of Reforestation and Impervious Area Treated 
 
Some projects like reforestation and compost amendments cannot be quantified in 
terms of impervious acres treated.  The proposed solution for these projects is to 
consider them as equivalent impervious area, from a hydrologic standpoint using the 
compacted soil runoff coefficients presented in CWP (2009).  Under this approach, ten 
acres of these practices installed on pervious land would be hydrologically equivalent to 
one impervious acre treated, using the Runoff Coefficient Approach, shown below:  
 

The Rv for a one acre of impervious cover is 0.95 [Rv = 0.05 + 0.009 (100)] 
 
 Average Runoff Coefficient for Forest Cover, BCD soil types is 0.04 
   
Average Runoff Coefficient for Disturbed Soils, BCD soil types is 0.223 
 
Differential Runoff Coefficient of 0.183.  

 
Assume ESD measures (reforestation, compost amendments, etc) are capable of 
reducing the differential by half (0.091).  This is due to the fact that it takes many years 
for planted trees to achieve enough overhead canopy to function hydrologically as forest.  
Similarly, there is not enough data yet to show that compost amendments can shift 
disturbed soils fully to a forest cover runoff coefficient. 
 
Then, it would take ten acres of these ESD measures to be equivalent to one acre of 
impervious cover of runoff reduction: (10 acres)*(0.091) + 0.04 = 0.95  
 
Note: The effect of these ESD practices is different if they are used to boost runoff 
reduction by treating runoff from adjacent impervious areas (e.g., filter strip, grass 
channel, enhanced rooftop connection, etc).   
 
A-7 Derivation of Redevelopment Credits 
 
The following methods and technical assumptions were made to derive the nutrient 
credits for variable levels of stormwater treatment at redevelopment sites. 
 
Step 1: Compute Baseline Nutrient Load for Unit Acre of Impervious Cover.   
 
The Simple Method (Schueler, 1987) was used to compute annual nutrient loads, using 
standard assumptions for annual rainfall in the Bay watershed, and regional event mean 
concentration for nutrients.  The resulting annual stormwater load was computed to be 
2 and 15 lbs/acre/year for TP and TN, respectively.    
 
Step 2: Define the “Anchor” Reduction Rate for a Composite of Redevelopment 
Practice.  
 
An annual mass removal rate was computed using a composite of eight different 
preferred or acceptable redevelopment stormwater practices using the runoff reduction 
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data provided in CWP and CSN (2008). The practices included rain tanks, green roofs, 
permeable pavements, urban bioretention, bioretention, dry swales, sand filters, and 
impervious cover removal with soil amendments. The mass removal rates are specific to 
the treatment of one inch of rainfall in Virginia, and the Level 1 and 2 approach was 
used to distinguish between the amount of runoff reduction an individual design 
achieved (Lo or Hi, as defined in CWP and CSN, 2008). 
 
Step 3: Adjust the Anchor rate for Other Rainfall Depths Treated 
 
 The anchor rate was then adjusted for the 0.25, 0.50 and 0.75 inch rainfall depths, by 
estimating the untreated bypass volume from regional rainfall frequency curves, relative 
to the anchor rate (see Table A-3). For example, if the runoff from 0.25 inches of rainfall 
is treated, only 40% of the annual runoff volume would be treated (compared to 90% for 
the one inch event). The annual treatment volume was then used to define a lower 
nutrient reduction rate, based on the lower capture volume. The same basic approach 
was used to define maximum mass nutrient reduction rates for the 1.25 and 1.5 inch 
storm events.  

    
Table A-3  

Mass Removal Rates Based on Rainfall Treated and Runoff 
Reduction achieved 

Volumetric Criteria Mass Removal Rate  
    % 

Rainfall 
depth 
controlled 

Degree of 
runoff 
reduction 

Total 
Phosphorus 

Total  
Nitrogen 

0.25 LO 20 20 
HI 30 30 

0.50 LO 30 35 
HI 45 45 

0.75 LO 40 40 
HI 55 60 

1.0 LO 55 55 
HI 75 70 

1.25 LO 65 65 
HI 85 75 

1.50 LO 75 67 
HI 82 85 

2.0 LO 80 77 
HI 90 92 

2.5 LO 90 85 
HI 95 95 
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Step 4: Determine the Final Redevelopment Credit. 
 
 The baseline nutrient loads computed in Step 1 were than multiplied by the 
corresponding removal rate for each combination of runoff treatment and runoff 
reduction, as shown in Table A-3 to arrive at the recommended credits, as shown in 
Table A-4  
 

Table A-4 
Nutrient Reduction Credit for Different Combinations of 

Redevelopment Volumetric Criteria 
Volumetric Criteria Redevelopment Credit 

Lbs/imperious acre/year 
Rainfall 
depth 
controlled 

Degree of 
runoff 
reduction 

Total 
Phosphorus 

Total  
Nitrogen 

0.25 LO 0.4 3.0 
HI 0.6 4.5 

0.50 LO 0.6 5.1 
HI 0.9 6.8 

0.75 LO 0.8 6.3 
HI 1.1 8.9 

1.0 LO 1.1 8.4 
HI 1.5  10.5 

1.25 LO 1.33 9.9 
HI 1.7 11.3 

1.50 LO 1.5 10.1 
HI 1.75 12.7 

2.0 LO 1.6 11.5 
HI 1.8 13.5 

2.5 LO 1.8 12.8 
RR 1.9 13.9 

 
 

A-8 Derivation of “Nutrient Neutrality” for New Development Stormwater 
Standards for each Bay State and Maryland Example 
 
The recommended process for each state to define nutrient neutrality in the context of 
their new stormwater performance standards is as follows:   
 
Step 1: Analyze the target load reduction for your state using the Version 5.3.2 of the 
Chesapeake Bay Watershed Model (EPA, 2011) and sum up all the runoff-derived land 
sources of nutrient loading. These include runoff from forest, agricultural (excluding 
CAFOs) and urban and suburban land uses. Wastewater and CSO loads should be 
excluded from the calculation, since they are not runoff-related, as was atmospheric 
deposition over open waters of the Bay.    
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Step 2: Divide the total runoff-derived nutrient load and divide by the total acres of 
land within the Bay watershed for the state to obtain the acceptable annual nutrient 
load, in lbs/acre/year. 
 
Step 3: Compare these annual nutrient loadings against the sizing and LID technology 
standards inherent in your state stormwater performance standards. This is done by 
finding the expected annual nutrient load associated with your standard, using Table A-
5. The Table provides an estimate of the post development nutrient load under different 
combinations of the rainfall depth controlled and the degree of runoff reduction 
provided. Most Bay states are requiring a high degree of runoff reduction or LID 
practices in their new stormwater standards. 
 

Table A-5 
Post Development Nutrient Load for Different Combinations of 

Stormwater Volume Criteria 
Volumetric Criteria Post Development Load 

Lbs/imperious acre/year 
Rainfall 
Depth 
Controlled 

Degree of 
Runoff 
Reduction 

Total 
Phosphorus 

Total  
Nitrogen 

0.25 LO 1.6 12.0 
HI 1.4 10.5 

0.50 LO 1.4 9.9 
HI 1.1 8.2 

0.75 LO 1.2 8.7 
HI 0.9 6.1 

1.0 LO 0.9 6.6 
HI 0.5 4.5 

1.25 LO 0.7 5.1 
HI 0.3 3.7 

1.50 LO 0.5 4.9 
HI 0.25 2.3 

2.0 LO 0.4 3.5 
HI 0.2 1.5 

2.5 LO 0.2 2.2 
RR 0.1 1.1 

 
 
The proposed process is best illustrated by analyzing data for the State of Maryland.  
The primary source for the Maryland nutrient loadings from the Chesapeake Bay 
Watershed Model, as reported in MDE (2010), and reprised in Table A-6  
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Table A-6  TP Loads, By Land Based Sector in Maryland Bay TMDL 

Loading Sector  2009 Load  Target Load  

Million pounds per year  

Forest Runoff  0.35 0.35 

Urban and Suburban Runoff  0.67  0.44 

Agricultural Runoff  1.44 1.25 

ALL RUNOFF SOURCES 2.46 1.99 3  

Acceptable Load (lbs/acre)  0.56  0.34  

excludes CAFO portion of agricultural runoff 
Acreage: 5.866 million 
Wastewater sources excluded  

 
The acceptable P TP target load from the Bay TMDL from all land-based sources of 
phosphorus pollution is 1.99 million/lbs/yr. Land sources of phosphorus pollution 
included runoff from forest, agricultural (excluding CAFOs) and urban and suburban 
land uses. Wastewater and CSO loads were excluded from the calculation, since they are 
not runoff-related, as was atmospheric deposition over open waters of the Bay.    
 
The land-based TP target load was then divided by the total land area in Maryland’s 
portion of the Chesapeake Bay watershed (5.866 million acres) to arrive at an average 
per acre phosphorus load of 0.34 pounds per acre per year. The same analysis for 
nitrogen indicated that an average annual TN load of 4.44 lbs/acre/year. 
 
The next step is to compare these baseline loads to the expected load reductions as a 
result of full implementation of the ESD to MEP standards at a typical development site. 
These standards call for more than 2 inches of rainfall depth controlled and a high level 
of runoff reduction. Based on this analysis, it is evident that post development loads 
under these standards would be 0.2 lbs/ac/yr and 1.5 lbs/ac/year for TP and TN, 
respectively. Both of these loads are under the acceptable nutrient load calculated 
earlier, which suggests, in general, that standards would achieve nutrient neutrality, 
with respect to future stormwater discharges.  
 
There are several important provisos to this conclusion. First, the composite method is 
designed solely for the purpose of creating an aggregate, macro-level tracking for future 
new development that is fully treated under these standards. Other design tools provide 
more site-specific estimates of the phosphorus reduction achieved at individual 
development sites, such as the MD Critical Area phosphorus compliance spreadsheet 
(CSN, 2011) and the Virginia state-wide stormwater compliance spreadsheet (VA DCR, 
2011). 
 
Second, it is likely that a significant fraction of individual development projects may be 
unable to fully comply with higher state standards, either because they cannot meet the 
required rainfall capture volume and/or do not provide a high degree of runoff 
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reduction. In these circumstances, localities have two options. The first is to use Table 
21 or related phosphorus compliance spreadsheet to analyze each individual project, and 
then track the aggregate departure from the nutrient neutral threshold on an annual 
basis. The second option is to require the developer to get a nutrient offset or pay a fee 
in lieu to ensure an equivalent amount of nutrients are reduced elsewhere in the locality 
to cover the shortfall at the site. 
 
A-9 Desktop Methods to Analyze the Performance of your BMP Inventory 
 

Step 1: Check the individual BMP data in your inventory to make sure there is 
accurate information on their geographic location, drainage area, impervious 
cover treated, the year they were installed and BMP type.  
 
Step 2: Merge the inventory into your watershed GIS system so that you can 
spatially analyze the BMPs and confirm BMP drainage areas. 
 
Step 3: Exclude all code 0 BMPs from the analysis (see Appendix A-4) 
  
Step 4: Analyze the remaining BMPs and code their performance based on their 
installation date using the design era approach (Appendix A-3) and/or the 
performance coding approach outlined in Appendix A-4). 
 
Step 5: Use the GIS to determine if you have multiple BMPs in the same drainage 
area, and assign an overall performance code for the drainage area, using the 
methods outlined in Appendix A-5.  
 
Step 6: Identify all of the BMPs installed since the 2009 baseline year, and 
exclude them from the baseline analysis (make sure to take credit for these new 
BMPs in your reporting to your state BMP tracking agency.  
 
Step 7: Adjust the remaining baseline load by deducting the cumulative nutrient 
removal achieved by the BMP installed prior to 2009, using a spreadsheet or 
modeling tool such as WTM. 

 
Step 8: If your locality does not have a strong maintenance inspection and 
enforcement program, you may want to discount the  cumulative  load reduction 
by 20 or 30% so that you can take advantage of maintenance upgrade and BMP 
retrofit enhancement credits in the future. 

 
A.10 Land Use/Land Cover Splits  
 
It is often important to convert land use data into its land cover components. Table A-7 
presents the recommended splits for defining the three types of land cover within a land 
use. The impervious cover values were directly measured from GIS data and aerial 
photography from jurisdictions across the Chesapeake Bay in MD, PA, and VA 
(Cappiella and Brown, 2001).  An adjustment was made for the institutional category, 
where it was split into two categories, intensive and extensive. The intensive category 
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includes churches, schools and municipal facilities, as reported in Cappiella and Brown 
(2001). The extensive category includes greener institutional areas, such as park, 
cemeteries and golf courses.   
 
Average forest cover was derived for each land use based on the estimated forest cover 
coefficients in Cappiella, et. al.(2005). These estimates are not directly measured, but 
are consistent with forest cover (not canopy) measurements from urban forestry 
models. Turf cover was obtained by subtraction from the total acreage after impervious 
cover and forest cover were added together, but represents a mix of pervious surfaces 
including turf, meadow, and fields.   
 
Table A-7 Recommended Splits for Land Cover within Land Use Categories  

LAND USE  1 Impervious Cover Forest Cover Turf Cover 

Low Density Residential  12.5 8.5 79.0 

Medium Density Residential  24.5 15.0 60.5 

High Density Residential  36.8 15.2 48.0 

Multifamily Residential  44.4 14.6 41.0 

Commercial  72.2 14.8 13.0 

Industrial  53.4 14.6 32.0 

Roadway  90 7.0 3.0 

Intensive  
Muni/Institutional 

35.2 13.8 51.0 

Extensive Muni/Instit  8.6 36.4 55.0 

1 see Cappiella and Brown for land use definitions 

 


