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Summary of Panel Recommendations 
 
At the outset, the Panel coined the term "Nutrient Discharges" to refer to the complex 
range of non-stormwater flows that export nutrients and other pollutants into urban 
receiving waters during dry weather conditions due to spills, leaks, and overflows from 
grey infrastructure.  These discharges are created by the interaction of pollutant 
generating activities/sources with aging grey infrastructure (sanitary sewers, drinking 
water pipes and storm sewers) via stormwater runoff and groundwater migration.  
 
Many nutrient discharges from grey infrastructure are regulated under MS4 permit 
requirements for illicit discharge detection and elimination (IDDE) and NPDES 
wastewater permit requirements to abate sanitary sewer overflows (SSO). More than 
1,000 communities across the Bay watershed are now subject to one or both permits, 
but to date, most have not utilized their programs to specifically focus on potential 
nutrient reductions.  
 
Nutrient discharges from grey infrastructure are not explicitly simulated in the current 
version of the Chesapeake Bay Watershed Model (CBWM), and no pollutant reduction 
credits are currently available to states and localities that invest in finding and 
eliminating them. 
 
The Panel reviewed 15 different types of nutrient discharges from grey urban 
infrastructure, and concluded that they collectively can contribute a significant portion 
of the dry weather nutrient loads in urban watersheds, although their share of the total 
load is extremely variable in both space and time. The Panel reasoned that nutrient 
reduction credits could be assigned when certain types of individual discharges are 
permanently eliminated, as confirmed by actual monitoring data.  
 
The Panel evaluated the 15 different infrastructure-related nutrient discharges against 
five technical criteria to determine whether they were eligible for potential nutrient 
reduction credit should they be permanently eliminated. The following eight discharge 
types were recommended for an annual nutrient reduction credit, based on empirical 
measurement or calculations of the unique nutrient concentration, flow rate and 
discharge duration over the year.    
 

1. Laundry Washwater 
2. Commercial Car Washing 
3. Floor Drains 
4. Miscellaneous High Nutrient Non-Sanitary Discharges 
5. Sanitary Direct Connections 
6. Sewage Pipe Exfiltration 
7. Drinking Water Transmission Loss 
8. Dry Weather Sanitary Sewer Overflows 
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Seven other types of nutrient discharges either could not meet the five technical 
eligibility criteria, or were already been addressed by the Wastewater Work Group or 
will be addressed by a future expert panel. Consequently, the Panel concluded that the 
following discharges were not eligible for nutrient reduction credit at this time:  
 

1. Unexpected nutrient discharges from pipe breaks, spills, leaks and overflows that 
are reported to the local authority by the public or first responders and require 
immediate emergency repairs to stop the discharge.   

2. Residential car washing 
3. Selected transitory illicit discharges associated with power-washing, dumpster 

juice, transport accidents, and illegal sewage disposal by boats, recreational 
vehicles and transients. 

4. Catastrophic wet weather sanitary sewer overflows that exceed the sewer design 
capacity  

5. Combined Sewer Overflows (other procedures for estimating nutrient reductions 
associated with CSO abatement already exist)   

6. Septic field discharges caused by system failure (subject of existing WWG expert 
panel)  

7. Chronic Wet Weather Sanitary Sewer Overflows (recommends a new expert panel 
be launched in the future to assess them in their own right). 

 
After reviewing the available science, the Panel concluded that nutrient discharges from 
grey infrastructure could collectively account for as much as 20 to 40% of the dry 
weather nutrient load in urban watersheds, depending on the age and condition of its 
grey infrastructure. Given the site-specific nature of these discharges, however, the 
Panel could not estimate the relative contribution of the many different individual 
nutrient discharges that produce the loads.  
 
Option 1: Credit for Advanced MS4 Nutrient Discovery Program (Version 
5.3.2 of Watershed Model). 
 
The Panel recommended that a credit be granted to localities that shift to a more 
nutrient-targeted approach to upgrading their grey infrastructure. This involves 
shifting their local IDDE programs away from traditional visual outfall screening 
methods and towards more targeted nutrient screening and discovery methods, and 
meet several numeric metrics for program performance). The Panel recommended  a 
phased approach whereby the  credit would be granted in the Phase 5.3.2 Model for 
localities that go above and beyond the following minimum requirements set forth 
under the MS4 permit, as specifically defined in Table 7 of the report. No credit is 
granted to localities that are merely meeting the minimum MS4 permit requirements 
for an IDDE program (see Table 6).     
 
The Panel defined the annual credit as being equivalent to a maximum of 1% of the 
dry weather nutrient load within the jurisdiction, which is defined as 20% of the total 
annual N and P load discharged from the urban pervious land in which advanced 
nutrient reduction programs are targeted. Credit is contingent on documentation that 
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they possess advanced program elements to target, screen, detect and correct the 
nutrient discharges with the highest nutrient loading risks. The program credit 
extends for up to 5 years, at which time the  community is encouraged to report load 
reductions based on the elimination of  individual nutrient discharges (Option 2).  
 
Option 2: Credit for Elimination of Individual Nutrient Discharges (Version 
6.0 of Watershed Model). 
 
In the future, the Panel concluded the most accurate approach to calculating nutrient 
reduction credits should be  based on an empirical monitoring approach for each eligible 
individual discharge. The guiding principle was that elimination of a discovered nutrient 
discharge could only be considered an urban BMP, if they: 
 

 Are detected and physically eliminated.  

 On-site sampling of the discharge that has been eliminated to define one or 
more of the following parameters -- nutrient concentration, flow rate and 
duration.  

 Subsequent inspections and/or monitoring verify or otherwise confirm that 
discharge no longer exists 

 
Toward this end, the Panel created three conservative computational protocols which 
can be used to estimate the annual nutrient reduction associated with the confirmed 
elimination of an eligible nutrient discharge.  
  
In general, the specific protocol that is applied depends on the type of nutrient discharge 
that is eliminated and where in the storm drain or stream network in which it will be 
measured. The Panel also prepared a short profile sheet that describes each type of 
eligible nutrient discharge, the unique crediting approach for when the discharge is 
prevented or eliminated, as well as a design example to demonstrate how the credit is 
calculated (see Appendix A) .  
 
Wet Weather Overflows. The Panel concluded that nutrient discharges from grey 
infrastructure could also be a significant source of loads in urban watersheds during wet 
weather, although their presence is masked and diluted by the billions of gallons of 
stormwater runoff during these conditions. The Panel concluded that grey infrastructure 
discharges could account for 1 to 2% of the total urban wet weather load, particularly 
during intense or extreme storms. However due to legal and technical concerns raised 
by the state and federal regulators (see Appendix C), the Panel agreed to withdraw its 
recommendation to credit wet weather SSOs until a new expert panel is launched to 
assess these concerns.       
 
 Verification Issues: The basis for verifying the removal of nutrient discharges from 
grey infrastructure is different than other urban BMPs in that a discharge is being 
prevented rather than treated. Therefore, the Panel elected to require post-removal 
inspections, outfall and/or dry weather sampling to confirm that the individual 



Final Expert Panel Report on Removal Rates for the Elimination of 
Discovered Nutrient Discharges from Grey Infrastructure 

 

7 
 

discharge does not re-occur again.  The Panel also outlined what localities need to 
submit to the state to get credit for nutrient reduction, and the records they must 
maintain to keep the credit.   
  
Modeling and Monitoring: The Panel did not  propose any specific refinements to 
the next phase of the CBWM, given how difficult it is to simulate the processes that 
create nutrient discharges, but did agree that the collective nutrient load generated by 
the range of dry weather nutrient discharges is a substantial part of the urban load, and 
should be properly simulated as a load produced within the urban stream corridor, 
rather than upland impervious or pervious urban land.   
 
The Panel recommends that the Bay Program establish a nutrient discharge 
fingerprinting database. The database would consist of the nutrient concentrations, flow 
rates, and flow durations for each nutrient discharge type in the watershed, as they are 
submitted for credit. Analysis of this database should provide valuable information to 
IDDE and SSO managers, better predictive tools in the future and inform future default 
values for crediting. 
 
Training and Outreach. The Panel acknowledges that the shift to a more nutrient-
based approach for discovering and eliminating discharges will require more intensive 
training and outreach and more refined outfall monitoring protocols. Both programs 
also should continue to prevent leaks and spills of bacteria and other pollutants to the 
streams and rivers of the Chesapeake Bay, which would provide an additional public 
health benefit.  
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Section 1 
Charge and Membership of the Panel 

 
 

EXPERT BMP REVIEW PANEL Grey Infrastructure Upgrades 
Panelist Affiliation 
Marianne Walch Delaware Department of Transportation 
Megan Brosh Baltimore County Department of Environmental Protection 

and Sustainability 
Lori Lilly Independent Consultant 

Jenny Tribo Hampton Roads Planning District Commission 
June Whitehurst  City of Norfolk, VA 

Barbara Brumbaugh  City of Chesapeake, VA 
Diana Handy   Arlington County Department of Environmental Services 
Mark Hoskins  Dewberry, VA 
Kevin Utt  City of Fredericksburg, VA 
Bob Pitt  University of Alabama 
Tanya Spano  Metropolitan Washington Council of Governments 
Whitney Katchmark Hampton Roads Planning District Commission 
Tom Schueler 
Cecilia Lane 

Chesapeake Stormwater Network (facilitators) 

The Panel would like to acknowledge the following additional people for their 
contributions: Norm Goulet, Chair Urban Stormwater Workgroup  
Gary Shenk, U.S. Environmental Protection Agency, Chesapeake Bay Program Office  
Bill Stack, Center for Watershed Protection, Jeremy Hanson, Chesapeake Research 
Consortium  

 
 
The initial charge of the Panel was to review all of the available science on the load 
generated by nutrient discharges from grey infrastructure (water, sewer and storm drain 
systems).   
 
The Panel was specifically requested to:  
 

 Make recommendations on how to better incorporate nutrient loadings from 
illicit discharges and sanitary sewer overflows into the urban land component of 
the Chesapeake Bay Watershed Model.  

 

 Review available literature on the nutrient loading rates associated with grey 
infrastructure and the effect of measures to physically eliminate them. 

 

 Provide a specific definition of what constitutes an illicit discharge and outline 
the qualifying conditions under which a locality can receive a nutrient reduction 
credit for eliminating it. The Panel may wish to define a nutrient monitoring 
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protocol to determine the magnitude of the discharge and confirm that it has 
been actually eliminated.  

 

 Define the proper units that local governments will use to report eliminated 
discharges to the state for inclusion into future CBWM progress runs, as well as 
verification procedures. 

 

 Provide guidance to MS4 communities on improved stormwater outfall screening 
protocols to detect nutrient-laden discharges. 

 

 Although bacteria is not specifically managed in the context of the Bay TMDL, the 
Panel was requested to determine if a protocol for bacteria reductions associated 
with Illicit Discharge Detection and Elimination programs (IDDE) is feasible in 
order to meet local bacteria TMDLs 
 

 The Panel may also look at other sources of nutrients that enter the storm drain 
system during dry and wet weather and make appropriate recommendations, as 
warranted by the available research. 

 
Beyond this specific charge, the Panel was asked to:  

 

 Recommend procedures to report, track and verify that infrastructure discharges 
are actually being prevented or eliminated.  

 

 Critically analyze any unintended consequences associated with the nutrient 
discharge credit and any potential for double or over-counting of the credit  
 

While conducting its review, the Panel followed the procedures and process outlined in 
the WQGIT BMP review protocol (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 
Chesapeake Bay Program (CBP) management committees, to ensure they are accurate 
and consistent with the Chesapeake Bay Watershed Model (CBWM) framework.  
 
Appendix B documents the process by which the expert Panel reached consensus, in the 
form of a series meeting minutes that summarize their deliberations. Appendix D  shows 
how the panel conformed to the requirements of the urban BMP review protocol. 
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Section 2 
Definitions Used in the Report 

 
The analysis of grey infrastructure draws from a lot of complex terminology drawn from 
stormwater and wastewater engineering fields, as well as many water quality and public 
health regulations. To aid the reader, the Panel agreed on the following definitions that 
are used in this report.  
 

Capacity, Management, Operation and Maintenance Programs (CMOM): A 
management system whereby wastewater utilities plan and manage how they can 
improve the performance and longevity of their sewage collection and pipe 
network assets. 
 
Catchment: The land area (in acres) served by a storm drain system prior to its 
outfall. 
 
Confirmation Inspection (CI): a field inspection that confirms whether a nutrient 
discharge has been effectively fixed or eliminated.  
 
Confirmation Screening: Periodic outfall or stream sampling/screening for 
several years after a discharge has been eliminated to verify the discharge does 
not reoccur. The type and frequency of screening depends on the individual 
discharge type. 
 
Consent Decree: A comprehensive multi-year construction plan by a community 
to invest in upgrades to its sewer collection infrastructure to reduce the volume 
and frequency of overflows, with a current emphasis on wet weather flows. EPA 
and/or the state wastewater regulatory agency establish the specific requirements 
of each consent decree.   
 
Cross-Connection:  A sewer pipe that is improperly connected to the storm drain 
system produces a continuous or intermittent discharge of raw sewage to the pipe. 
 
Direct Connection: A sewer pipe or septic drain pipe that is directly connected to 
an open channel or stream corridor, usually involving small pipe diameters with 
continuous or intermittent flow.  
 
Discharge Discovery Method: A series of field methods that are used to find, 
isolate and measure nutrient discharges from grey infrastructure.  Several unique 
detection methods apply to each discharge type which are described in Section 5.  
 
Discharge Elimination Practice: Refers to the specific practices that are 
implemented to prevent or eliminate a nutrient discharge from urban pipe 
infrastructure.  
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Discharge Type: One of eight nutrient discharges that are eligible for nutrient 
removal credit when they are effectively prevented or eliminated. 
 
Discovered Nutrient Discharge: An existing nutrient discharge that is found 
through systematic assessment of  a catchment, sewershed or stream corridor by 
the designated MS4 permittee or local sewer utility, using the screening, tracing 
and analysis methods described in this report. Nutrient discharges that are 
discovered using these methods may be eligible for a credit if they lead to the 
prevention or elimination of the discharge. 
 
Drinking Water Transmission Loss: The loss of water through the drinking 
water pipe network as it moves from the producer to the user. 
 
Dry Weather Nutrient Loads: The proportion of the annual nutrient load from 
urban watersheds that is delivered when it is not raining.     
 
Dry Weather Sanitary Sewer Overflows (SSOs): Sewage overflows that occur 
when sewer pipes become blocked or obstructed by roots, solids or fats, oil and 
grease. Sewer lines are often designed to surcharge through the manhole during 
these events so as to prevent the sewage from backing up into residential 
basements. 
 
Dry Weather Stream Monitoring: Sampling of nutrient and bacteria in urban 
streams to isolate catchments with a high risk of nutrient discharge. Also, may be 
used in some catchments and sewersheds to confirm and verify that the 
discharges have been effectively eliminated. 
 
Pipe or Infrastructure Failure: Complete cessation of pipe or infrastructure 
design function that causes non-stormwater flows to be discharged into the storm 
drain system or directly into the stream. Examples include sewer or water pipe 
breaks associated with extreme weather, intense storms or aging infrastructure. 
 
Fats, Oil and Grease (FOG) Reduction Program: A pre-treatment program to 
prevent businesses from discharging these materials into the sewage collection 
system, which are known to cause pipe blockages and dry weather sanitary sewer 
overflows.    
 
Illicit Discharge: Any non-stormwater discharge of pollutants to a municipal 
separate storm sewer system (MS4), except for discharges resulting from fire-
fighting activities and other authorized non-stormwater discharges specified in 
the NPDES permits. 
 
Illicit Discharge Detection and Elimination (IDDE): A local program to detect 
and eliminate illicit discharges from the storm drain system. IDDE programs are 
mandated as one of the six minimum stormwater management measures that 
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must be addressed by communities regulated under Phase 1 or Phase 2 MS4 
NPDES stormwater permits. 
 
Inflow and Infiltration (I/I): Inflow refers to the entry of runoff to the sewage 
collection system during storm events, whereas infiltration refers the movement 
of groundwater into the sewer pipe system through cracks and joints. Together, 
these two processes dilute the sewage concentrations in the affected pipe, and 
may also cause wet weather SSOs to occur.  
 
Minimum Control Measures (MCM): Six minimum requirements that operators 
of regulated small MS4s must incorporate into stormwater management 
programs.   
 
MS4 Permittee: The local entity responsible for complying with their municipal 
separate storm sewer system (MS4) NPDES permit. 
 
Outfall Screening Method: A method that uses water quality indicators to 
determine the source and severity of contamination of dry weather flows in storm 
drain system. The best known is the Flow Chart Method (p. 130-133 in Brown et 
al, 2004), which uses the relative concentrations of ammonia, boron, potassium 
and fluoride in an outfall water sample to establish the likely source of 
contamination. 
 
Overflow Tracking: Method for estimating the frequency, volume and duration 
of sewage overflows within a defined sewershed. 
 
Pipe Defects: Deficiencies in pipes that create structural defects such as cracks, 
fractures, breaks, deformations, faulty alignment, open joints, that can lead to 
underground nutrient discharges.  
 
Reported Nutrient Discharge: Unexpected discharges from pipe breaks, spills, 
leaks and overflows that are reported to the local authority by the public or first 
responders and require immediate emergency repairs to stop the discharge. Most 
of these involve sudden pipe and/or infrastructure failure that is easily observed. 
Reported nutrient discharges are generally NOT eligible for nutrient reduction 
credits because they would not have been part of the baseline load.  
 
Sewer Exfiltration: The process that occurs when pipes are located above the 
water table and sewage leaks through pipe joints and cracks and migrates into 
adjacent storm drain pipes or into shallow groundwater.  
 
Sewershed: The land area (in acres) effectively served by the sanitary sewer 
network to a defined study point. In some cases, the sewershed and catchment 
are the same since both pipes rely on gravity. In other cases, the sewershed relies 
on pumping stations to effectively move sewage through the network. 
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Wet Weather Nutrient Loads: The fraction of the annual nutrient load from an 
urban watershed that is delivered when it rains, primarily from stormwater 
runoff but also including any wet weather sewage overflows. These discharges are 
not currently eligible for a nutrient reduction credit. 
 
Wet Weather Sanitary Sewer Overflows: When groundwater infiltration and 
stormwater inflow enter sewer pipes and the excess water overwhelms the 
sewer's capacity to handle sewage, causing overflows at manholes and other 
points in the sewer system. 

 
Section 3 

Background on Nutrient Discharges from Grey Infrastructure   
 

3.1  Our Leaky Grey Infrastructure 
 
In the context of this report, "grey infrastructure" is defined as the underground 
network of sewer, water and storm drain pipes that serve a community. Most cities and 
counties in the Bay watershed maintain thousands of miles of pipes to move drinking 
water, sewage and stormwater runoff to where it needs to go. Many segments of this 
urban infrastructure are aging and are prone to leakage and overflows. Therefore, what 
goes into the pipe network doesn't always come out the other end. Multiple lines of 
evidence show that all three kinds of grey infrastructure are quite leaky, and their flows 
often commingle together and migrate to urban streams. 
 
There are many complex interactions among the three kinds of infrastructure, as they 
are heavily influenced by local groundwater and storm runoff. Under certain conditions, 
they can interact together to produce high nutrient discharges to local streams, and are 
believed to be responsible for the high nitrogen loads observed during dry weather in 
urban watersheds. Communities that invest in strategic upgrades to reduce or eliminate 
nutrient discharges from their infrastructure are eligible for nutrient reduction credits 
in the Chesapeake Bay Watershed Model.  This section describes the complex technical 
and regulatory background on how nutrient discharges from grey infrastructure are 
managed in the Bay states, as well as how they are represented in the context of the 
CBWM.  
 

3.2  Illicit Discharges to the Storm Drain System 
 
Illicit discharges occur when non-stormwater flows end up in the storm drain system. 
Discharges can enter the storm sewer through direct entry in the case of sewer pipes 
and other pipes that are illegally connected to a storm sewer, or indirect entry where 
flow enters the storm drain system through inlets or leaks/cracks within storm drain 
pipes (Brown et al, 2004). Illicit discharges that flow directly into the storm drain 
system via a straight pipe have measurable concentration and flow associated with 
them. Examples of these kinds of discharges include floor drains, direct connections 
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from residential or commercial laundry facilities and other straight pipe discharges (See 
Figure 1).  
 
Illicit discharges comprise a wide range of flow types with variable nutrient 
concentrations, flow and modes of entry into the storm drain system. Not all dry 
weather flows in the storm drain system contain pollutants. Many are caused by 
groundwater seepage into the storm drain pipes. Various outfall screening methods are 
available to isolate the storm drain flows that contain sewage and other pollutants, and 
trace them back to their source (Brown et al, 2004). As one example, over three hundred 
stormwater outfalls were tested in two urban watersheds in Maryland, and non-
stormwater flows were detected during dry weather in more than a third of all outfalls  
(Lilly et al, 2012). They also observed indicators of the presence of sewage in half of the 
outfalls with non-stormwater flows.  
 

 
 

Figure 1. Residential sanitary pipe incorrectly connected to the storm drain system (Photo 
credit: Kent Count, Michigan, 

http://www.accesskent.com/Departments/DrainCommissioner/stormwater.htm)  

 

 
3.3  Regulatory Background on Illicit Discharges 
 
Non-stormwater discharges to the storm drain system are regulated under the 
minimum control measures (MCM) prescribed for illicit discharge elimination by the 
state stormwater agency.  MS4 NPDES stormwater permits prescribe that communities 
must develop and maintain a program to control these discharges by implementing the 
following minimum control measures for illicit discharge detection and elimination 
(IDDE): 
 

 Adopt and enforce a local ordinance to prohibit illicit discharges to the MS4 
storm drain system.  

 Create a map and inventory of their storm drain system, including all outfalls 
greater than 36 inches in diameter. 

 Screen outfalls in the field to isolate illicit discharges in every MS4 permit cycle. 

http://www.accesskent.com/Departments/DrainCommissioner/stormwater.htm
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 Educate public employees, businesses and the general public about the hazards of 
illicit discharges. 

 Establish a hotline or other method so residents can report illicit discharges.  

 Implement the most effective detection and elimination practices to find, fix and 
control illicit discharges, and set measurable goals during each permit cycle.    

 
More information on components of an effective local IDDE program can be found in 
Brown et al (2004). Over a thousand communities in the Bay watershed are required to 
administer an IDDE program under their MS4 permit, although the quality and 
effectiveness varies widely from community to community.  
 
Most MS4 communities in the Bay watershed use visual indicators to screen their 
stormwater outfalls to detect illicit discharges, although several states are now requiring 
Phase 1 permittees to conduct water quality monitoring at suspect outfalls. MS4 
communities currently do not get any nutrient reduction credit if they actually eliminate 
a real illicit discharge in their watershed. 
 

3.4  Sewer Exfiltration and Overflows  
 
Sewer pipes are not designed to be water tight. Sewer design sets a standard for 
allowable leakage during construction, which averages 125 gallons per 400 feet of pipe, 
which is the standard distance between sewer manholes (ASTM, 2009), or about 1,650 
gallons per mile of standard sewer pipe. Sewer pipes become leakier over time as cracks 
occur and pipe joints expand.   
 
Most of the measurements of sewer exfiltration rates have been conducted in Europe, 
Australia and the West Coast.  The rates are quite variable and span three orders of 
magnitude. Ellis et al (2008) summarized typical exfiltration rates ranging from about 
350 to 7,250 gallons of sewage per day per mile of sewer pipe (assuming the standard 6 
to 8 inch diameter pipe). The variability in exfiltration is strongly influenced by the 
dynamic evolution and decay of a biofilm layer on the outside of the sewer pipe.   
 
Even sewers that do not exfiltrate are influenced by groundwater infiltration and 
stormwater inflow into the sewer pipe system (known as infiltration and inflow). The 
excess water can overwhelm the sewer's capacity to handle sewage, leading to overflows 
at manholes and other points in the sewer system. These are known as wet weather 
sanitary sewer overflows (SSOs). According to a recent study by Vallabhaneni and Miles 
(2008), about 4% of the rainfall in an average storm over a typical urban sewershed 
flows into its sewer pipes, rising to nearly 30% during extreme storm events. 
 
This excess flow, referred to as inflow and infiltration (I/I), causes capacity issues within 
the conveyance system and often leads to unanticipated overflows of sewage (Figure 2). 
Aging pipe infrastructure in many communities causes chronic I/I problems during 
storm events. 
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During large storm events, sanitary sewers are typically designed to discharge excess 
flow into waterways through “structural overflows” or surcharged manholes to prevent 
sewage from backing up into basements through business or household lateral 
connections. Wastewater flows fluctuate on diurnal, weekend/weekday, and seasonal 
cycles. Further, I/I problems increase in sewer systems as a result of large storms or 
extended wet weather periods which elevate the groundwater table. The large volume of 
I/I diminishes the nutrient concentrations during wet weather SSOs by as much as 75% 
(EPA, 2004).  
 
 
 

 
Figure 2. Example of inflow and infiltration pathways. (Photo credit: City of Bryan, Texas) 

 
Dry weather sanitary sewer overflows (SSOs) occur when sewer pipes become blocked 
or obstructed by roots, solids or fats, oil and grease. Sewer lines are intentionally 
designed to surcharge through the manhole when these back-ups occur to prevent the 
sewage from backing up into residential basements. Since sewer lines generally rely on 
gravity flow, they are often located in the urban stream corridor.  
 
When these dry weather sanitary sewer overflows occur, they can quickly deliver un-
diluted sewage into the stream. Because dry weather SSOs are less influenced by I/I, the 
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nutrient and bacteria concentration from these discharges are comparable to the 
influent concentrations at wastewater treatment plants (EPA, 2004).  

 
3.5  Regulatory Background on Sanitary Sewer Overflows 
 
Wastewater utilities are subject to NPDES permits that essentially prohibit the 
discharge of raw sewage from their collection and treatment system. While Bay states 
are all sharply increasing the nutrient reduction achieved at their wastewater treatment 
plants, there has been less emphasis in reducing nutrient losses from the sewage 
collection system.  
 
Wastewater utilities must report any sewage spills and overflows that occur in their 
collection system to their state NPDES agency, including an estimate of the flow volume, 
the duration of the event and evidence that the problem has been corrected (EPA, 
2004). Based on these reports, the State NPDES agency will frequently impose a fine. If 
a community experiences frequent system-wide overflow problems, they are often 
required to upgrade their sewage infrastructure in what is known as a consent decree.  
 
Nearly all of the larger communities in the Bay watershed are now subject to consent 
decrees which require major long-range investments in sewer repair, replacement and 
rehabilitation to reduce the frequency and volume of sewage overflows. Examples 
include Baltimore, District of Columbia, the Maryland and Virginia suburbs, Richmond, 
Harrisburg, and the Virginia tidewater. The emphasis of most consent decrees is on the 
reduction of wet weather sanitary sewer overflows, with very little attention to dry 
weather overflows.  
 

3.6  Drinking Water Transmission Loss 
 
Substantial losses are also experienced as drinking water goes from the treatment plant 
to the tap. In the drinking water world, this is known as unaccounted for water (UFW). 
According to the International Water Supply Association, the typical amount of 
transmission loss ranges from 20 to 30% of water production (Cheong, 1991). 
Transmission losses can approach 50% in communities with aging water infrastructure 
(AWWA, 1987) and averages about 15% in communities with newer water lines (Burn et 
al, 1999). While the nutrient concentrations in drinking water are quite low, the large 
volume of transmission losses can introduce a significant nutrient load into urban 
groundwater (Lerner et al, 1999).  

 
While the quality of drinking water is tightly regulated under numerous state and 
federal safe drinking water regulations, the quantity of treated drinking water that is lost 
in transit from the plant to the tap is not. Most water utilities have an economic interest 
in minimizing the loss of potable water in transit however, despite that they often have 
hundreds or even thousand miles of underground pipes assets to oversee and manage.  
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There is some question as to the actual delivery of these loads to streams so the panel 
took a conservative approach and discounted the loads based on proximity to the stream 
corridor. 

 
3.7 How Nutrient Discharges from Grey Infrastructure are Simulated in 

the Chesapeake Bay Watershed Model 
 
Nutrient discharges from grey infrastructure are not explicitly simulated in the current 
version of the Chesapeake Bay Watershed Model (CBWM), mainly because their 
variability and complexity make it difficult to forecast flows, concentrations or loads 
over the long term. Instead, the nutrient discharges are implicitly assumed to be part of 
the nutrient load from both pervious (dry weather) and impervious land (wet weather). 
The total urban loads are calibrated to a target nutrient load based on observed 
monitoring data from the literature, river and stream monitoring stations and statistical 
models (Shenk, 2012).  
 

Section 4 
Review of the Available Science on Nutrient Discharges from 

Grey Infrastructure 
 
The Panel reviewed more than 60 papers and reports on nutrient discharges from grey 
infrastructure. This section describes the key findings based on the literature review. 
 

4.1  Evaluation of Urban Nutrient Discharges 
 
The panel developed technical criteria to determine if the elimination of a nutrient 
discharge type could be eligible for a reduction credit. The Panel decided a discharge 
type must meet all five of the following criteria to be eligible: 
 

1. The unique nutrient discharge must be discovered by the local authority through 
a systematic assessment of the catchment, sewershed or stream corridor. 

 
2. The discharge type must have a definable nutrient concentration. The local 

authority must be able to measure the concentration through direct sampling, or 
there must be enough robust data in the literature to confidently assign a default 
value (Table 1). The intensity of sampling requirements is in direct proportion to 
the flow volume associated with the discharge type. 

 
3. Each individual discharge type must have a measurable flow volume and 

duration so that a total nutrient load can be computed for each discharge event. 
The local authority must be able to estimate both the flow volume and duration 
through direct metering, visual observations or engineering analysis. For smaller 
discharge events, the flow data can be estimated using accepted default values 
from the scientific and engineering literature (Table 2).  
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4. The specific corrective actions taken to eliminate the discharge must be clearly 

documented (e.g., slip-lining a leaky sanitary pipe or removing an illicit 
connection and reconnecting it to a sanitary sewer pipe).  

 
5. Additional screening, sampling or monitoring must be conducted to confirm and 

verify that nutrient discharge has been permanently removed. The length and 
intensity of sampling needed for verification is related to the estimated nutrient 
load that is eliminated (Section 5).  
 

Based on these technical criteria, the Panel decided that eight discharges types could be 
eligible for a credit.  
 

1. Laundry Washwater: Washwater flows that result in the discharge of washwater 
into the storm drain system. It may involve a residential situation or a 
commercial laundry operation.  

 
2. Commercial and Mobile Vehicle Washing: Washing of vehicles that results in the 

discharge of washwater into the storm drain system.   
 

3. Floor Drains: Floor or foundation drains illegally connected to the storm drain 
system. 

 
4. Miscellaneous High Nutrient Illicit Discharges: Nutrient-based outfall screening 

programs may detect other illicit discharges that can contribute high nutrient 
loads to local waterways. For example, Lilly et al (2014) recently reported that 
discharges from rooftop HVAC system can contribute high nitrogen loads to the 
storm drain system.  

 
5. Sanitary Direct Connection: A sewer pipe that is improperly connected to the 

storm drain system either through a cross-connection or from a straight pipe. 
This discharge category produces a continuous discharge of raw sewage into the 
storm sewer system or directly to a stream. 

 
6. Sewer Pipe Exfiltration: Loss of sewage from sanitary sewer pipes during dry 

weather through the groundwater matrix to the storm drain system as a result of 
cracks or leaks in sewer pipes. 

 
7. Drinking Water Transmission Loss: The loss of drinking water as it is delivered 

in pipes to the consumer that reaches the stream through storm drain pipes 
and/or groundwater migration.  

 
8. Dry Weather Sanitary Sewer Overflows: A sanitary sewer overflow that occurs 

during dry weather periods as a function of either a blockage or failure of the 
sanitary sewer system.  
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The Panel also agreed that seven discharge types could not meet the technical criteria 
were therefore not eligible to receive a credit, as defined in this report: 
 

1. Unexpected nutrient discharges from pipe breaks, spills, leaks and overflows that 
are reported to the local authority by the public or first responders and require 
immediate emergency repairs to stop the discharge.   

2. Residential car washing 
3. Selected transitory illicit discharges associated with power-washing, dumpster 

juice, transport accidents, and illegal sewage disposal by boats, recreational 
vehicles and transients. 

4. Catastrophic wet weather sanitary sewer overflows that exceed the sewer design 
capacity  

5. Combined Sewer Overflows (other procedures for estimating nutrient reductions 
associated with CSO abatement already exist)   

6. Septic field discharges caused by system failure (subject of existing WWG expert 
panel) 

7. Chronic Wet Weather Sanitary Sewer Overflows (the flow volumes, flow 
durations and nutrient concentrations of wet weather SSOs are difficult to 
sample, estimate or measure)  

 

4.2  Nutrient Discharge Characterization 
 
The Panel evaluated the scientific and engineering literature to define the general 
nutrient concentration, flow volumes and durations associated with the eight discharge 
types, which are shown in Tables 1 and 2. The product of these three variables provides a 
general indication as to the potential nutrient load associated with each discharge event.   
 

Table 1 
Default Nutrient Concentrations Associated Different Discharge Types 

ND Name TN 
(mg/L) 

TP 
(mg/L) 

Notes/Sources  

N-1 Laundry 3.2 0* Brown, 2004, Appendix E  
N-2 Car Wash 0.9 0.1 Brown, 2004, Appendix E 
N-3 Floor Drain 4.9 -- Requires sampling 
N-4 Misc. Discharge N/A N/A Requires sampling 
N-5 Sanitary Direct 33.0 6.0 EPA, 2004 
N-6 Sewage Exfiltration 33 6.0 Subject to Discount  
N-7 DW transmission 1.7 0.3 Or From DW CCR's and  

Subject to Discount 
N-8 Dry Weather SSO 33 6.0 EPA, 2004 
* assumed to be zero as to reflect P ban in laundry detergent (Litke, 1999). 
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Table 2 
Comparative Magnitude of Discharge Flow Volumes and Durations  

ND Name Discharge Volume Duration 
N-1 Laundry 10 to 100 gpd I, a few hours per week 
N-2 Car Wash 100 to 10,000 gpd I, during business 

operations 
N-3 Floor Drain 10 to 100 gpd I , a few hours per week 
N-4 Misc Discharge 1 to 10 gpd  I/C   
N-5 Sanitary Direct 1 to 100 gpd I/C,  
N-6 Sewage Exfiltration 100 to 5000 gpd/spm I/C 
N-7 DW transmission 100 to 5000 gpd/spm C 
N-8 Dry Weather SSO 500 to 10,000 gpd I, episodic 
KEY: gpd = gallons per day, spm = standard pipe mile, I= intermittent discharge, C= 
continuous discharge, T = transitory discharge. * Flow estimates are general and are 
based on literature and state SSO databases.  
NOTE: Values shown only for informational purposes, and SHOULD NOT BE used 
as defaults in the calculation of removal credits    

 
4.3  Review of Major Discharge Types 
 
A.  Illicit Discharges to the Storm Drain System 
 
In general, there has not been a lot of research to define the nutrient concentrations in 
illicit discharges. The best assessment is presented in Appendix E of the IDDE report 
(Brown et al, 2004).   
 
B.  Exfiltration from Sanitary Sewers 
 
Exfiltration from sanitary sewers can contribute to nutrient loads. Amick and Burgess 
(2000) conducted a national assessment of sewer exfiltration, and concluded while 
many factors cause exfiltration the most important is when the water table is lower than 
the invert of the sewer pipe. Consequently, exfiltration is likely to be greater for shallow 
sewer line and service laterals that are often located above the water table. 
 
Ellis et al (2004) report that frequent sources of exfiltration are house connections 
especially at their junction with the main sewer line, as these pipes are often above the 
water table. Ellis et al (2008) summarized typical exfiltration rates ranging from about 
350 to 7,250 gallons of sewage per day per mile of sewer pipe (assuming the standard 6 
to 8 inch diameter pipe). The variability in exfiltration is strongly influenced by the 
dynamic evolution and decay of a biofilm layer on the outside of the sewer pipe.  
 
Most of the research measurements of sewer exfiltration rates have been conducted in 
Europe, Australia and the West Coast (Ellis et al, 2008, Ellis, 2011, OCSD, 2008, Sercu 
et al 2011). The rates are variable in both space and time, and can span three orders of 
magnitude. Ellis et al (2008) conducted a research review that indicated exfiltration 
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losses are greatest in pre-1960 sewer pipes, but can occur in younger sewer networks, as 
well.  
 
Prigiobbe and Giulianelli (2011) used continuous tracers and reported a sewer 
exfiltration rate of 12% in Italy. Fenz et al (2005) used an anti-epileptic drug as a tracer 
in a German sewer system and reported a 1% exfiltration loss system-wide, but a 5% loss 
in problem segments of the sewer network. A follow up study by Ruzicka et al (2011) 
documented that exfiltration losses were reduced by half after reconstruction of the 
problem sewer segments. Rieckerman (2009) notes that detection limits in most sewer 
tracer methods can only accurately measure flows to within +/- 10%, so that it is 
difficult to precisely measure exfiltration losses. 
 
Most of the exfiltration occurs in small pipe defects that are hard to find (cracks, joint 
leaks, and at manhole connections. OCSD (2008) reported that 3.7 to 32 gallons of 
sewage per day exfiltrated at each pipe defect, although several defects experienced no 
exfiltration. This reflects the dynamic nature of exfiltration over the year, as to some 
extent, these defects are self-sealing.  Over time, the organic matter and sewer solids 
form a colmation layer (congestion that leads to a seal) at the point of leakage, which 
may also be covered by a biofilm layer. At low sewer pipe flows, these layers slow or 
reduce sewage exfiltration, but the layers are disrupted during daily pulses of higher 
sewer flows. The exfiltrated sewage can either migrate into storm drains, as shown in 
Figure 3, or reach the water table where it may also migrate to an urban stream.   
 

 
Figure 3. Exfiltration pathway from sanitary sewer line to storm drain system. (Photo 

credit: Sercu, 2011).  
 
The research indicates that four factors promote greater sewer exfiltration: 
  

 Older sewer pipes, with outdated pipe material specifications 

 Sanitary sewer pipes that are located above storm drain pipes 

 Sanitary sewer and storm drain pipes that cross each other or are in close 
proximity to another 

 Both pipes are located above the water table 
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C.  Estimates of Dry and Wet Weather SSOs in the Bay Watershed 
 
The Panel could find very few estimates of the contribution of SSOs to urban nutrient 
loads. A national assessment by EPA (2004) estimated that SSOs discharge between 3 
and 10 billion gallons of “comingled” sewage and stormwater into the nation’s 
waterways every year. EPA (2004) also estimated that 48% of all SSO events were 
caused by complete or partial sewer blockage and 26% were caused by wet weather and 
I/I. EPA also noted that wet weather SSOs had a greater total overflow volume than dry 
weather SSOs. 
 
The Panel reviewed Bay state databases in an effort to document the number and 
volume of dry weather SSOs that are reported each year by wastewater utilities. The 
review indicated that hundreds of dry weather SSO events occur each year in each major 
wastewater service area; thousands are reported on a state-wide basis every year. In 
general though, the overflow volume associated with wet weather SSOs appeared to be 
greater than those produced by dry weather SSOs. 
  
Due to incompatible formats and data quality issues, however, state data could not be 
compared, and a Bay-wide estimate of an annual SSO volume could not be derived. 
Some of the key data quality issues involved visual estimates of the sewage volume 
discharged during each SSO event, and the difficultly in establishing when the SSO 
event actually began (as opposed to when it was first reported). 
 
Notwithstanding the data quality issues, the Panel concluded that dry and wet weather 
related SSOs were a potential source of controllable nutrient loadings in many parts of 
the Bay watershed.        
 

4.4 Overall Contribution to Dry Weather Nutrient Loads 
 
A.  Significance of Dry Weather Nutrient Loads in Urban Streams 
 
The conventional thinking is that stormwater runoff delivers the vast majority of the 
nutrient load from urban watersheds, but the Panel discovered multiple lines of 
evidence that this may not be true, especially for nitrogen. The first line of evidence 
comes from the calibration of the Chesapeake Bay Watershed Model itself.  In urban 
river basin segments, as much as 25 to 40% of the simulated annual nitrogen load is 
delivered during dry weather periods (Shenk, personal communication), with a 
somewhat lower phosphorus load. 
 
Recent stream research in six urban watersheds in Minnesota determined that dry 
weather baseflow accounted for approximately 50% of the total water yield during the 
growing season (Finlay and Hobbie, 2013). The authors also reported that dry weather 
baseflow was responsible for about 20% of annual TP load and 30 to 70% of the annual 
TN loads in the test watersheds. Most of the nitrogen load during dry weather was in the 
form of dissolved inorganic nitrogen (DIN).  
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Stewart et al (2005) also looked at the ratio of dry weather nutrient loads to the annual 
nutrient loads in six urban streams in Baltimore County, MD, which were located in 
watersheds with 25 to 50% impervious cover. They reported that dry weather 
phosphorus loads ranged from 2 to 25% of the annual load, and dry weather nitrogen 
loads were 7 to 65% of the annual load. The authors concluded that dry weather sewage 
discharges were the source of the highest dry weather stream loads.  
 
Two California studies reported a major influence of dry weather flows on total annual 
nutrient loads. In Los Angeles, Stein and Ackerman (2007) reported that dry weather 
nutrient loads accounted for 20 to 60% of the annual nutrient load. Similarly, 
McPherson et al (2005) sampled another Los Angeles watershed, and reported that dry 
weather flows contributed more than 40% of the annual nitrogen and phosphorus loads. 
The Panel felt that these studies may not be fully transferable to the Chesapeake Bay 
watershed because they were done in a more arid climate and a significant fraction of 
the dry weather flows were produced by irrigation return flows and discharges from 
water reclamation plants.  
 
B.  The Significance of Sewage as a Nutrient Source in Dry Weather Flows 
 
These findings are reinforced by recent research on urban streams in Pittsburgh, PA by 
Divers et al (2013). They reported that sewer leakage to the stream could account for up 
to 12% of the nitrogen load carried by the sewer, and that most of the loss occurred 
during dry weather periods, when high DIN concentrations were consistently measured. 
Based on their analysis, Divers et al (2013) estimated that sewage contributions could 
account for 5.4 to 12.5 lbs DIN/acre/year, which was a significant fraction of the annual 
nitrogen budget in their urban watersheds. 
 
Similar results were reported by Lilly et al (2012) who sampled dry weather flows at 
more than 3oo storm drain outfalls in two urban watersheds in Maryland. They reported 
that 16% of the outfalls tested positive for indicators of sewage contamination, and the   
cumulative nutrient load generated from the suspect outfalls could account for 20 to 
100% of the observed dry weather nitrogen load in the two urban streams.  
 
Further evidence for the sewage origin of dry weather DIN was provided by the stable 
isotope analysis conducted in six Baltimore streams by Kaushal et al (2011). He 
concluded that sewage was the predominant source of nitrogen load during dry weather 
flow. Hyer (2007) used multiple continuous tracers in Accotink Creek in Northern 
Virginia and found direct evidence of sewage contamination during dry weather flows, 
isolating three major sewage breaks and a dozen minor ones (although the actual 
nutrient load contribution was not calculated).  
 
Sauer et al (2011) provided further evidence of dry weather sewage contamination in a 
study of stormwater outfalls at four urban watersheds in Milwaukee, Wisconsin. They 
concluded that storm drain outfalls were an effective conduit for sewage leaks to move 
away from the sanitary sewer. The research team intensively sampled 45 stormwater 
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outfalls over a four-year period using traditional and alternative indicators of fecal 
pollution. All outfalls were found to have a human Bacteroides genetic marker detected 
in at least one sample, “suggesting sewage contamination is nearly ubiquitous in the 
urban environment.”  
 
Most outfalls were intermittently positive, with fecal indicators detected from 11% to 
100% of the time. The major source of fecal pollution appeared to be from sewage 
sources rather than non-human sources based on the ratios of human Bacteroides to 
total Bacteroides spp. Sauer et al also found that high I/I levels in sewers were linked to 
elevated human Bacteroides levels in adjacent stormwater outfalls. 
 
A definitive link between sewage exfiltration and bacterial contamination in storm 
drains was made by Sercu et al (2011) in urban watersheds in Santa Barbara, CA. The 
research team utilized tracers in urban storm drain systems during dry-weather flow 
and found direct evidence that leaking sanitary sewers directly contaminate nearby 
storm drains. Although they did not measure nutrients, they also concluded that chronic 
sanitary sewer leakage was a major contributor to downstream beach contamination.  
 
Two other studies showed little or no improvement in dry weather nutrient or bacterial 
loads in Baltimore streams, despite long term sewer system upgrades to reduce wet 
weather SSOs (CWP and Biohabitats, 2011). In response to a consent decree, the City 
spent millions of dollars to control wet weather SSOs, but the CWP studies 
demonstrated that the upgrades had little impact on dry weather nutrient loads in the 
ten streams that were sampled.  
 
C. Overall Panel Finding 
 
After reviewing the available science the Panel concluded that sewage exfiltration was a 
major source of DIN to urban streams during dry weather, but determined that specific 
loads in individual watersheds could not be reliably predicted at the present time. In the 
best professional judgment of the Panel, nutrient discharges from grey infrastructure 
could collectively account for as much as 20 to 40% of the dry weather nutrient load in 
urban watersheds, depending on the age and condition of its grey infrastructure. Given 
the site-specific nature of these discharges, however, the Panel could not estimate the 
relative contribution of the many different individual nutrient discharges that produce 
these loads.  
 
There is some question as to the actual delivery of these loads to streams and potential 
losses due to denitrification. The panel took a conservative approach and discounted the 
loads based on proximity to the stream corridor. 
 

4.5  Overall Contribution to Wet Weather Nutrient Loads 
 
As noted earlier, the Panel could not derive an accurate estimate of the nutrient load 
that could be attributed to wet weather SSOs in the Bay watershed (see Section 4.2). 
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Part of the reason is that wet weather SSOs are frequently masked by the enormous 
stormwater runoff volumes that are generated during rain fall events. For example, a 
one inch rain event that falls over a one square mile urban watershed (at 50% 
impervious) produces nearly nine million gallons of stormwater runoff, which dwarfs 
the impact of any individual wet weather SSO event.  
 
According to EPA (2004), SSOs account for about 1 to 2% of the municipal discharges of 
sewage loads on an annual basis, but this is only a general estimate. An unpublished 
analysis by MDE of its SSO database indicated that they represented about 1% of the 
total nutrient load from its urban sector in its Phase 1 Watershed Implementation Plan. 
 
The Panel concluded that nutrient discharges from SSOs were a small but potentially 
controllable load source in urban watersheds during wet weather, although their 
presence is masked and diluted by the billions of gallons of stormwater runoff during 
these conditions. The Panel concluded that grey infrastructure discharges could account 
for 1 to 2% of the total urban wet weather load, particularly during intense or extreme 
storms.   
 
However, the Panel considered several unique regulatory and legal issues associated 
with wet weather SSOs, as well as the fact that they are very extremely difficult to safely 
sample, estimate or measure. The Panel decided that the simplified crediting and 
verification protocols for wet weather SSOs were not operational enough for use by  
either a locality or state enforcement agency, and should not be used at this time.  
 

4.6 Ability to Discover and Eliminate Nutrient Discharges from Grey 
Infrastructure 

 
The next key issue the Panel considered was whether we have the technology to discover 
nutrient discharges from grey infrastructure and eliminate them.  
 
Many new methods have been tested in the last decade to discover nutrient discharges 
from the storm drain and sewer network (Brown et al, 2004, Burn et al, 1999, Holden et 
al, 2011, Hyer et al, 2007, Irvine et al 2011, Murray et al, 2011, and Sercu et al, 2011). A 
summary of the discovery methods is provided in Table 3.  
 
The Panel agreed that the high nutrient levels detected in dry weather warrants more 
widespread use of nutrient-based indicators for outfall screening. Such screening could 
be a potentially cost-effective strategy for local governments to achieve greater nutrient 
reductions (Lilly et al, 2012). The only limitation of these methods is that while they are 
effective at finding suspect outfalls and sewer pipe segments, they often require 
considerable sleuthing to find the specific source or location of the nutrient discharge. 
 
Once found, the methods to prevent or eliminate the nutrient discharge are fairly 
straightforward, as shown in Table 4. 
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Table 3 
Summary of Methods to Discover Nutrient Discharges  

from Grey Infrastructure 

 Visual Inspection and Outfall 
Screening 

 Flow Chart Method to Sample 
Suspect Outfalls 

 Source Tracking 

 Smoke Testing 

 Dye Testing 

 Optical Brightener Testing 

 Closed Circuit Television 

 HVAC testing 

 Trained Sewage Sniffing Dogs 

 Stream Walks to Look for Small Diameter Pipes 

 GIS Analysis of Storm and Sewer Pipe 
Interactions 

 Sewer pipe flow metering 

 Continuous tracers in sewers 

 Nitrate Isotopes 

 Human Markers (caffeine, Bifidobacterium) 

 Overflow reporting 

 CMOM and other sewer asset programs 
 
 

Table 4  
Common Methods to Prevent or Eliminate Nutrient Discharges 

 Reconnecting Pipe to Sewer Network 

 Change in HVAC Management Practices 

 Slip-lining Sewer or Water Pipes 

 Reducing I/I into Sewer System 

 Sewer or Water Pipe Replacement 

 Sewer or Water Pipe Re-Alignment 

 Implementing FOG Pretreatment 
 

4.7 Empirical Approach to Calculate Load Reduction for Individual 
Discharges 

 
The Panel could find no research studies that calculate the actual nutrient reduction 
associated with the elimination of nutrient discharges. However, numerous engineering 
models and empirical data exist to estimate or measure the nutrient reduction 
associated with their elimination, and the Panel reasoned that these were acceptable for 
its purposes, as long as there were rigorous quality controls on their use.  
 
The Panel agreed that eliminating "discovered" nutrient discharges can be considered as 
a urban BMP capable of producing a real change in urban nutrient loads, if they: 
 

 Are detected and physically eliminated. 

 On-site sampling of the discharge is conducted to define one or more of the 
following parameters -- the concentration, flow rate and/or flow duration. 

 Subsequent inspections and/or sampling to verify that discharge no longer exists. 
 

The Panel concluded that there was considerable scientific support that nutrient 
discharges from grey infrastructure could collectively contribute a significant portion of 
the dry and/or wet weather nutrient loads in urban watersheds, although their share of 
the total load is extremely variable in both space and time. Given this uncertainty, it is 
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not possible to assign a unit flow rate or nutrient reduction efficiency to each type of 
nutrient discharge.  
 
Consequently, the Panel concluded that any nutrient reduction credit must be 
empirically based for each individual discharge that is removed, using a calculation of its 
unique nutrient concentration, flow rate and discharge duration over the year.   Three 
protocols for calculating the credit are presented Appendix A that rely on empirical data. 
 
The Panel also noted that IDDE and SSO programs can reduce the input of partially 
diluted sewage and other pollutants into the storm drain system or the urban stream 
network, and as such are a strong tool to keep nutrients, bacteria, and toxic pollutants 
from entering the watershed. The Panel defined three protocols to determine 
conservative and verifiable nutrient reduction.  In this context the term “protocol” refers 
to the method used to define and verify the load reduction credit associated with finding 
and fixing an individual nutrient discharge, as follows: 
 

 Protocol 1: The Prevented Load Calculation 

 Protocol 2: The Before and After Load Approach 

 Protocol 3: The Overflow Reduction Tracking Method  
 
Table 5 also shows the data requirements needed to apply the protocols for each specific 
discharge type. 
 

Table 5 
Data Requirements to Compute Reduction Credits 

No. Discharge  
Type 

Method Nutrients Flow 
Volume  

Flow 
Duration 

N-1 Laundry Wash Water 1 S or D E or M E 

N-2 Commercial Car Wash 1 S E or M E 

N-3 Floor Drains 1 S E or M E 

N-4 
Misc. High Nutrient 
Discharges 

1 S E or M E 

N-5 
Sanitary Direct 
Connection 

1 S or D E or M E 

N-6 Sewer Pipe Exfiltration 2 S or D M E 

N-7 
Drinking Water 
Transmission Loss 

2 S or D M E 

N-8 Dry Weather SSOs 3 S or D E M 

KEY: S= SAMPLE, D=Use DEFAULT VALUE, E=ESTIMATE, M= MEASURE 
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Section 5  
Program Credit for Nutrient-Targeted Grey Infrastructure 

Upgrades 
 
The Panel recommends a nutrient removal credit for communities that meet numeric 
program metrics for finding and reducing nutrient discharges from their grey 
infrastructure. The program credit is offered to provide an incentive for communities to 
re-focus their existing IDDE and SSO abatement programs toward greater nutrient 
reduction, without (initially) having to compute reductions for individual discharge 
events.  

 
The programmatic credit is only available to localities that go above and beyond the 
minimum requirements set forth under their MS4 permit and SSO consent decree, and 
is contingent on documentation that their program elements are targeted to screen, 
detect and correct the nutrient discharges with the highest nutrient loading risk. The 
eligibility criteria for an “advanced” nutrient discovery program are shown in Table 7. 
 
Table 6 demonstrates what is currently required for meeting the permit requirements 
for having a basic IDDE program. Programs that meet the minimum programmatic 
requirements as outlined in Table 6 are not eligible for the temporary programmatic 
credit.   
 

Table 6  Zero Credit for Basic IDDE Program 

This includes MS4s that are currently in compliance with their minimum control 
measure for illicit discharge detection and elimination (IDDE) in their current 
stormwater NPDES permit, as summarized in Brown et al (2004)1. The basic permit 
conditions are as follows:  

 Adopt a local ordinance to prohibit illicit discharges to the storm drain system 

 Develop a storm drain map, including  all outfalls 36 inches in diameter or 
larger  

 Provide IDDE education and outreach to public employees, businesses and 
the general public 

 Use visual indicators to screen outfalls for presence of illicit discharges 

 Develop and implement appropriate enforcement procedures to correct illicit 
discharge when they are discovered. 

1 There may be some minor differences in permit conditions among the Bay states, as 
well as between Phase 1 and Phase 2 MS4 communities. 
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Table 7 Credit for Advanced Nutrient Discovery Programs  
The annual credit is equivalent to a maximum of 1% of the dry weather nutrient load 
within the jurisdiction, which is defined as 20% of the total annual N and P load 
discharged from urban pervious land in which advanced nutrient reduction programs 
are targeted.1  

The locality will provide justification to indicate that they are operating at an advanced 
level. At a minimum, they will document the following in their annual MS4 permit 
report: 

 Methods used to analyze dry weather stream monitoring data to prioritize the 
catchments and/or sewer-sheds with the highest risk for nutrient and bacteria 
discharge that warrant targeted investigation. 

 Number of outfalls in the priority catchments/sewer-sheds identified during 
the Outfall Reconnaissance Inventory (ORI) as described in (Brown et al 2004). 

 Number of outfalls in the priority catchments/sewer-sheds  that were subject to   
nutrient testing, using the Flow Chart Method (Brown et al 2004) or equivalent. 
The testing must focus on outfalls of all diameters. Nutrient testing should be 
conducted on at least 10% of flowing outfalls (as determined during the ORI) 
annually.  

 Specific methods and techniques they use to track a suspect illicit discharge to 
its source in the storm drain network (Table 3). 

 Number and type of illicit discharges that were discovered and actually 
eliminated each year.    

In addition, localities will need to document that they are conducting at least two of 
the following activities to discover and or prevent nutrient discharges to receive credit: 

 GIS assessments of storm and sanitary sewer network to identify high risk 
segments for cross-connections or exfiltration 

 Dry weather stream monitoring is used to prioritize the stream segments with 
the highest nutrient and bacteria levels that warrant further investigation 

 CCTV inspections, dye testing or other methods to investigate for sewer leaks in 
problem storm drain systems. 

 Targeted inspection and outreach to businesses and/or industrial facilities 
subject to high risk for illicit discharges or sewer clogging (e.g. restaurants, car 
rental agencies, etc.) 

 Detailed field assessments of the sewer network to identify segments with high 
risk of nutrient discharge due to exfiltration and/or dry weather overflows (i.e., 
sewer modeling and metering tools). 

1 The program credit is not additive; although a MS4 can increase acreage subject to targeted nutrient 

discharge investigations from year to year. The nutrient reduction associated with the program credit 
will lapse 5 years after a community first reports it in their MS4 annual report.     
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Example of Computing Nutrient Load Reductions for the Program Credit  
 
Bay Village elects to transition to a nutrient based outfall screening program in two 
priority catchments within its jurisdiction -- Icky Creek and Filthy Run. Together, the 
two catchments are 3,600 acres in size, and average 64% urban pervious land. Bay 
Village documents in its annual MS4 report that it has met or exceeded the program 
metrics outlined in Table 6 of this report. The temporary nutrient reduction credit for 
modifying their program is computed as follows.  
 
Step 1: Determine the unit area nutrient load for pervious land from CAST or state 
equivalent, and multiply by 0.20. 
 

Staff determine unit area TN and TP loads are 10.43 and 0.43 lbs/acre/year, 
respectively, within their jurisdiction. These are multiplied by the dry weather 
baseline multiplier of 0.2, which yields 2.09 lbs TN/ac/yr and 0.086 lbs 
TP/ac/yr. 

 
Step 2: Multiply these unit loads by the qualifying acres of pervious land in Icky Creek 
and Filthy Run (3,600 acres*64% = 2,304 ac), which yields: 
 
 4,815 lbs/yr of TN and 198.1 lbs/yr of TP     
       
Step 3: Multiply these loads by the 0.01 to determine final nutrient reduction credit for 
the program change. 
 

48.2 lbs/yr of TN and 1.98 lbs/yr of TP     
 

Bay Village would report these for credits until the end of 2017 at which time they would 
need to compute load reductions for individual nutrient discharges using the protocols 
in this report.  
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Section 6 
Accountability Mechanisms 

 
The Panel concurs with the conclusion of the National Research Council (NRC, 2011) 
that verification of BMP installation and subsequent performance is a critical element to 
ensure that pollutant reductions are actually achieved and sustained across the 
watershed. The Panel also concurred with the broad principles for urban BMP reporting, 
tracking and verification contained in the technical memo approved by the Urban 
Stormwater Workgroup (USWG, 2014).  
 

6.1  Reporting, Tracking and Verifying the Advanced Program Credit  
 
Consult with your state NPDES permit authority on what to report to obtain the credit.  
Normally, this will be done as part of the annual MS4 report submission. At a minimum, 
this will normally include: 
 

 Acreage of pervious land in the jurisdiction that is effectively targeted by the 
advanced programs (note: this will always be less than the total acreage of 
pervious land in the jurisdiction) 

 Calculation of the dry weather nutrient load for the urban pervious land covered 
by the program using the CAST tool or state variant 

 Justification that the local program meets the criteria in Table 7 

 Year on which the nutrient credit is earned.   
 
More detail on reporting this practice can be found in Appendix E.  
 

6.2 Reporting, Tracking and Verifying Individual Nutrient Discharge 
Reduction Credits   

 
The reporting requirements for nutrient discharge reduction credits are generally the 
same, regardless of which protocol is used. The key information to be reported to the 
state is as follows: 
 

 Type of discharge eliminated (e.g. N-1, N-2, etc) 

 Total N and P load removed (lbs) 

 Protocol used (1, 2 or 3)  

 Nutrient concentration, pre and post elimination (mg/l) 

 Discharge flow volume prior to elimination (gallons)  

 Estimated flow duration (up to maximum of one year) 

 River basin segment where the discharge was corrected 

 Year that discharge was eliminated 
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Local governments must also maintain a more extensive file on each nutrient discharge 
they take credit for which fully documents the monitoring data and technical 
assumptions that were used with each protocol. States and/or EPA, reserve the right to 
inspect and review these files, particularly when a large nutrient reduction credit is 
being claimed.  The Panel recommends an initial numeric trigger for this review for 
individual discharge reduction credits that exceeds 100 lbs per year.    
 
The local documentation file should contain all the supporting information required for 
the specific protocol which is being used, as described below:   
 

 Whether direct monitoring or default values were used for calculating the load 
reduction.  If default values, report the values used in the calculations. 

 The date that the nutrient discharge was detected and the date that it was 
eliminated. 

 All monitoring data used to establish the concentration, including duplicate 
samples, analytical methods and QA/QC procedures. 

 The method used to measure the flow rate, and at least three flow measurements 
collected with average reported before and after the discharge is eliminated. 

 Defining the flow as either continuous or intermittent and if, intermittent, the 
technical assumptions used to determine the percentage of the year the flow 
occurred. 

 The final load reduction calculations that were performed in pounds per year 
(lb/yr). 

 An outfall screening plan and schedule to verify that the discharge has been 
eliminated. 

 
More detail on reporting this practice can be found in Appendix E.  
 

6.3 Field Verification of Individual Discharge Removal   
 
The basis for verifying these credits is different from other urban BMPs in that a 
discharge is eliminated or prevented rather than treated. The verification methods also 
depend on the size and type of discharge, and may involve either post-removal 
inspection, screening and/or monitoring to confirm that the individual discharge does 
not re-occur again. These follow-up inspections are conducted at the point of repair, and 
may also involve further downstream outfall screening or sampling where needed. More 
specific details on the verification methods for each discharge type can be found in the 
Profile Sheets provided in Appendix A. 
 
Communities will be granted credit immediately for discharges that require additional 
follow-up monitoring to verify that the discharge has been eliminated. However, if a 
locality fails to conduct and document the follow-up monitoring, the credit can be 
revoked. 
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In some cases ‘optional post-correction follow-up screening’ is recommended. This is 
primarily to catch additional illicit discharges at the same location (e.g. problem sites) or 
to ensure reconnection to the storm sewer has not occurred.       
 

Section 7 
Future Research and Management Needs 

 

7.1 Justification of the Recommendations 
 
One of the key requirements of the CBPO protocol is for the expert Panel to justify the 
selected effectiveness in the removal rates that they ultimately recommend (WQGIT, 
2010). The Panel acknowledges that major scientific gaps still exist to our 
understanding of the following:  
 

 Magnitude and extent of illicit discharges, sewage exfiltration and overflows 
across the Chesapeake Bay 

 The best detection methods, especially for tidewater communities 

 Nutrient concentrations associated with specific nutrient discharge types  

 Effect of groundwater migration and denitrification on nutrient discharges from 
grey infrastructure 

 More precise methods for estimating the flow volume and duration associated 
with all nutrient discharge types   

 
Given these significant gaps, the Panel agreed that the recommended rates should be 
reevaluated by a new Panel to be reconvened by 2018 when more research data, 
implementation experience and an improved CBWM model all become available. 

 
7.2 Proposed Refinements in the Next Phase of the Watershed Model 
 
The Panel is confident that the nutrient load generated by the types of nutrient 
discharges reviewed in this report does represent a significant portion of the load that is 
currently being generated from pervious land uses in the CBWM.   
 
The Panel does not recommend any specific CBWM refinements to simulate nutrient 
discharges from grey infrastructure as part of the midpoint assessment in 2017.  In 
theory, it would be useful to partition grey infrastructure loads as a specific component 
of the total load generated from urban pervious lands. For example, a recent STAC 
report proposes the creation of a new urban stream corridor land use, which might 
include loads generated by stream channel erosion, discovered nutrient discharges and 
other downstream load sources (Sample et al, 2014). However, at the present time, we 
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do not have enough data on the specific processes that generate these nutrient 
discharges to accurately simulate or forecast them.  
 

7.3 High Priority Research and Implementation Recommendations 
 
The Panel identified the following priorities to improve our understanding of nutrient 
discharges from grey infrastructure, and improve local capability to reduce their 
contribution to nutrient loading in the Bay watershed: 
 

 The Panel recommends that a new expert panel convened to focus exclusively on 
wet weather SSOs to determine whether or not any nutrient credit should be 
granted, and if so, what sewer monitoring and modeling tools are needed to 
compute and verify them. Given the legal and regulatory issues involved, any wet 
weather SSO expert panel should include legal and regulatory experts, and be 
timed to coincide with Phase 6 of the CBWM. 
 

 The Panel recommends that the Bay Program establish a nutrient discharge 
fingerprinting database for grey infrastructure. The database would consist of the 
nutrient concentrations, flow rates, and flow durations for each of the discharge 
types in the watershed, as they are submitted for credit. It would also be desirable 
to track the fingerprints of other pollutants, such as bacteria, trace metals, and 
hydrocarbons. As the database grows over time, it will provide valuable 
information to IDDE and SSO managers, reduce our data gaps, and allow 
development of better predictive tools in the future. 

 

 The Panel acknowledges that the shift to a more nutrient-based approach for 
implementing IDDE and SSO programs will require more intensive training and 
outreach and more refined outfall monitoring protocols. Both programs also 
should continue to prevent leaks and spills of other pollutants to the streams and 
rivers of the Chesapeake Bay. 
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Appendix A  
Profile Sheets for Crediting Nutrient Reductions from Grey 

Infrastructure 

 
This section provides a series of profile sheets outlining each of the discharges that are 
eligible for a credit. Each profile sheet describes the discharge, its characteristics and the 
crediting approach used when it is fixed and/or prevented. A design example to show 
how the credit is calculated is also provided.  
 
The following eight discharges are eligible for a credit.  
 

N-1. Laundry Washwater 
N-2. Commercial Car Washing 
N-3. Floor Drains 
N-4. Miscellaneous High Nutrient Non-Sanitary Discharges 
N-5. Sanitary Direct Connections 
N-6. Sewage Pipe Exfiltration 
N-7. Drinking Water Transmission Loss 
N-8. Dry Weather Sanitary Sewer Overflows 

 
Discharge Characteristics Definitions 
 
The following terms are used to describe the characteristics of the discharges.  
 
Discharge Frequency: This describes how often a discharge is likely to occur. The 
options are as follows: 

 Continuous: discharges that occur most or all of the time and as a result are 
usually easier to detect. 

 Intermittent: discharges that occur over a shorter period of time (e.g., a few 
hours per day, or a few days per year). Due to their infrequent nature, these 
discharges are hard to detect but can still create a serious water quality problem. 

 Transitory: discharges that occur rarely, often in response to a singular event 
such as an industrial spill or emergency break in a sewage line. 

 
Mode of Entry: This describes how the discharge enters the stream or storm drain 
system.  

 Direct Entry: the discharge enters the stream or storm drain through a straight 
pipe. 

 Indirect Entry: the discharge is generated outside of the stream or storm drain 
system and enters through runoff to a storm drain inlet or migration through 
groundwater. 

 



Final Expert Panel Report on Removal Rates for the Elimination of 
Discovered Nutrient Discharges from Grey Infrastructure 

 

43 
 

Flow Duration: This indicates how long the discharge typically lasts. Maximum flow 
duration for any discharge is one year however most discharges only occur during 
a portion of the year. Flow duration is discharge specific. 
 
Elimination Method: A series of field methods that are used to find, isolate and measure 
nutrient discharges from grey infrastructure.  Several unique detection methods apply to 
each discharge type, they are as follows: 
 

 BMPs to protect stormwater system from discharge 

 Direct discharges to sanitary sewer 

 Disallowing mobile operations 

 FOG Reduction Programs  

 Manhole Sealing 

 Pipe Reconnection to the appropriate pipe network 

 Pipe Realignment of Sewer or Water Pipes 

 Pipe Replacement of Sewer or Water Pipes 

 Pollution Prevention Programs 

 Pretreatment Requirements 

 Slip-lining of Sewer or Water Pipes 

 Reducing I/I into Sewer System 
 
Method of Discovery: The methods that can be used to discover the source(s) of the 
discharge, depends on the nature of the nutrient discharge. They are as follows: 
 

 CMOM: A management system whereby wastewater utilities plan and manage 
how they can improve the performance and longevity of their sewage collection 
and pipe network assets (see Section 2). 

 Dye Testing: Fluorescent dye is introduced into the sewer network and 
suspected manholes are then inspected to trace the path of flow through the 
network to locate the source of the discharge. 

 Flow Metering: upstream and downstream flow metering in the pipe to 
determine the loss in materials through the pipe.  

 GIS Risk Analysis: Mapping locations where sanitary and storm sewer lines 
cross to target areas where discharges could occur. 

 Hotline Complaints: Citizen pollution hotlines are used as a strategy to engage 
the public in illicit discharge surveillance are a highly effective way to pick up 
intermittent and transitory discharges that escape routine outfall screening. 

 Nutrient-based Outfall Screening: Water quality monitoring of outfalls that 
includes nutrient sampling techniques, specifically for Nitrogen and Phosphorus. 

 Nutrient Source Sampling: Nutrient sampling done at the source of the 
discharge done to calculate the pollutant load reduction. 

 Optical Brightener Monitoring: The use of optical brightener traps to 
capture dry weather flows, which are then later analyzed for the presence of 
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optical brighteners which would indicate the presence of an intermittent 
discharge. 

 Overflow Reporting: Tracking overflow events along with rainfall analysis to 
demonstrate a causal relationship between them. This is used as a predictive 
method for identifying areas prone to overflows as a result of a certain sized 
rainfall event. 

 Risk Assessment: Analysis of businesses in the sewershed and pretreatment 
activity 

 Rooftop Inspection: Analysis of downspouts and rooftops from commercial 
parcels in the sewershed to identify potential sources of high nutrient discharges. 

 Sewage Sniffing Dogs: Specially trained dogs that can detect and source track 
human sewage in stormwater. 

 Smoke Testing: Introducing smoke into the sewer system and observing where 
the smoke surfaces to locate the source of the discharge.  

 Stream Walk: Walk streams in the watershed to inventory all outfalls in the 
MS4, visually asses and collect samples to identify possible high nutrient 
discharges. 

 System Maintenance Records: Records held by a locality that indicate 
specific areas of the sanitary sewer system where repeated overflows or line 
blockages tend to occur.  

 Televising: A remote camera with a video recorder is used to assess the 
condition of a storm or sewer line and look for discharges. 

 Visual Inspection: Visual observations are used to observe conditions at the 
manhole or outfall and look for any signs of discharges or dry weather flow. 
Includes inspecting for the presence of flow, color, odor, foam, oils, floatable 
materials, deposits or stains. 

 
Regulated Discharge: This includes under which permit the discharge is regulated (i.e., 
who is accountable for fixing the discharge) where applicable.  
 

 NPDES MS4 Permittees: the discharge is regulated under/prohibited by the 
National Pollutant Discharge Elimination System as a Municipal Separate Storm 
Sewer System (MS4) permit.  

 NPDES Wastewater Discharge Permittee: the discharge is regulated 
under/prohibited by the National Pollutant Discharge Elimination System as a 
wastewater permit. 

 Non-regulated: at this time, this discharge is not regulated by a permit. 
 
Crediting Protocol: The protocol that is used to determine the credit for the eliminated 
discharge. 
 

 Protocol 1: The Prevented Load Calculation 

 Protocol 2: The Before and After Load Approach 

 Protocol 3: The Overflow Reduction Tracking Method 



Final Expert Panel Report on Removal Rates for the Elimination of 
Discovered Nutrient Discharges from Grey Infrastructure 

 

45 
 

Sampling Requirement: The sampling that is required to be done by the locality in order 
to claim the credit. 
 
Verification Requirements: The verification requirement in order for the locality to 
claim and maintain the pollutant reduction credit. 
 

 Confirmation inspection after reconnection 

 Confirmation screening  

 Optional screening at outfall or stream once in the year after elimination if 
multiple discharges are suspected 
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N-1: Laundry Washwater 
 
Definition: Washwater flows that result in the discharge of washwater into the storm 
drain system. It may involve a residential situation or a commercial laundry operation. 
 

 
Photo credit: Arlington County DES 

 

DISCHARGE CHARACTERISTICS 
 

 
Discharge Frequency 

 Intermittent (I) 
 
Mode of Entry 

 Direct – through a straight pipe 
 
Method(s) of Discovery  

 Dye Testing 

 Hotline Complaints 

 Nutrient Source Sampling 

 Optical Brighteners 

 Smoke Testing 

 Stream Walk 

 Visual Inspection 
 
Regulated Discharge  

 MS4 permit (IDDE) 
 
 
 
 
 

Elimination Methods 

 Enforcement and, 

 Pipe reconnection to the sewer 
system 

 
Crediting Protocol  

 Protocol 1 
 
Sampling Requirement 

 Flow rate for individual discharge 
must be estimated or measured 

 
Verification Requirements 

 Confirmation inspection after 
reconnection 

 Optional screening at outfall or 
stream once in the year after 
elimination if multiple discharges are 
suspected



Final Expert Panel Report on Removal Rates for the Elimination of 
Discovered Nutrient Discharges from Grey Infrastructure 

 

47 
 

DISCHARGE CREDITING 
 
Laundry discharges are credited under Protocol 1 which requires: 

1. Direct monitoring of the discharge characteristics or,  
2. Use default values for concentration and estimates for flow 

 
The following example shows how a locality would calculate the load reduction under 
both scenarios. While direct monitoring will result in more accurate and higher loads 
associated with the discharge, it requires much more resources from the locality. 
 

DESIGN EXAMPLE 
 
A citizen complaint is made to Green City Public Works Department regarding a large 
amount of suds being discharged from an outfall.  It was determined by working back up 
the pipe that the suds were originating from a laundry room in a 50-unit apartment 
building 1/8 mile away.  The plumbing from the laundry room was inadvertently tied 
into the storm drain system.  Once the source was identified, City staff obtained a water 
sample, duplicate and flow measurements from a storm drain manhole outside of the 
building to determine the credit (see below). An interview with the building manager 
determined that based on the number of people living in the building, typical washing 
habits per resident and gallons of water used per wash, that the flow occurs 25% of the 
year.  The discharge duration is therefore 25% of the estimated annual load (365/4 = 
91.25).  An outfall screening the following year confirmed that the discharge did not 
recur and so the credit was maintained. 
 

Laundry Discharge Monitoring Measurements 
 TN (mg/l) TP (mg/l) 
Sample 1 2.1 0.4 
Duplicate 2 0.39 
Average 2.05 0.395 
 Flow (cfs) 
Replicate 1 0.005 
Replicate 2 0.007 
Replicate 3 0.006 
Average 0.006 
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The annual load contributed as from the laundry discharges is calculated to be 6.05 
lbs/year for Nitrogen and 1.17 lbs/year for Phosphorus. 
 
Alternatively, the City could have used default values and estimations to determine the 
credited load.  The default concentrations were taken from Table 1 of the memo; the 
flows and durations were estimated based on the type of housing that was generating 
the laundry discharge. Assuming laundry in both single family and multifamily 
households occurs only twice a week gives us a value for the duration of 104 days per 
year. 
 

             
  

 
                         

       

    
     

    

    
     

   

  
 

 
 
A study conducted by the American Water Works Association Research Foundation 
(AWWARF) on daily household water found the mean daily clothes washer usage across 
all households was 15 gallons per capita per day (gpcd) (AWWARF, 1999). Evaluation of 
the 2010 U.S. Census Bureau data reveals that there are 2.64 people per household in 
the United States (Vespa et al, 2013). The resulting laundry usage in gallons per 
household per day is estimated to be 40 gphd.  
 
The U.S. Census Bureau defines a multifamily home as a residential building with two or 
more units (U.S. Census Bureau, 2012). In order to estimate the average daily laundry 
flow from a multifamily building simply multiply the average laundry usage (40 gphd) 
by the number of units in the building.  
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N-2: Commercial Car Washing 
 
Definition: Washing of vehicles that results in the discharge of washwater into the storm 
drains system. It may involve a commercial car wash operation or a car washing 
business operating in a residential area (such as a mobile car wash).  
  

 
Photo credit: Dr. Bob Pitt, University of Alabama 

 

DISCHARGE CHARACTERISTICS 
 

 
Discharge Frequency 

 Intermittent (I) 
 
Mode of Entry 

 Direct – through a straight pipe 

 Indirect – runoff from washing 
area enters through a storm drain 
inlet 

 
Discovery Methods 

 Dye Testing 

 Nutrient Source Sampling 

 Optical Brighteners 

 Smoke Testing 

 Visual Inspection 
 
Regulated Discharge 

 MS4 permit 
 
 
 

Elimination Methods 

 Pipe reconnection to the sanitary 
sewer system 

 Disallowing mobile operations 

 BMPs to protect stormwater system 
from discharge 

 
Crediting Protocol  

 Protocol 1 
 
Sampling Requirement 

 Must estimate flow rate and duration 
and measure nutrient concentration 

 
Verification Requirements  

 Confirmation inspection after 
reconnection 

 Confirmation screening during 
business hours, once the following 
year. 
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DISCHARGE CREDITING 
 
Car wash discharges are credited under Protocol 1 which requires: 

1. Direct monitoring of the discharge characteristics or,  
2. Use of estimates for flow 

 
The following example shows how a locality would calculate the load reduction under 
the direct monitoring scenario.  

 
DESIGN EXAMPLE 

 
IDDE Staff discover that Joe’s Wash & Wax illegally discharges to the storm drain 
system rather than the sanitary sewer system. Based on water meter records, the 
average daily flow is measured to be 2,500 gallons per day. Two replicate samples of the 
discharge indicate a TN and TP concentration of 2.5 mg/L and 0.5 mg/L respectively. 
The duration of the flow is considered to be one year. The annual load is calculated by 
using the following equation:  
 
                                                                          
 

            
  

 
                         

       

    
     

    

    
       

   

  
 

 

            
  

 
                         

       

    
     

    

    
      

   

  
 

 
The annual load contributed as a result of Joe’s Wash and Wax discharges is calculated 
to be 19.04 lbs/year for Nitrogen and 3.81 lbs/year for Phosphorus. 
 
Alternate Method 
 
As it turns out, water billing records are not useful due to other water uses at the facility. 
So IDDE staff estimate flow in gallons per wash multiplied by the number of washes per 
business day to get the average daily flow. They then adjust the estimate to account for 
non-operating hours. 
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N-3: Floor Drains 
 

Definition: Floor or foundation drains illegally connected to the storm drain system.   
 

 
Photo credit: Regional Water Quality Control Board 

 

DISCHARGE CHARACTERISTICS 
 
 

Discharge Frequency 

 Intermittent (I) 
 
Mode of Entry 

 Direct – through a straight pipe 
 
Method(s) of Detection  

 Dye Testing 

 Nutrient Source Sampling 

 Smoke Testing 

 Televising 

 Visual Inspection 
 
Regulated Discharge 

 MS4 permit (IDDE) 
 
 
 
 
 
 
 
 

Elimination Methods 

 Pipe reconnection to the sanitary 
sewer system 

 
Crediting Protocol  

 Protocol 1 
 
Sampling Requirement 

 Two replicate samples of nutrient 
concentration prior to reconnection, 
and a reliable estimate of flow and 
duration associated with discharge 

 
Verification Requirements 

 Inspection to confirm reconnection 

 Optional confirmation screening at 
the site once a year for two years 



Final Expert Panel Report on Removal Rates for the Elimination of 
Discovered Nutrient Discharges from Grey Infrastructure 

 

52 
 

DISCHARGE CREDITING 
 

Floor drain discharges are credited under Protocol 1. Flow rates and pollutant 
concentrations will vary based on the nature of the discharge. As a result, these 
discharges require direct monitoring to establish the credit and there are no default 
values available. The annual load contribution from the discharge is calculated by using 
the following equation:  
 
                                                                         
 
Average Daily Flow is estimated by determining the amount of gallons used in a typical 
cleaning and the number of times a day the shop floor is hosed down. 
 

                   
       

     
 
      

   
 

 
Flow Duration is calculated by determining the number of days per week the business or 
institution is in operation and adjusting it for the number of weeks per year it is open.  
 

                     
    

  
 
     

    
          

 
If through interviews with the shop owners, business managers or previous knowledge 
of the business, the locality can demonstrate different values for any of the above 
variables; those should be used as replacements in the above equation to determine the 
daily flow volume and the annual duration. The following example shows how a locality 
would calculate the load reduction under Protocol 1. 
 

DESIGN EXAMPLE 
 
A local house painting business hoses down the shop floor once each day at the end of 
the day. The business is in operation 5 days a week, 52 weeks a year. County staff were 
able to obtain replicate samples that measured the pollutant concentration of the 
discharge to be 2.90 mg/L of TN. Using these assumptions and estimating that the 
gallons used in the 1 wash event each day is 7.5 gpd we can complete the following 
equation to determine the annual flow duration and annual pollutant load as follows: 
 

                      
    

  
   

     

    
    

    

  
 

 

                    
  

 
    

   

   
 
                 

    
    

    

    
      

   

    
 

 
The annual load contributed from the local house painting business is calculated to be 
0.05 lbs/year of Nitrogen. 
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N-4: Miscellaneous High Nutrient Discharges 
 
Definition: This discharge category applies to other non-sanitary, high-nutrient 
discharges that are discovered during nutrient-based outfall screening. The most 
common so far has been nutrient-associated cleaning agents used to keep outdoor 
HVAC systems functioning. Some other high nutrient discharges may include routine 
fire engine washing, restaurant cleaning operations, metal plating operations and 
radiator fluid discharges; however, direct monitoring of flows and concentration are 
required to establish the credit.   
 

 
Photo credit: Center for Watershed Protection 

 

DISCHARGE CHARACTERISTICS 
 

 
Discharge Frequency 

 Intermittent (I) 
 
Mode of Entry 

 Direct – can be directly tied into the 
storm drain system 

 Indirect – generated outside the 
storm drain system and enters 
through the storm drain inlet 

 
Discovery Methods  

 Dye Testing 

 Nutrient Source Sampling 

 Rooftop Inspection 
 
Regulated Discharge 

 Regulated, under an IDDE 
program and MS4 permit 

 
 

Elimination Methods 

 Pipe reconnection to the sanitary 
sewer system 

 Pollution prevention: change in 
cleaning agents 

 
Crediting Protocol  

 Protocol 1 
 
Sampling Requirement  

 Nutrient sampling is required, and 
flows can be estimated 

 
Verification Requirements: 

 Confirmation inspections 

 Optional confirmation screening at 
the site once in the following year 
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DISCHARGE CREDITING 
 

Miscellaneous high nutrient discharges are credited under Protocol 1. Flow rates and 
pollutant concentrations will vary based on the nature of the discharge. As a result, 
these discharges require direct monitoring to establish the credit and there are no 
default values available.  
 
The annual load contribution from the discharge is calculated by using the following 
equation:  
 

                                                           
 
The following example shows how a locality would calculate the load reduction under 
Protocol 1. 
 

DESIGN EXAMPLE 
 
During a routine outfall investigation Bay County discovered a miscellaneous high 
nutrient discharge. Upon further investigation, the County was able to trace it back to a 
downspout from an industrial building. Upon receiving access to the building’s rooftop, 
county employees discovered an HVAC discharge system, the condensate from which 
was draining to a roof drain that fed the building’s downspout. Upon further 
investigation County staff determined that the cooling system was being treated with an 
antimicrobial solution high in nitrogen. Education and outreach efforts to the building 
maintenance staff resulted in a switch to a nitrogen-free antimicrobial solution. The 
rooftop drain was inspected annually, for 2 years, to ensure that the AC condensate was 
nutrient free. A high nutrient discharge did not recur and so the credit was maintained. 
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N-5: Sanitary Direct Connection 
 
Definition: A sewer pipe that is improperly connected to the storm drain system either 
through a cross-connection or from a straight pipe. This discharge category produces a 
continuous discharge of raw sewage into the storm sewer system or directly to a stream. 
 

 
Sewer Lateral Connected to the Storm Drain System (Walch, DelDOT) 

 

DISCHARGE CHARACTERISTICS 
 

Discharge Frequency 

 Continuous (C) 

 Intermittent (I) 
 
Mode of Entry 

 Direct – through a straight pipe or a 
cross-connection 

 
Discovery Method(s)  

 Dye Testing 

 GIS Risk Analysis 

 Nutrient-based Outfall Screening 

 Optical Brighteners 

 Sewage Sniffing Dogs 

 Smoke Testing 

 Televising 
 
Regulated Discharge 

 MS4 permit and/or 

 WW permit 
 
 

Elimination Methods 

 Pipe reconnection to the sanitary 
sewer system 

 
Crediting Protocol  

 Protocol 1  
 

Sampling Requirement 

 Must measure nutrient 
concentration at the source or 

 
Verification Requirements 

 Confirmation inspection after 
reconnection 

 Annual outfall screening for at least 
two years (optional, when multiple 
discharges are suspected in storm 
drain) 
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DISCHARGE CREDITING 
 
Sanitary direct connections are credited under Protocol 1. 
 
There are two ways to take credit for eliminating sanitary direct connections under 
Protocol 1:  

1. Direct monitoring of the discharge characteristics or,  
2. Use default values for concentration along with field collection of flow values 

for the discharge 
DESIGN EXAMPLE 

 
Takoma Park is a Phase II community. The 550 acre Maple Ave outfall drainage, which 
drains to Sligo Creek, is suspect for multiple illegal discharges. In the summer, 2012, 
one of these inappropriate discharges was tracked down about ¼ mile upstream of the 
outfall. Dry weather monitoring was conducted at the outfall and the City recorded the 
following measurements: 
 

Takoma Park Illegal Discharge Measurements 
Flow (cfs) TN (mg/L) TP (mg/L) 

0.005 4.28 0.19 
 

The annual load was determined using the following calculation and was determined to 
be 42.13 lb/yr for total nitrogen and 1.87 lb/yr for total phosphorus as shown below. 
 
                                                                         
 

              
  

 
                         

       

    
     

    

    
       

   

  
 

 

             
  

 
                          

       

    
     

    

    
       

   

  
 

 
The City was able to correct the sewage break by reconnecting the discharge sources to 
the sanitary sewer system. Monitoring data in downstream storm drain annually for 
three years after the repair showed no flow after and credit was maintained. 
Alternatively, default values could be taken from Table 1 of the memo. The following 
summary table demonstrates the load reductions for each method.  
 

Summary of Sanitary Discharge Credits Using Protocol 1 
Method Pollutant 

Conc. (mg/L) 
Avg. Daily 
Flow (gpd) 

Conversion 
Factor  

Duration 
(days/yr) 

Annual 
Load (lbs/yr) 

User 
Defined 

TN 38.2 3,231 8.345 × 10-6 365 375.98 

TP 6.7 3,231 8.345 × 10-6 365 65.94 

Default 
Values 

TN 33.0 3,231 8.345 × 10-6 365 324.8 

TP 6.0 3,231 8.345 × 10-6 365 59.05 
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N-6: Sewer Pipe Exfiltration 
 
Definition: Loss of sewage from sanitary sewer pipes during dry weather through the 
groundwater matrix to the storm drain system as a result of cracks or leaks in sewer 
pipes. 
 

 
Photo credit: Amick and Burgess (2000) 

 

DISCHARGE CHARACTERISTICS 
 

 
Discharge Frequency 

 Continuous (C) or 

 Intermittent (I) 
 
Mode of Entry 

 Indirect – the discharge is 
generated outside the storm drain 
system and enters through the 
groundwater matrix 

 
Discovery Method  

 Dye Testing 

 Flow Metering 

 GIS Risk Analysis 

 Sewage Sniffing Dogs 

 Televising 

 Visual Inspection 
 

Regulated Discharge 

 NPDES WW permit and/or 

 MS4 Permit - IDDE 
Elimination Methods 

 Slip-lining of pipes 

 Pipe replacement 

 Manhole Sealing 
 
Crediting Protocol  

 Protocol 2 
 
Sampling Requirement 

 Six month before and after sewer 
metering to measure flow and 
nutrient concentrations 

 
Verification Requirements 

 Confirmation monitoring 
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DISCHARGE CREDITING 
 

Sewer Pipe Exfiltration discharges can be credited under Protocol 2. It requires before 
and after flow metering in the pipe to determine the change in sewage exfiltration as a 
direct function of the sewer repair, based on the decline in flow rate associated with the 
capital project. While it is allowable to use the sewage concentration default values, the 
credit is also subject to a discount factor. 
 
Discount factors 

 50% if project is within 150’ of stream or within 10 feet of a lower elevation storm 
drain pipe, 

 10% if project is greater than 150’ away from the stream or greater than 10’ feet from 
a lower elevation storm drain pipe to account for losses during groundwater 
migration 

 
DESIGN EXAMPLE 

 
The City of Salisbury has discovered a suspect aging 6 inch sewer main. Based on flow 
metering, the 4,000 foot network of sewer pipe experiences a 20% loss over this 
distance (from 7,500 gpd to 6,000 gpd).  
 
After a program of slip-lining, the loss dropped to 375 gpd. The City used the default 
values listed in Table 1 to calculate the load associated with the discharge. Since the 
project is located within 50 feet of an urban stream corridor, a discount factor of 50% is 
applied.  
 
                                                                         
 
Before Slip-lining Calculations 
 

            
  

 
                         

       

    
     

    

    
        

   

  
 

 

           
  

 
                         

       

    
     

    

    
       

   

  
 

 
After slip-lining loads are calculated in a similar manner but using 375 gpd for the average daily 
flow value. The results can be seen in the table below. 
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Reduction in Nutrient Loading from Sewage Pipe Exfiltration due to 
Infrastructure Improvements 

 TN (lbs/yr) TP (lbs/yr) 
Before Slip-lining 150.77 27.41 
After Slip-lining 37.69 6.85 
Reduction 113.10 20.56 
50% Discount Factor 56.54 10.28 

 
The City continues to monitor flow and concentration for six months after the 
improvements and since there is no increase in the flow or nutrient concentration of the 
remaining flow the credit is maintained. 
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N-7: Drinking Water Transmission Loss 
 
Definition: The loss of drinking water as it is delivered in pipes to the consumer that 
reaches the stream through storm drain pipes and/or groundwater migration. 
 

 
Photo credit: Baltimore City DPW 

 

DISCHARGE CHARACTERISTICS 
 
Discharge Frequency 

 Continuous (C) 
 
Mode of Entry 

 Indirect – the discharge is generated 
from pipes in the drinking water 
transmission lines and leaks from the 
pipes into the soils where it migrates to 
into the groundwater matrix.  
 

Discovery Method(s) 

 Flow Metering 

 Televising 

 Visual Inspection 
 
Regulated Discharge 

 Non-regulated (permit dependent) 
 
 
 
 
 
 

Elimination Methods 

 Slip-lining of pipes 

 Pipe replacement 

 Pipe upgrades 
 
Crediting Protocol  

 Protocol 2 
 
Sampling Requirement 

 Six months of before and after pipe 
metering to measure change in flow 

 Nutrient concentrations can be 
derived from consumer confidence 
reports (CCR) produced by the 
drinking water utility 

 
Verification Requirements 

 Flow monitoring at the site of repair 
and above and below the problem 
water line for one year   
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DISCHARGE CREDITING 
 

Protocol 2 is used to obtain credit for eliminating discharges as a result of drinking 
water transmission loss. It requires before and after flow metering in the pipe to 
determine the transmission loss above and below the problem pipe section.  
 
The nutrient concentration associated with drinking water is directly derived from the 
water quality monitoring data that is summarized in the most recent consumer 
confidence reports prepared annually by the local drinking water utility. The final 
credited load is discounted to reflect that not all transmission loss reaches the stream, as 
follows:  

 By 50% if project is within 150’ of stream or within 10 feet of a lower elevation storm 
drain pipe, 

 By 10% if project is further away to account for the lack of full understanding of 
groundwater migration 

 
The following example shows how a locality would calculate the load reduction under 
Protocol 2 using typical values from Table 1 of this memo. However the default values 
used here are for example purposes only, localities are required to collect their own 
concentration data from consumer confidence reports from their local drinking water 
plants.  
 

DESIGN EXAMPLE 
 
A Bay City has discovered that one of the water mains from its drinking water plants is 
delivering significantly less water than is being transmitted. Based on flow metering, the 
4,000 foot network of water pipe experiences a 20% loss over this distance (from 7,500 
gpd to 6,000 gpd). After a program of slip-lining, the loss dropped to 375 gpd. The City 
knew the nitrogen content of the water from the testing done at the plant and used that 
number to calculate the load associated with the discharge. Since the project is located 
within 50 feet of an urban stream corridor, a discount factor of 50% is applied.  
 
                                                                         
 
Before Slip-lining Calculations 
 

             
  

 
                         

       

    
     

    

    
      

   

  
 

 

             
  

 
                         

       

    
     

    

    
      

   

  
 

 
After slip-lining loads are calculated in a similar manner but using 375 gpd for the average daily 
flow value. The results can be seen in the table below. 
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Reduction in Nutrient Loading from Drinking Water Pipe Exfiltration due to 
Infrastructure Improvements 

 TN (lbs/yr) TP (lbs/yr) 
Before Slip-lining 7.77 1.37 
After Slip-lining 1.94 0.34 
Reduction 5.80 1.03 
50% Discount Factor 2.91 0.51 

 
The City continues to monitor flow for six months after the infrastructure improvements 
to confirm that the flow reductions in the pipe segment are maintained over  time in 
order to verify the credit. 
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N-8: Dry Weather Sanitary Sewer Overflows 
 
Definition: A sanitary sewer overflow that occurs during dry weather periods as a 
function of either a blockage or defect in the sanitary sewer system. 
 

 
Photo credit: Bill Stack, CWP 

 

DISCHARGE CHARACTERISTICS 
 

Discharge Frequency 

 Transitory (T) 

 Intermittent (I) 
 
Mode of Entry 

 Indirect – the overflow may either 
enter through the storm drain system 
or directly discharge to the stream. 

 
Discovery Method(s)   

 CMOM 

 Hotline Complaints 

 Overflow Reporting 

 Risk Assessment: analysis of the 
businesses in the sewershed and pre-
treatment activity 

 System Maintenance Records 

 Visual Inspection 
 
Regulated Discharge 

 NPDES WW permit 

 MS4 Permit – IDDE  
 

Elimination Methods 

 FOG Reduction Programs 

 Pretreatment Requirements 

 Sewer Realignment 

 Pipe Replacement 

 Manhole Casing 
 
Crediting Protocol  

 Protocol 3 
 
Monitoring Requirement 

 Two years of before and after tracking 
of the number and flow volume of 
sanitary sewer overflows within the 
sewershed 

 
Verification Requirements 

 See monitoring requirement above 
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DISCHARGE CREDITING 
 
Protocol 3 is used to obtain credit for a systematic reduction and elimination of dry 
weather sanitary sewer overflows in a sewershed. It requires before and after monitoring 
of the volume and frequency of the sanitary sewer overflows within a sewershed for a 
period of at least 4 years.  
 
The following example shows how a locality would calculate the load reduction under 
Protocol 3.   
 

DESIGN EXAMPLE 
 
The City of Norfolk, VA has instituted a FOG reduction program in a 1,200 acre 
sewershed in its Central Business District. Based on historical data, 123 dry weather 
sanitary sewer overflows were reported on average per year, with a cumulative overflow 
volume of 125,000 gallons per year. After the implementation of a FOG program, the 
average frequency of dry weather sanitary sewer overflows decreased to 25 and the 
cumulative overflow volume dropped to 25,000 gallons per year.  
 
Using the default values for Nitrogen and Phosphorus associated with dry weather 
sanitary sewer overflows (Table 1) the City determines the nutrient loading before and 
after the implementation of their FOG program.  
 

                                                         
 
Before FOG Program Calculations 
 

              
  

 
                           

       

    
        

   

  
 

 

             
  

 
                           

       

    
       

   

  
 

 
After FOG program implementation loads are calculated in a similar manner but using 25,000 
gpy for the annual flow value. The results can be seen in the table below. 
 

Reduction in Nutrient Loading from Overflows due to FOG Program 
 TN (lbs/yr) TP (lbs/yr) 
Before FOG Program 34.42 6.26 
After FOG Program 6.88 1.25 
Reduction 27.5 5.01 

 
No discount in the credit is taken.  
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