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DISCLAIMER  

 

 

 

This model program document was developed to assist states in developing and implementing a 

model program for managing onsite systems with the goal of minimizing nitrogen impacts to the 

Chesapeake Bay.  It was developed to assist states in the management of onsite wastewater 

systems to address nutrient pollution in surface waters when such systems are not otherwise 

regulated under the National Pollution Discharge Elimination System (NPDES) program, which 

regulates point source discharges to waters of the United States.  This document does not address 

the management of onsite systems for the purpose of protecting underground sources of drinking 

water, which is the subject of the Safe Drinking Water Actôs Underground Injection Control 

(UIC) program.   

 

The model program reflects EPAôs latest research and recommendations on the reduction of 

nitrogen pollution using different onsite system technologies.  This document does not establish 

any binding requirements, nor does it change or substitute for any legal requirements under 

which states and municipalities regulate onsite systems.  Whether and to what extent a state or 

local government chooses to implement the recommendations contained in this document is a 

decision that is ultimately left up to the state or local government.    

 

This model program is not a rule, is not legally enforceable, and does not confer legal rights or 

impose legal obligations upon any member of the public, EPA, states, or any other agency.  In 

the event of a conflict between the discussion in this document and any statute or regulation, this 

document would not be controlling.  The word ñshouldò as used in this document does not 

connote a requirement, but does indicate EPAôs recommendations for establishing a model 

program to manage onsite systems.   

 

EPA may decide to revise this document without public notice to reflect new data or advances in 

onsite technologies, to reflect changes in EPA's recommendations, or to clarify and update text.  

EPA is also interested in receiving comment or feedback on this document at any time, and will 

consider making revisions to reflect such comments or feedback.    

 

The mention of trade names, specific vendors, or products does not represent an actual or 

presumed endorsement, preference, or acceptance by EPA or the federal government. 
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EXECUTIVE SUMMARY  

 

The management of onsite systems plays an important role in the ongoing restoration of the 

Chesapeake Bay.  In support of the restoration efforts, the U.S. Environmental Protection 

Agency (EPA) has prepared this document to provide recommendations to states and local 

communities on how to develop and implement a model program for the management of onsite 

wastewater disposal systems to protect water quality in the Bay.  The recommendations are 

based on existing EPA documents regarding onsite systems, as well as best practices currently 

used both by the Chesapeake Bay watershed states and other states across the country. 

 

It is recognized that, while Bay restoration efforts have been ongoing for some time, water 

quality in parts of the Bay still does not meet applicable water quality standards.  President 

Obamaôs Executive Order on Chesapeake Bay Protection and Restoration, issued on May 12, 

2009, along with the Chesapeake Bay Total Maximum Daily Load (TMDL) issued by the EPA, 

is designed to accelerate the actions needed to limit pollution inputs and restore the Bay (EPA, 

2010c).  The TMDL is a historic and comprehensive ñpollution dietò set at the level necessary to 

clean up the Chesapeake Bay and its tidal tributaries.  The TMDL identifies a 25% reduction in 

nitrogen inputs to the Bay and a maximum nitrogen load to the Bay of 185.9 million pounds per 

year.   

 

To support the development of the TMDL, states in the Bay watershed developed Watershed 

Implementation Plans (WIPs) detailing the actions they would take to reduce nitrogen, 

phosphorus, and sediment inputs to the Bay.  The WIPs evaluate a range of opportunities to 

reduce nutrient inputs to the Bay, including reductions from agriculture sources, point source 

discharges such as municipal wastewater treatment facilities, stormwater discharges, and onsite 

wastewater disposal systems, which are the focus of this document.  EPA is committed to 

working with state and local partners to achieve the nitrogen reductions from onsite systems 

identified in the TMDL.  Although the District of Columbia is also required to develop a WIP, it 

does not have any onsite systems, only municipal sewers. 

 

Onsite wastewater systems (also called septic systems or decentralized systems) are not the 

largest source of nutrients to the Bay, but they do contribute approximately six percent of the 

overall nitrogen load to the Bay (EPA, 2010c).  While phosphorus reductions are also identified 

in the TMDL, the focus of this document is on technologies and practices for reducing nitrogen 

discharges from onsite systems because phosphorous does not move as readily as nitrogen in 

subsurface soils.   

 

Nitrogen discharges from onsite systems can be mitigated through advanced technologies and 

improved design, installation, and management practices.  Traditional septic systems discharge 

approximately 9 pounds (lb)/person/year (yr) or 4 kilograms (kg)/person/yr of nitrogen from the 

drainfield into groundwater which, over time, flows into Chesapeake Bay or one of its 

tributaries.  Alternative treatment components can be added to a traditional system, often 

between the septic tank and the drainfield, and can reduce this nitrogen load by 50%.  This 

provides a treated effluent with a total nitrogen concentration of approximately 20 mg/L.  Using 

a combination of treatment components will further reduce nitrogen and can provide an effluent 

concentration of 10 mg/L or even 5 mg/L.  A variety of technologies exist that provide this level 
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of treatment, and the available technologies and their performance are expected to increase over 

time (EPA 2010a, Rich, 2005). 

 

States looking to reduce the nitrogen impacts from onsite systems are encouraged to establish a 

performance-based approach involving use of these alternative treatment systems.  The level of 

treatment specified should depend on the extent of nitrogen reduction that is needed to meet the 

goals within a stateôs WIP.  To support the statesô efforts, EPA provides the following 

recommended nitrogen treatment approach that could be adopted in whole or in part by each 

state.  This suggested approach (see Table EX-1) recognizes the comparatively higher pollution 

risk posed by onsite systems that are closer to the Bay or its tributaries.  Using this approach, a 

state would adopt higher levels of treatment in areas in close proximity to the Bay, including 

tidal portions of the tributaries to the Bay, with less treatment recommended higher up within the 

watershed (Table EX-1). 

 

Table EX-1:  Summary of Recommended Onsite System Nitrogen Treatment Approach 

Horizontal Distance from the Bay or 

a tributary
1
 

Recommended Nitrogen Treatment  

0 - 100 feet   No discharge of onsite system effluent  

100 - 200 feet 5 mg/L for total nitrogen 

200 - 1,000 feet  10 mg/L for total nitrogen 

Beyond 1,000 feet 20 mg/for total nitrogen 
The horizontal distance, or setback, extends from the dispersal system to the ordinary high water mark of the 

Chesapeake Bay, or the tidal portion of any tributary to the Bay.   

 

The approach is designed to apply to all existing and future onsite systems in the watershed.  For 

the existing systems, an inspection and upgrade program should be implemented to identify and 

document the extent of upgrade necessary for each onsite system as conventional systems are not 

capable of meeting the recommended level of treatment.  This inspection process will also 

identify and facilitate the upgrade of currently malfunctioning systems that are releasing 

untreated effluent to the ground surface or directly into the Bay.  States will want to consider the 

timing for upgrading existing systems to make them consistent with these recommendations and 

to support the nitrogen reduction goals in their WIP.   

 

To properly manage nitrogen treatment systems, state and local authorities should implement 

specific requirements guiding their siting, design, construction, and operation and maintenance 

(O&M) oversight.  The strategies and recommendations provided here recognize the increased 

complexities associated with managing nitrogen treatment systems, and could be used to update 

regulatory and management requirements at the state and local levels to achieve the needed 

nitrogen reductions set forth in each stateôs WIP. 

 

EPA previously developed five onsite system management models in the publication titled 

Voluntary National Guidelines for Management of Onsite and Clustered (Decentralized) 

Wastewater Treatment Systems (EPA, 2003a).  These templates, or models, were designed for 

use by state and local officials to provide the appropriate local level of oversight via different 

ownership or O&M methods.  They range in complexity from homeowner management of their 

onsite systems, to ownership of onsite systems on private property by a Responsible 
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Management Entity (RME) that assumes the operation, maintenance, and replacement of the 

systems as necessary. 

 

Since meeting nitrogen reduction recommendations is critical in the Chesapeake Bay Watershed, 

Model 3 from the Voluntary Guidelines Document (EPA, 2003a) discussed above is the 

recommended minimum level of management for advanced onsite treatment systems.  If a state 

adopts the Model 3 approach, a property owner would be issued an operating permit for their 

system that details the level of performance required, and includes a provision that the system be 

maintained by a qualified service provider.  The operating permits issued under the Model 3 

approach should require regular monitoring and provide the level of oversight needed to ensure 

that nitrogen reductions are achieved.  This model provides greater accountability compared to 

traditional regulatory approaches that only oversee the construction of onsite systems and can be 

useful in demonstrating that TMDL reduction goals are being met.   

 

Management Model 4 is recommended by EPA as the minimum level of management for 

clustered systems with multiple owners and in situations where advanced technology is needed 

to achieve significant nitrogen reductions such as meeting a 10 mg/L or 5 mg/L effluent 

concentration.  This model provides for frequent and highly reliable O&M through an operating 

permit issued to an RME, a designated legal entity that has the technical, managerial, and 

financial capacity to ensure viable, long-term O&M of all systems within their jurisdiction (EPA, 

2003a).  In this model, property owners retain ownership of their systems, while the RME 

coordinates system inspections, performs required maintenance, and ensures the effective 

operation of their systems.  An RME management approach might be appropriate for 

economically disadvantaged communities where funding could be acquired to support nitrogen 

reduction systems for property owners who may be challenged to support this service on their 

own.   

 

The choice of a management approach depends on the goals a state or local agency sets for 

nitrogen reduction balanced against the associated O&M and record keeping needed to meet 

these goals.  While each model can stand on its own, state and local agencies can also use more 

than one management model within a jurisdiction or use elements of individual models as 

appropriate for their circumstances.   

 

This document also provides information on additional model program components relating to 

the inspection and upgrade process, site evaluation and design protocols, system O&M and many 

of the programmatic elements needed to support a successful onsite system management 

program.  It also provides recommendations for the approval and verification of advanced 

treatment systems and suggested programmatic elements to support the management of onsite 

systems designed to treat for nitrogen.   

 

A series of reference materials and tools are included as attachments to the document and were 

prepared in support of the model program components discussed in the document.  The key 

attachments include: 

 

¶ Model regulatory language for key components of the model program components, 

providing materials that could be used to update current state or local regulations; 



 

A Model Program for Onsite System Management in the Chesapeake Bay Watershed  November 2012 

 4  

¶ A draft reciprocity agreement that could be used by watershed states to more efficiently 

verify and approve new wastewater treatment technologies that could provide nitrogen 

treatment; 

¶ An overview of the nitrogen treatment technologies currently available, including data on 

where their use has been approved and the extent of treatment they provide; and 

¶ A checklist of the recommended components of a model onsite program, keyed to this 

document, to allow users to identify where specific issues in the document are discussed. 

 

The states and communities within the Chesapeake Bay Watershed face significant challenges in 

restoring water quality within the Bay.  They should consider the nutrient impacts from 

municipal and industrial dischargers, agriculture, onsite systems and stormwater inputs among 

others.  The goal of this model program document is to support ongoing efforts to improve the 

management of onsite wastewater disposal systems in a way that minimizes nitrogen impacts to 

the Bay in as efficient and effective manner as possible.   
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1.0 OVERVIEW OF THE MODEL PROGRAM  

 

1.1. Introduction  

 

President Obamaôs Executive Order on Chesapeake Bay Protection and Restoration, issued on 

May 12, 2009, declares that the ñChesapeake Bay is a national treasure constituting the largest 

estuary in the United States and one of the most biologically productive estuaries in the world.ò  

The Bayôs 64,000-square-mile watershed spans parts of six states and the District of Columbia 

and is home to approximately 17 million people.  There are over 100,000 miles of creeks, 

streams, and rivers which run through the watershed and ultimately flow into the Bay.  The 

Bayôs watershed is 14 times the area of the Bay, a ratio much higher than any other comparable 

watershed in the world, making the Bay highly susceptible to impacts from nutrient (including 

nitrogen and phosphorus) and sediment inputs associated with agriculture, development, 

transportation, and wastewater.  

 

Despite several decades of significant efforts to improve water quality, parts of the Bay still do 

not meet their applicable water quality standards.  The Presidentôs Executive Order, along with 

the Chesapeake Bay Total Maximum Daily Load (TMDL), issued by the U.S. Environmental 

Protection Agency (EPA) on December 29, 2010, are designed to accelerate the actions needed 

to limit pollution inputs and restore the Bay (EPA, 2010c).  The TMDL is a historic and 

comprehensive ñpollution dietò set at the level necessary to clean up the Chesapeake Bay and its 

tidal tributaries.  The TMDL identifies a 25% reduction in nitrogen inputs to the Bay and a 

maximum nitrogen load to the Bay of 185.9 million pounds per year (see Attachment A for 

further detail).   

 

To support the development of the TMDL, states in the Bay watershed developed Watershed 

Implementation Plans (WIPs) detailing the actions they would take to reduce nitrogen, 

phosphorus, and sediment inputs to the Bay.  The WIPs evaluate a range of opportunities to 

reduce nutrient inputs to the Bay, including reductions from agriculture sources, point source 

discharges such as municipal wastewater treatment facilities, stormwater discharges, and onsite 

wastewater disposal systems, which are the focus of this model program document.   

 

Onsite wastewater disposal systems (also called septic systems or decentralized systems) 

contributed approximately six percent of the overall nitrogen load to the Bay as of 2009 (EPA, 

2010c).  While they are not the largest source of nutrients to the Bay, a reduction in this load is 

an important part of the effort to improve Bay water quality.  EPA developed this model program 

to provide state-of-the-art treatment, management, and operational recommendations that states 

and local communities can use if they are interested in reducing onsite system nitrogen impacts 

to the fullest.  It is designed to facilitate collaboration with state and local partners in promoting 

nitrogen reductions from onsite systems in support of the TMDL and in conformance with each 

stateôs WIP.  

 

It is understood that full application of the recommendations in the model program represents a 

significant investment for a state or local program.  The degree to which each state adopts these 

recommendations will depend on its individual plan for onsite system management relative to its 

plans for nitrogen reductions associated with wastewater treatment plants, stormwater runoff, 
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and agricultural practices.  By providing this model program, EPA is working to fulfill its 

responsibilities under Section 202(a) of the Presidentôs Executive Order by defining ñthe next 

generation of tools and actions to restore water quality in the Chesapeake Bay.ò 

 

1.2. Onsite System Nitrogen Management 

 

Approximately 2.3 million onsite systems are used in the Chesapeake Bay Watershed, and this 

number is expected to increase 35% to 3.1 million over the next 20 years (EPA 2009a).  The 

Chesapeake Bay Program (CBP) has modeled the impacts of these onsite systems to the 

Chesapeake Bay over time, and as mentioned above, they provide approximately 3.2% of the 

2009 nitrogen load impacting the Bay.   

 

To understand the effectiveness of advanced nitrogen treatment systems, it is useful to discuss 

the movement of nitrogen through a conventional septic system.  A conventional system includes 

a septic tank that collects the effluent from a home or business and a drainfield that disperses the 

effluent to the subsurface (Figure 1).  It receives effluent from a variety of sources including 

from toilet flushing, sink and shower drains, and washing machines.  According to the Water 

Environment Research Foundation, nitrogen concentration in the influent entering the onsite 

system will vary, but typically averages about 60 mg/L (Lowe et al., 2009).  The CBP model 

documentation (EPA 2010c), also recognizes that the influent concentration can vary and states 

that the nitrogen loading rate is typically between 11 and 13 pounds (lb) nitrogen (N)/person/year 

(yr) or five to six kilograms (kg) N/person/yr.   

 

 
Figure 1.  Traditional Onsite System 

 

The CBP model also assumes that the load of nitrogen leaving the septic system drainfield 

averages approximately 9 lb N/person/yr (4 kg N/person/yr) for conventional onsite systems.  

This is based on the same water use of 75 gallons/person/day, and a nitrogen concentration of 39 
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mg/L in the effluent leaving the drainfield, prior to any dilution from precipitation recharge or 

dilution in the underlying groundwater (EPA 2010c).  The reduction between the septic tank and 

the drainfield is attributed to ammonia volatilization and settling of nitrogen solids in the septic 

tank.  The model then assumes that 40% of this load actually reaches the Bay, with the rest lost 

to attenuation through denitrification in shallow groundwater or at the groundwater surface water 

interface, or through plant uptake (EPA 2010c). 

 

Alternative treatment components can be added to a traditional system, often between the septic 

tank and the drainfield, to provide advanced treatment of nitrogen (Figure 2).  Most of these 

systems can reduce nitrogen effluent concentrations and associated loads from conventional 

systems by approximately 50% relative to the 9 lb N/person/yr (4 kg N/person/yr) loading rate 

currently used in the CBP model (see Attachment B).  Many alternative systems provide a 

treated effluent with a total nitrogen concentration of approximately 20 mg/L or a load reduction  

of 4 lb N/person/yr (2 kg N/person/yr).  Some systems have a combination of treatment 

components that can treat to a final concentration of 10 mg/L or even 5 mg/L (EPA 2010a, Rich, 

2005) resulting in even greater load reductions (Table 1).  Further information regarding 

available treatment technologies, including the level of treatment they may provide, and the 

locations where they are approved for use, is provided in Attachment B.   Additionally, a 

literature review and summary of the performance of many of these systems was developed as 

part of the Guidance for Federal Land Management in the Chesapeake Bay Watershed prepared 

by EPA in response to the Presidentôs Executive Order (EPA, 2010a). 

 

 
Figure 2.  Onsite System with Nitrogen Treatment 
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Table 1.  Nitrogen Load Reductions Provided Through Advanced Treatment 

Type of System 

Nitrogen 

Discharge
1
 

Concentration 

(mg/L) 

Load 

Reduction 

Provided 

Loading 

(per 

person/yr)  

Nitrogen 

Reduction 

(per 

person/yr) 

Treatment 

Cost for 

Upgrading 

System 
kg Lb kg Lb 

Conventional System 39 0% 4 9 0 0 N/A
2
 

Advanced Treatment  20 49% 2 5 2 4 
$5,000-

$9,0000 

Advanced Treatment 

with Denitrification 
10 74% 1 2 3 7 

$10,000-

$15,000 

Advanced Treatment 

with Denitrification 

and Drip Irrigation 

5 87% 0.5 1 3.5 8 
$15,000-

$20,000 

1
 This is the concentration of wastewater leaving the onsite system.  

2. The average capital cost per household for a conventional onsite system is $5,000 to $6,000. 

 

Many states looking to reduce the nitrogen impacts from onsite systems are proposing the use of 

alternative treatment systems.  The level of treatment recommended by each state depends on the 

extent of reduction that is needed to meet the goals within their WIP.  To support the statesô 

efforts, the model program provides a recommended approach for nitrogen treatment that could 

be adopted in whole or in part by each state.  As described in Section 2, the approach includes 

advanced nitrogen treatment systems for all onsite systems within the Bay watershed, with 

higher levels of nitrogen removal recommended for areas in close proximity to the Bay and its 

tidal tributaries.   

 

Nitrogen treatment systems involve additional equipment and added operation and maintenance 

(O&M) oversight, adding to the complexity of operation for the owner and to the level of 

oversight needed from the regulatory authority.  The strategies and recommendations in this 

document recognize these increased needs and could be used to update regulatory and 

management rules for onsite systems at the state and local levels to achieve the nitrogen 

reductions set forth in the TMDL and discussed in each stateôs WIP. 

 

Onsite systems also produce phosphorus; however, compared to nitrogen, phosphorous does not 

move as readily in subsurface soils or groundwater.  The phosphorus loadings to the Bay from 

municipal and industrial dischargers or agricultural sources are therefore much more significant 

than those from onsite systems.   

 

Phosphorus discharged from a properly functioning onsite system will attach to the subsurface 

soils below a drainfield and will not migrate far into the underlying groundwater system.  As 

such, the focus of this document is on nitrogen, which moves easily through the subsurface and 

can travel significant distances to the Chesapeake Bay or one of its tributaries.   
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1.3. How to Use the Model Program 

 

The Model Program focuses on the Chesapeake Bay Watershed states and the optimization of 

their existing onsite system management programs to promote nitrogen removal and therefore 

protect the Bay.  However, the recommended nitrogen treatment approach and design and 

management components described here may also be of use to states and other watersheds that 

face similar nitrogen management issues.  If used elsewhere, consideration should be given to 

local factors that influence nitrogen transport and attenuation in groundwater, including soil type 

and permeability, depth to groundwater and the presence or absence of anoxic zones in 

groundwater that may increase nitrogen attenuation.   

 

The model program is presented in a modular fashion so users can select specific performance 

recommendations or design and management components to incorporate into their existing 

programs.  Sections 2-4 of the document describe a series of model program components for 

consideration by states.  In Section 2, a recommended nitrogen treatment for the watershed is 

described with varying levels of treatment suggested based on the proximity of an onsite system 

to the Bay.  Section 3 discusses the selection of an appropriate management system to ensure 

proper operation of onsite systems that provide nitrogen treatment, as well as, documentation of 

nitrogen reductions produced by onsite system upgrades.  Section 4 provides information on 

additional components associated with the inspection and upgrade process, site evaluation and 

design protocols, system O&M, and many of the programmatic components that can support a 

successful onsite system management program. 

 

EPA recognizes that states are using different strategies depending on their proximity and 

estimated impact to the Bay.  States and jurisdictions adjacent to the tidal waters associated with 

Chesapeake Bay include Delaware, Maryland, Virginia, and the District of Columbia.  Other 

states in the Bayôs watershed located in non-tidal areas include New York, Pennsylvania, and 

West Virginia.  These states contain numerous miles of headwater streams and rivers that flow 

into the Bay.  They acknowledge the need to reduce nutrient inputs to the Bay from onsite 

systems and other sources, but are not planning to achieve the same level of nitrogen reduction to 

the Bay from improvements to onsite systems as those states directly bordering the Bay. 

 

The nitrogen treatment approach recommended in Section 2 could pose a financial burden for 

some communities and individual residents, particularly for those in historically underserved or 

economically disadvantaged communities.  EPA encourages regulatory authorities and 

community governments to consider various opportunities of funding assistance for such 

residents to lessen the costs associated with upgrading and maintaining onsite systems.   These 

opportunities may include allocating nitrogen credits achieved in other programs (Section 4.11) 

to economically disadvantaged communities to minimize the number of onsite system upgrades 

required from these communities.  In addition, regulatory authorities and community 

governments may wish to target their outreach efforts and prioritize funding for historically 

underserved or economically disadvantaged communities.  Information on funding opportunities 

is provided in Section 4.13.   

 

References to EPA documents and programs for onsite system management are provided 

throughout the document.  In addition, a series of reference materials and tools to help states 
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implement the recommendations within the document have been developed.  These include the 

following attachments: 

 

¶ Attachment A:  The regulatory and scientific framework for onsite system management 

in the Chesapeake Bay Watershed; 

¶ Attachment B:  A matrix summarizing available alternative treatment technologies for 

onsite systems; 

¶ Attachment C:  An annotated bibliography to assist users in finding references and 

weblinks relevant to their needs; 

¶ Attachment D:  A checklist or map to this document designed to allow the user to 

compare their regulatory program to the recommendations in this document; 

¶ Attachment E:  Model regulatory language to implement the key recommendations in 

the document; 

¶ Attachment F:  A model state reciprocity agreement to support the adoption of 

alternative technologies already verified in other states; and 

¶ Attachment G:  Case studies showing successful implementation of key components of 

a model program. 

 

 

2.0 RECOMMENDED NITROGEN TREATMENT APPROACH FOR ONSITE SYSTEMS 

 

EPA recommends the following nitrogen treatment approach for onsite systems for use in the 

Chesapeake Bay watershed.  The approach provides for a tiered, risk-based approach for 

nitrogen management consistent with that provided in the Agencyôs Guidance for Federal Land 

Management in the Chesapeake Bay Watershed (EPA, 2010a) for the management of federal 

lands and federally-owned onsite systems within the watershed.  Specific nitrogen reduction 

goals are recommended based on the proximity of a site to the Bay (or a tributary), recognizing 

that there is a greater potential for attenuation of nitrogen for onsite systems located farther from 

the Bay.  The approach of suggesting additional management closer to the Bay is also consistent 

with the system used by the Maryland Critical Areas Commission, which increases management 

of areas within 1,000 feet of the Bay.  Therefore, increased nitrogen treatment is recommended 

for systems in close proximity to the Bay or a tidal tributary. 

 

If fully implemented, the approach recommended below will reduce nitrogen impacts from 

onsite systems by over 50%.  Full application would include all existing and new onsite systems 

to provide nitrogen treatment to meet a total nitrogen concentration of 20 mg/L or less, resulting 

in a 4 lb/person/yr (2 kg/person/yr) nitrogen loading reduction.   

 

The level of nitrogen treatment or removal recommended under this approach is determined by 

the proximity or distance of an onsite system to the Bay or the tidal portion of its tributaries.  The 

horizontal setback used in this approach is defined by the distance between the closest edge of 

the drainfield and the ordinary high water mark of the Chesapeake Bay or the tidal portion of any 

tributary to the Bay.  Please note that recommended levels of treatment described here could be 

employed in other nitrogen sensitive embayments outside of the Chesapeake Bay Watershed 

where similar conditions exist for nitrogen transport in groundwater. 
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The recommendations proposed below are based, in part, on a recognition that the potential for 

attenuation, or remediation of nitrogen prior to discharge into the Bay increases with distance to 

the Chesapeake Bay or a tidal tributary.  Nitrogen attenuation can occur as groundwater 

intersects a freshwater stream, lake or wetland, or, in some cases, where onsite system effluent is 

migrating through shallow anoxic groundwater and sufficient organic carbon is present in the 

subsurface sediments to facilitate the denitrification process.  The closer onsite systems are to the 

shoreline of the Chesapeake Bay, the lower the potential for such attenuation to take place.  

Nitrogen attenuation depends on local conditions such as the depth to groundwater, groundwater 

flow patterns, the residence time of groundwater in potential treatment zones, the type of soils 

present, and the proximity of surface water features to the discharges.  States may want to take 

these conditions into account in their onsite system selection criteria and siting requirements.  In 

cases where states have determined that little or no nitrogen attenuation occurs between the 

discharge point(s) and receiving waters, they may want to set a stricter discharge concentration 

level to ensure the requisite nitrogen removal goals are being met.  States should also consider 

other local water quality impacts, such as impacts to private or public drinking water supplies as 

they select their nitrogen treatment approach.  Some onsite systems are subject to regulations 

under the Underground Injection Control program established by the Safe Drinking Water Act to 

prevent endangerment to underground sources of drinking water.  

 

The recommendations are designed to apply to all systems currently existing in the watershed or 

planned for the future.  For the existing systems, an inspection and upgrade program is 

recommended to identify and document the extent of upgrades necessary for each onsite system.  

This process is discussed in Section 4.1.  Along with identifying systems needing nitrogen 

treatment, the inspection process will also identify and upgrade conventional systems that are 

malfunctioning and discharging wastewater effluent to the ground surface, directly to the Bay, or 

to a tributary.  States may want to consider the timing for upgrading existing systems to provide 

the nitrogen reduction needed to meet their proposed levels and to support the nitrogen reduction 

goals in the TMDL.  At a minimum, EPA recommends that all new onsite systems incorporate 

nitrogen treatment systems. 

 

The recommended nitrogen treatment levels are described below: 

 

¶ 0 - 100 feet:  No discharge of onsite system effluent should be allowed.  Any existing 

onsite systems that discharge within this 100-foot setback should be upgraded and 

modified so effluent is discharged beyond 100 feet from the waterôs edge, potentially 

through the use of a shared or cluster system.  For existing properties where an upgrade 

cannot be sited outside of 100 feet, the effluent dispersal system should be sited as far 

from the waterôs edge as feasible given the lot configuration, and the level of treatment 

should be the same as for systems located within 100 to 200 feet as described below. 

 

¶ 100 - 200 feet:  A total nitrogen concentration of 5 mg/L in the treated effluent prior to 

discharge is recommended for all systems located between 100 and 200 feet of the Bay or 

associated tidal tributary.  This translates into an effluent loading rate of 1 lb N/person/yr 

(0.5 kg N/person/yr), representing an 87% reduction compared to a conventional system.  

The 5 mg/L concentration limit can be met using a combination of an advanced treatment 
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system and a drip irrigation effluent dispersal system located within one foot of the 

ground surface and more than 1.5 feet above any low permeability soil or bedrock. 

 

¶ 200 - 1,000 feet:  A total nitrogen concentration of 10 mg/L in the treated effluent prior 

to discharge is recommended for all systems within 200 to 1,000 feet of the Bay or 

associated tidal tributary.  This translates into an effluent loading rate of 2 lb N/person/yr 

(1 kg N/person/yr), representing a 74% reduction compared to a conventional system.  

This concentration limit can be met with an advanced treatment system on its own or 

with a combination of an advanced treatment system and a drip irrigation effluent 

dispersal system located within one foot of the ground surface and more than 1.5 feet 

above any low permeability soil or bedrock. 

 

¶ Beyond 1,000 feet:  A total nitrogen concentration of 20 mg/L in the treated effluent 

prior to discharge is recommended for all systems located outside a 1,000-foot buffer to 

the Bay, or the tidal portion of its tributaries.  This translates into an effluent loading rate 

of approximately 5 lb N/person/yr (2 kg N/person/yr), representing a 49% reduction 

compared to a conventional system.  This concentration limit can be met with a variety of 

advanced treatment technologies.   

 

2.1. Meeting the Recommended Treatment Levels 

 

As discussed in Section 1.3, conventional onsite systems cannot be operated in a manner 

consistent with these recommendations.  However, the technology currently exists to meet these 

treatment level goals as discussed in the Guidance for Federal Land Management in the 

Chesapeake Bay Watershed referenced above, and as described in the La Pine National 

Demonstration Project Final Report that evaluated the capabilities of advanced onsite systems 

for nitrogen removal (Rich, 2005).  Additional treatment technologies will likely enter the 

market over time, and Section 4.10 describes recommendations on how states could collaborate 

with each other as well as with federal agencies in the evaluation of new advanced treatment 

technologies that also meet these recommended nitrogen concentrations.  Two currently 

available options, drip irrigation and permeable reactive barriers, that could potentially be 

incorporated into an onsite treatment system to meet the 10 mg/L and 5 mg/L treatment levels 

are discussed below.   

 

DRIP IRRIGATION  

According to EPAôs Guidance for Federal Land Management in the Chesapeake Bay Watershed 

(EPA 2010a) a drip irrigation effluent dispersal system can provide an additional 5 mg/L of 

nitrogen removal beyond that provided by an advanced treatment system.  This is based in part 

on previous research described in Long (1995).  Drip irrigation systems include a pump that 

directs treated effluent to a series of irrigation or discharge lines located in a shallow layer of soil 

no more than one foot deep (Figure 3).  They should only be used where low permeability soils 

or bedrock are greater than 1.5 feet from the ground surface such that the effluent can readily 

percolate into the soil layer.   
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Using a drip irrigation 

system in concert with an 

advanced treatment system 

provides a way to reach the 

5 mg/L concentration 

recommended for systems 

located within the 100 - 

200 foot setback zone.  For 

example, if an advanced 

treatment system is chosen 

to meet a 10 mg/L effluent 

discharge concentration, 

the use of a drip irrigation 

system is assumed to 

provide an additional 

5mg/L of treatment that lowers the final effluent concentration to 5 mg/L.   

 

The use of a drip irrigation system might also be helpful in areas close to the Bay or a tidal 

tributary where shallow groundwater exists and a traditional dispersal facility is less suitable, or 

where the elevation of the water table is expected to increase as a result of sea level rise.  

 

PERMEABLE REACTIVE BARRIERS 

Permeable reactive barriers (PRBs) treat nitrogen contained in shallow groundwater.  They can 

be installed downgradient of a single drainfield, or downgradient of a cluster of closely spaced 

onsite systems.  They are typically installed as long, narrow trenches (Figure 4) installed 

perpendicular to 

groundwater flow in an 

area that will capture 

nitrogen rich groundwater.  

They are filled with a 

carbon-based media (such 

as wood chips, sawdust, or 

newspaper) with any 

necessary additions to 

control changes in pH.  

Their usefulness will 

depend on local 

hydrogeologic conditions.  

As they are typically 

shallow structures, they 

need to be installed either close to a nitrogen source, or in an area where groundwater is 

migrating upwards to discharge into a surface water.  A multi-year study performed in Ontario, 

Canada, showed that PRBs are capable of removing a significant percentage of the nitrogen that 

migrates in groundwater through the trench (Robertson et al., 2000). 

 

 
Figure 3.  Cross-Section of a Drip Irrigation Effluent 

Dispersal System 

 
Figure 4.  Permeable Reactive Barrier  
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PRBs can be used to capture and treat effluent discharged to groundwater from a conventional 

onsite system.  They can also be used to polish the effluent discharged from a nitrogen treatment 

system, and in that manner it can be helpful for meeting the more stringent nitrogen 

concentrations recommended for areas closer to the Bay. 

 

2.2. The Benefits of Shared or Cluster Systems 

 

Shared or cluster systems provide the opportunity to reduce construction costs, increase the 

effectiveness of the proposed nitrogen treatment system, and lower the long term O&M costs for 

the system.  Therefore their use is encouraged, especially in areas close to the Bay shore where 

higher levels of treatment are recommended.  Cluster systems have applications both when 

upgrading existing onsite systems and for new construction where their use supports smart 

growth, cluster development policies. 

 

Past cost analyses (EPA, 2010a) suggest that the use of a cluster system by a group of property 

owners can reduce their individual costs by up to 30%.  The actual cost savings will be 

dependent on local conditions such as the length of connecting sewer lines needed, the presence 

of soils or bedrock that impede sewer line construction, and the level of treatment required from 

the cluster system.  Further information on the benefits of cluster systems is provided in Section 

4.5 and in one of the implementation examples below. 

 

2.3. Implementation Examples  

 

Four examples provided below show how property owners can effectively meet the 

recommended treatment levels at various distances from the Bay.  They show how a treatment 

system can be incorporated into the site design, and highlight approximate costs for each 

approach, based on cost information provided in the Guidance for Federal Land Management in 

the Chesapeake Bay Watershed (EPA 2010a). 

 

Example #1: Single Family Home Over 1,000 Feet From the Bay   

A property owner 

resides in a 

neighborhood that is 

approximately a half 

mile from a tributary to 

the Chesapeake Bay 

(Figure 5).  Following 

an inspection, he elects 

to upgrade his system 

to provide for 

additional nitrogen 

treatment.  As the site is 

more thaffi n 1,000 feet 

from the Bay or one of 

its tributaries, this 

system should be 
 

Figure 5.  Property within Half a Mile of the Bay 
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designed to meet a nitrogen concentration of 20 mg/L in the effluent dispersed to groundwater.  

Assuming the existing onsite components function properly, the approximate cost for additional 

nitrogen treatment component is approximately $5,000 - $9,000. 

 

Example #2: Single Family Home within 100-200 Feet of the Bay Shoreline 

A homeowner with property located on the shore of the Chesapeake Bay elects to upgrade her 

onsite system and locate the drainfield more than 100 feet from the shoreline (Figure 6).  An 

advanced nutrient 

removal system is 

proposed to reach an 

effluent discharge 

concentration of 10 

mg/L prior to discharge.  

However, this does not 

meet the 5 mg/L 

nitrogen concentration 

recommended for a 

system this close to the 

Bay.   

 

Therefore, she might 

utilize a pressurized 

drip irrigation system to 

discharge effluent into 

the ground.  The drip 

irrigation system 

provides an additional 

nitrogen reduction of 5 

mg/L, causing her system to meet the overall 5 mg/L concentration for the site. Assuming the 

existing onsite components function properly, the approximate cost for additional nitrogen 

treatment components and the drip irrigation system is approximately $15,000 - $20,000. 

 

  

 
Figure 6.  Single Family Home within 100-200 Feet of the Bay  
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Example #3: Single Family Home within 200-1,000 Feet of the Bay Shoreline 

This property is located 

between 200 and 1,000 

feet of the Bay Shoreline, 

and the property owner 

chooses to upgrade the 

homeôs onsite system to 

meet the recommended 

nitrogen treatment level 

of 10 mg/L.  This home 

(Figure 7) is not located 

in close proximity to any 

neighboring homes, or 

sewer connections, so the 

best option for this 

homeowner is to upgrade 

by adding an advanced 

nitrogen treatment system 

to his existing system.  

Assuming the existing 

onsite components 

function properly, the approximate cost for the additional nitrogen treatment components is 

approximately $10,000 to $15,000. 

 

Example #4: Cluster System within 200-1,000 Feet of the Bay Shoreline 

A homeownerôs property is located directly on the Chesapeake Bay and his onsite system 

disperses effluent to the 

ground within 100 feet 

of the Bay (Figure 8).  

He owns a small lot and 

cannot move the 

drainfield beyond 100 

feet from the shore.  To 

upgrade his system he 

enters into an agreement 

for a shared or cluster 

system on an abutting 

lot, providing treatment 

for four participating 

property owners.  The 

cluster system is placed 

250 feet from the 

shoreline designed to 

meet the 10 mg/L 

recommended nitrogen 

discharge concentration.  

 
Figure 7.  Single Family Home within 200-1,000 Feet of the Bay  

 
Figure 8.  Cluster System within 200-1,000 Feet of the Bay  
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As mentioned above, the cost savings achieved through using a cluster system can be up to 30% 

compared to each property constructing their own treatment system. 

 

Example #5:  Use of a Permeable Reactive Barrier 

A property owner, with 

an onsite system located 

between 200 and 1,000 

feet of the Bay wants to 

meet a 10 mg/L 

concentration (Figure 

9).  Instead of using a 

drip irrigation system to 

meet this concentration, 

she elects to maintain 

her existing drainfield, 

and to use a treatment 

system to meet 20 mg/L 

and then install a PRB 

downgradient of the 

drainfield to further 

treat the effluent in 

groundwater 

downgradient of the 

drainfield.  Assuming 

the existing onsite components function properly, the approximate cost for additional nitrogen 

treatment components and the PRB is approximately $10,000 to $15,000 

 

 

3.0 ONSITE SYSTEM MANAGEMENT APPROACHES 

 

Management of onsite systems that provide nitrogen treatment requires a greater level of 

oversight to ensure these complex systems properly operate and consistently provide the 

necessary level of nitrogen reduction.  For the purposes of this document, the goals for onsite 

system management include: 

 

1. Proper oversight of onsite treatment systems to ensure that the appropriate operation and 

maintenance is performed and that nitrogen treatment levels are met consistently; and 

2. Ongoing record keeping and accounting of nitrogen reductions to document that the 

nitrogen reduction targets in the TMDL are met. 

 

Implementation of a management approach that meets these goals may vary for each state, 

county, and local agency, since each entity has a different approach for using onsite systems to 

meet nitrogen reduction goals.  Government agencies also have different regulations and 

enabling legislation that impact the selection of a management approach.  The ability of local 

governments and residents to manage onsite systems also varies, especially in economically 

disadvantaged or underserved communities, and local regulatory authorities should consider the 

 
Figure 9.  Use of a Permeable Reactive Barrier 
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capacity of a communityôs residents to manage onsite systems when selecting a management 

approach. 

 

EPA previously developed five onsite system management models in the publication titled 

Voluntary National Guidelines for Management of Onsite and Clustered (Decentralized) 

Wastewater Treatment Systems (EPA, 2003a).  These templates, or models, were designed for 

use by state and local officials to provide the appropriate local level of oversight via different 

ownership or O&M methods.  For systems designed to treat nitrogen, Models 3-5, or some 

combination, might be appropriate to support the nitrogen reduction goals needed for the Bay 

(Table 2).   

 

Table 2.  Summary of Onsite System Management Approaches 

Model # Description Comments 

1 
Homeowner 

Awareness 

Homeowner management of existing systems is promoted through 

outreach and education programs.  Appropriate for conventional 

systems which provide very limited nitrogen removal.  

2 
Maintenance 

Contracts 

A property owner contracts with a qualified service provider to 

ensure O&M is conducted and nitrogen removal goals are met. 

3 
Operating 

Permits 

The regulatory agency issues a limited-term operating permit to the 

property owner that requires sustained performance levels for 

nitrogen reduction.  O&M is performed by a qualified service 

provider with regular monitoring.  This provides a greater level of 

oversight and accountability compared to Model #2. 

4 

Responsible 

Management 

Entity 

(RME) O&M 

Frequent and highly reliable O&M is the responsibility of a 

management entity, further increasing the level of accountability. 

This approach is appropriate for clustered systems or complex 

treatment systems providing high levels of nitrogen reduction. 

5 
RME 

Ownership 

Ownership passes to the management entity which is responsible for 

all management aspects, similar to publicly owned treatment works, 

providing a high level of assurance that nitrogen removal goals are 

met. 

 

In the Chesapeake Bay Watershed, Model 3 is the EPA-recommended minimum level of onsite 

system management.  If a state or local government adopts the Model 3 approach, a property 

owner would be issued an operating permit for their system that details the level of performance 

required, and includes a provision that the system be maintained by a qualified service provider.  

The operating permits issued under the Model 3 approach should require regular monitoring and 

provide the level of oversight needed to ensure that nitrogen reductions are achieved.  If a system 

is not functioning properly, or if proper records are not provided, the regulatory agency can 

address these issues at the renewal date of the permit.     

 

Management Model 4 is recommended by EPA as the minimum level of management for 

clustered systems with multiple owners and in situations where advanced technology is needed 

to achieve significant nitrogen reductions such as meeting a 10 mg/L or 5 mg/L nitrogen effluent 

concentration.  This model provides for frequent and highly reliable O&M through an operating 
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permit issued to an RME, a designated legal entity that has the technical, managerial, and 

financial capacity to ensure viable, long-term O&M of all systems within their jurisdiction (EPA, 

2003a).  A state or local agency could function as the RME, or a partnership of the regulatory 

authority and public or private service providers with the appropriate expertise could serve in this 

role.  Another option is to enlist an existing sanitation or other special district as the RME.   

 

In the Model 4 approach, property owners retain ownership of their systems, while the RME 

coordinates system inspections, performs required maintenance, and ensures the effective 

operation of their systems.  An RME management approach might be appropriate for 

economically disadvantaged communities where funding can be acquired to support nitrogen 

reduction systems for property owners who could be challenged to support this service on their 

own.  Further information on the application of an RME can be found in a series of RME 

Guidance Fact Sheets developed by the Water Environment Research Foundation at: 

http://www.werf.org/i/c/KnowledgeAreas/DecentralizedSystems/RMEsite/RMEs_2.aspx.  

 

The choice of a management approach depends on the goals a state or local agency sets for 

nitrogen reduction balanced against the associated O&M and record keeping needed to meet 

these goals.  Management models 3-5 discussed in Table 2 are approaches that have proven 

successful in other areas and could be considered by the Chesapeake Bay states.  The 

management models are intended as guides for oversight and support to achieve nitrogen 

reductions for the Chesapeake Bay.  While each model can stand on its own, state and local 

agencies can also use more than one management model within a jurisdiction or use components 

of individual models as appropriate for their circumstances.   

 

 

4.0 ADDITIONAL COMPONENTS OF A MODEL PROGRAM  

 

This section provides additional components of a model onsite system management program 

beyond the treatment recommendations and management approaches discussed above, and it 

follows the process that state and local officials typically use to inspect, evaluate, design, 

construct, operate and maintain onsite wastewater systems.  This section also provides 

recommendations for the approval and verification of advanced treatment systems and suggested 

programmatic components to support the management of onsite systems designed to treat for 

nitrogen.   

 

4.1. Inventory and Inspection of Existing Onsite Systems 

 

States are encouraged to implement onsite system inspection and inventory programs since they 

provide the most efficient way to identify onsite systems that do not meet the targeted nitrogen 

reduction recommendations described in Section 2, and to facilitate upgrades to meet these 

recommendations.  They also provide an opportunity to evaluate onsite system performance over 

time, identify problems needing correction, and educate property owners on the proper use and 

maintenance of their system. 

 

The locations of existing systems need to be known in order to conduct inspections.  Therefore 

an inventory of existing onsite systems and their treatment capabilities should be created by the 

http://www.werf.org/i/c/KnowledgeAreas/DecentralizedSystems/RMEsite/RMEs_2.aspx
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regulatory authority.  The inventory can help identify systems or areas that should be prioritized 

for inspections as well as manage all information collected during inspections.   

 

One main outcome of the initial inspection is the identification of systems that should be 

upgraded because of one of the following reasons: 

 

¶ A system is located in close proximity to the Bay or one of its tributaries and does not 

meet the performance recommendations in Section 2; or 

¶ A system fails an inspection because it does not comply with the basic design, 

construction, or operational requirements contained in the state or local regulations. 

 

Following inspection, it is recommended that all underperforming systems be upgraded within 

two to five years of the initial inspection such that they meet the nitrogen reduction goals for 

their location.  The inspection process can also help regulatory authorities identify systems that 

are out of compliance with existing design regulations and allow them to work with property 

owners to bring them back into compliance.  The following are some recommendations for 

implementing an inventory and inspection program. 

 

ONSITE SYSTEM INVENTORIES 

Prior to inspections, the first step is to compile a complete and accurate inventory of all land 

parcels that contain an onsite system.  An inventory can be developed based upon permits that 

have been issued or other records that document the location of existing onsite systems.  In the 

absence of good onsite system records, areas with onsite systems can be mapped by overlaying 

locations of centralized sewers on a tax assessorôs map or other appropriate figure.  The 

developed properties not adjacent to the existing sewer lines are likely served by onsite systems. 

 

The inventory should be kept in an electronic database that is consistent with any software 

program used on a state-wide basis.  These databases, most often maintained by health officials 

either at the county or local level, should document specific information such as date of 

installation, location, soil type, system type, nitrogen treatment capabilities, permit status, 

violations, and any complaints received.  The data can also be used to identify the oldest systems 

(i.e., most likely to fail) for prioritizing future inspections.  A Geographical Information System 

(GIS) map and database may be the most efficient and effective method to store and analyze 

these data.  More information on available database technologies for onsite systems and how 

these can be used to document load reductions is provided in Section 4.8.  

 

ONSITE SYSTEM INSPECTIONS 

A certified/licensed inspector should inspect all systems and develop an inspection report.  The 

inspection should identify basic information for the system, (e.g., the system type, size, date of 

installation, functionality, and condition).  In addition, the inspector should confirm the location 

of the system and, therefore, the level of nitrogen treatment needed to meet the applicable 

nitrogen reduction goals.  In cases where a system as-built plan is not available, the inspection 

report should include a plan showing the location of the various system components relative to 

seasonal high groundwater, sensitive resource areas, and all other design boundaries such as 

buildings and property lines. 
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Conducting inspections to determine the level of nitrogen treatment needed for onsite systems 

provides the added value of identifying existing malfunctioning systems that may pose a threat to 

public health and/or the environment.  For older systems, recognition of a failure to meet design 

requirements often does not occur until a formal inspection of the system is conducted.  The 

inspection can also potentially establish links between problems with individual systems and 

degraded water quality in a nearby well or water body that would not otherwise be identified.  

The inspection reports should include documentation of any signs of system malfunction or 

impending malfunction and any system maintenance needs.  

 

INSPECTION FREQUENCY  

State and local regulatory authorities should phase inspection 

requirements such that the highest priority is given to systems 

located closest to the Bay and its tributaries.  The regulatory 

authority could begin this process by notifying owners of 

properties with onsite systems that they must have an 

inspection performed and reported by a certified/licensed 

inspector within a specified timeframe.  EPA recommends 

that the regulatory authority require inspections based on the 

inspection frequencies listed below for existing systems.  The 

regulatory authority should plan to complete the inspection 

process within five years of the initiation of their nitrogen management program.  

 

Ongoing inspections should follow the initial inspection to ensure proper operation of all 

systems.  The recommended frequencies are as follows: 

¶ Once every three years for existing systems within 200 feet of the Bay or its tributaries 

(EPA, 2010a); 

¶ Semi-annually for advanced treatment systems, cluster systems, and those serving 

commercial, institutional, or industrial facilities (EPA, 2010a); 

¶ Prior to site modification, real estate transfer; and  

¶ At time of reported violations or complaints for all existing systems. 

 

RECOMMENDED INSPECTION REPORTING AND UPGRADE REQUIREMENTS 

Certified/licensed inspectors should submit inspection reports to the appropriate regulatory 

authority and should identify any required upgrades, especially those needed to meet the 

applicable nitrogen treatment levels.  EPA recommends that the inspection reports document 

system status as follows: 

¶ System is functioning and in compliance with current design standards and the applicable 

nitrogen treatment goals;  

¶ System is functioning and meets current design codes; however, it does not comply with 

the applicable nitrogen treatment goals; or 

¶ System is malfunctioning based on current design standards.  

 

Onsite systems that do not achieve applicable nitrogen treatment levels should be prioritized for 

upgrade or retrofit.  The highest priority for upgrade should be given to systems located within 

200 feet of the Chesapeake Bay or its tributaries.  These systems should be upgraded first, 

followed by upgrades to systems located between 200 and 1,000 feet.  System upgrades to meet 

The timing of inspections 

could increase from 

inspections every 3 years to 

every 5 years for conventional 

residential systems (i.e., not 

advanced, not clustered) in 

areas of headwater states not 

subject to other local water 

quality concerns. 
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the nitrogen treatment levels should be completed within two to five years from the time of 

inspection (EPA, 2002), or within a timeline negotiated between the regulatory authority and 

owner (EPA, 2003a).  A regulatory authority could consider a longer upgrade timeframe for 

owners of functioning out-of-compliance systems installed within the last five years, those who 

may not have the ability to connect to a sewer system extension or if it is not financially feasible 

for the owner to immediately cover the upgrade costs. Upgrades needed to bring systems into 

compliance with existing standards governing basic siting and construction practices (such as 

depth to high groundwater requirements) should be completed according to existing regulatory 

authority timeframes.   

 

INSPECTION AND SYSTEM UPGRADE REQUIREMENT PRIOR TO PROPERTY IMPROVEMENTS 

EPA recommends that regulatory authorities require system inspections prior to any site 

improvements that result in an increase in design flow to ensure the onsite system can manage 

the increase.  An inspection of the existing system should document that there is sufficient 

capacity and adequate nitrogen removal capacity for any increased flow resulting from the site 

modification.   Systems that are undersized for the increased flow or that do not provide the 

applicable nitrogen treatment should be upgraded in concert with any property improvements.  

System upgrades should include any necessary nitrogen treatment plus any other improvements 

needed to meet existing design standards such as drainfield sizing requirements or depth to 

groundwater.  The appropriate regulatory authority should oversee the design and construction of 

any improvements. 

 

4.2. Site Evaluation  

 

A site evaluation is used to identify and map the physical characteristics of the site, including the 

systemôs proximity to the Bay or its tributaries, the driver for determining the level of nitrogen 

treatment needed for a new or upgraded system.  The site evaluation is also used to document 

regional geologic and hydrogeologic features, the depth to groundwater, the soil type, the 

proximity to other wetlands or surface waters, and any other information needed to properly 

design the system.   

 

Since this document focuses on nitrogen management, further information on the site evaluation 

process focuses on those components that assist in nitrogen reduction, including mapping the 

depth to high groundwater as this depth plays a role in designing drip irrigation dispersal 

systems. As discussed in Section 4.3, site evaluations should also provide information on how 

climate change and sea level rise will impact the system design.    

 

SEASONAL HIGH GROUNDWATER 

Depth to seasonal high groundwater is an important component of the site evaluation.  At least 

four feet of unsaturated soil below an absorption field are necessary to remove bacteria prior to 

having them enter groundwater (EPA, 1993).  

 

The estimation of the seasonal high water table along with the observed native soil conditions is 

critical to the proper design of any dispersal system, including a drip irrigation system.  The 

following methods are commonly accepted for estimating seasonal high groundwater: 
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¶ Observation and measurement of depth to groundwater in a test hole performed during 

the wettest time of year; 

¶ Identification of redoximorphic features.  Redoximorphic features, a term that replaces 

ñsoil mottling,ò refer to a blotchy soil color pattern (often gray, red, orange, and/or 

yellow) resulting from seasonal fluctuation of the water table.  Redoximorphic features 

observed in soil are significant because they indicate the height of the average seasonal 

high water table which is typically present from year to year along the sidewall of a test 

hole; 

¶ Approximation of seasonal high groundwater based on measurement of depth to 

groundwater in a test hole at any time of the year, and then adjusted to seasonal high 

groundwater based on historic seasonal groundwater fluctuations in nearby monitoring 

wells; or 

¶ Installation of a monitoring well for the measurement of seasonal high groundwater. 

 

SITE EVALUATION  REPORT 

Evaluation of the drainfield is a critical step in system selection and design.  The evaluation 

report summarizes the capacity of the site to accept, disperse, and safely and effectively 

assimilate the wastewater discharge.  The following list outlines recommended steps and 

information for a site evaluation report: 

¶ Identify a siteôs proximity to the Bay or its tributaries;  

¶ Estimate the proximity to drinking water sources or wellhead protection areas; 

¶ Determine existing soil topography and groundwater conditions; 

¶ Identify any design constraints associated with the proposed drainfield location; and 

¶ Address any additional siting requirements established by the regulatory agency for 

system approval. 

 

The regulatory authority should require site evaluation reports that include documentation of site 

conditions using non-technical language when possible.  Also, the regulatory authority might 

require information on observed site characteristics and any possible constraints for use by other 

site evaluators, designers, regulators, and contractors.  

 

4.3. Onsite Systems and Climate Change 

 

Section 202(d) of the Presidentôs Executive Order for the Chesapeake Bay tasked EPA and other 

federal agencies with the development of adaptation strategies for infrastructure in the watershed 

to help increase resiliency under changing climate conditions.  Given this direction, it is 

important for state and local officials, as well as property owners, to evaluate climate change 

impacts on the siting and operation of onsite systems. 

 

The U.S. Global Change Research Program estimates that sea level will rise an estimated two 

feet by the end of the century in the Chesapeake Bay region
1
.  In low lying areas, sea level rise 

can potentially increase flooding and limit the land suitable for onsite systems based on the 

horizontal setback distances and associated nitrogen treatment recommendations described in 

Section 2.  In addition, as sea level rises, the groundwater elevation in areas directly adjacent to 

                                                 
1
 http://www.globalchange.gov/images/cir/pdf/coasts.pdf 

http://www.globalchange.gov/images/cir/pdf/coasts.pdf
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the Bay will rise proportionately, reducing the separation between the bottom of the drainfield 

and the seasonal high groundwater level. 

 

A graphic example of the expected rise in sea level can be seen by comparing the water level at a 

normal high tide to that at an extreme high tide or king tide, the highest astronomical tide of the 

year.  Figure 10 shows the normal high tide and the king tide at a residence in a coastal 

embayment where the king tide is 1.5 feet above the normal high tide, about the same as the 

expected sea level rise from climate change.  From these photos, it is easy to recognize the 

potential impacts to an onsite system serving this residence.  The setback to the high water line is 

reduced significantly and one can envision that the depth to groundwater below the system is 

significantly reduced as well. 

 

 
Figure 10.  Comparison of a Normal High Tide to the King Tide 

The king tide is the highest astronomical tide of the year that provides a good visualization of 

what a normal high tide may be following sea level rise. 

 

EPA recommends that regulatory authorities require designers to consider the changes in the 

location of the shoreline under changing climate conditions.  This consideration is important 

when siting a system to meet the minimum 100-foot setback between the Bay and a drainfield as 

recommended in Section 2.  A two-foot sea level rise will cause the shoreline to move inland, 

reducing the current setback of a system installed today.  For example, an onsite system installed 

105 feet from todayôs shoreline, consistent with EPAôs recommendation that no system be placed 

within 100 feet of the shore, could be inconsistent with EPAôs recommendation at 90 feet from 

the shoreline under future conditions as sea level rises (Figure 11).  
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EPA also recommends that regulatory authorities and designers evaluate the extent of water table 

rise associated with sea level rise.  Estimating the depth to high groundwater below an onsite 

system assists designers and regulators in ensuring adequate separation between the onsite 

systemôs drainfield and the seasonal water table in order to prevent pathogens in the wastewater 

from contaminating groundwater and coastal waters.  If a state requires a four-foot separation to 

high groundwater, it may want to consider raising this requirement (perhaps to five or six feet) to 

adapt to rising groundwater levels associated with sea level rise. 

 

Overall, regulatory authorities are encouraged to anticipate climate change impacts and adapt 

their onsite programs to accommodate them.  These requirements can be adjusted over time as 

projections of sea level rise and the subsequent rise in groundwater levels are refined.  If 

topographic data are available, GIS can be used to map how sea level rise will impact a regionôs 

shoreline and help determine the magnitude of the issue in each community.  These maps can 

also be used to help site new or upgraded systems taking into account rising water levels so that 

onsite systems will continue to function properly into the future. 

 

4.4. System Design Criteria 

 

All six Chesapeake states have system design criteria, managed at the state or local levels, which 

govern how onsite systems are constructed within their communities.  Recommendations to 

update or improve these criteria and minimize nitrogen impacts to the Chesapeake Bay are the 

focus of the discussion that follows. 

 

TECHNOLOGY SPECIFICATIONS 

Advanced treatment technologies vary greatly from one manufacturer to the next.  Some 

advanced treatment systems feature suspended or attached growth treatment modules located 

between the septic tank and soil infiltration system and often employ float valves and pumps to 

 
Figure 11.  Impacts of Rising Sea Level 
















































