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Purpose:          This Policy describes a nutrient loading approach to regulating wastewater

disposal by which the cumulative load of nutrients associated with a land use within a site is factored into a total site-wide nutrient loading limit that is appropriate given the nutrient sensitivity of receptors at the site.  The approach allows a mixture of treatment technologies to be used to achieve the site-wide loading limit, and regulates compliance at the downgradient property line.

Applicability:  This Policy provides guidance to the Department and applicants in employing the

nutrient loading approach to wastewater permitting.  It may be applied for either new construction or in remedial situations.  It is a voluntary approach undertaken at the election of the applicant. 
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I.  Introduction

Groundwater is a precious resource that has traditionally been protected with the goal of preserving its value as a drinking water supply.  This principle guides the current Groundwater Discharge Regulations, 314 CMR 5.00 and the Groundwater Quality Standards, 314 CMR 6.00, by setting Class I groundwater standards as the discharge parameters.  The Class I groundwater standard for total nitrogen is 10 mg/l.  However, as our understanding of natural ecosystems and aquifers has developed, the Department has realized that a 10 mg/l discharge standard for total nitrogen may not be adequately protective of estuarine, freshwater or aquifer systems.  Moreover, the Department recognizes that wastewater impacts on groundwater are not necessarily limited to nitrogen concerns, and that the adequate treatment of all wastewater constituents is necessary to adequately protect both public health and natural resources.


In order for the Department to properly evaluate the impacts of wastewater disposal, the permitting of wastewater discharges must be integrated with the identification of sensitive resources, the evaluation of critical loading values for those resources, the recognition of the intrinsic value of groundwater as a resource, and the use of land use planning to maximize protection of these resources.  DEP has developed this Nutrient Loading Approach to achieve this purpose.  Implementing such an integrated wastewater management permitting approach requires incorporation of comprehensive planning concepts with conventional wastewater permitting which has traditionally focused on engineering proper treatment at the “end of the pipe”.  With the nutrient loading approach, DEP adopts a more resource-focused approach to groundwater permitting that encourages planning to prevent pollution.  The nutrient loading approach is a multi-disciplinary approach that relies on experts from the fields of water supply, wetlands ecology, turf management and land use planning and applies planning, hydrogeologic and engineering concepts to manage wastewater.  The approach also may necessitate 

coordination with local planning officials, watershed associations, and regional planning agencies.  The nutrient loading approach is a permitting process that addresses all the issues which define the mission of the Bureau of Resource Protection, and comprises one tool among many in the tool kit required for reasonable watershed management.

II.  Background

A.  Evolution of Nitrogen Loading Analysis in Massachusetts

DEP’s progression towards protecting receptors sensitive to nitrogen reflects a gathering of knowledge and science that began in Massachusetts in the late 1970s with the release of the 208 Wastewater Planning Reports.  Those reports peripherally considered the sensitivity of groundwater and coastal areas on Cape Cod to excessive nitrogen disposal via subsurface disposal systems and wastewater treatment plants.  In 1988, the Cape Cod Aquifer Management Project (CCAMP), a joint federal, state and local initiative produced a nitrogen loading model designed to evaluate and predict the likely nitrate concentrations in public drinking water wells based on zoning buildouts.  Following this report, in 1990, DEP’s Water Supply program promulgated wellhead protection regulations requiring communities to institute septic system density restrictions using bylaws, zoning or local regulations in areas contributing water to public water supply wells.  Shortly thereafter, the Cape Cod Commission, a planning and regulatory review board for projects on Cape Cod, instituted nitrogen loading requirements for new construction on Cape Cod.  

In 1995, DEP further enhanced protection of areas sensitive to nitrogen loadings by revising its on-site sewage disposal system regulations, Title 5, 310 CMR 15.000, to include septic system density requirements and nitrogen limits in Nitrogen Sensitive Areas (NSAs).  See 310 CMR 15.214.  For purposes of Title 5, NSAs include:  Zone IIs, Interim Wellhead Protection Areas (IWPAs), lots served by on-site systems and private wells, and nitrogen sensitive embayments not yet regulated by DEP.  The 1995 revisions to Title 5 also reduced the threshold of wastewater flow requiring groundwater discharge permits from 15,000 gallons per day to 10,000 gallons per day, reflecting the need for higher levels of wastewater treatment to minimize nutrient loadings.

DEP now seeks to build on the enhanced protection for NSAs incorporated in Title 5 by extending comparable protections to the groundwater discharge permit arena.  This Policy moves in that direction by employing a nutrient loading approach to gauge receptor sensitivity to discharges.

B.  Why Worry About Nitrogen?

Nitrogen is used as the basis for this nutrient loading approach because it is the most conservative contaminant in sanitary wastewater and may have severe public health impacts.  Nitrate and nitrite, forms of nitrogen found in sanitary wastewater are acute toxins.
  Single exposures to nitrate/nitrite exceeding federally established Maximum Contaminant Levels (M.C.L.) may have severe health implications for specific age groups.  In addition, the prevention of drinking water supply contamination due to high levels of nitrogen is critical given the expense of restoring drinking water supplies to safe MCLs.  Nitrogen is one of the most difficult and expensive contaminants to remove from drinking water because it is a dissolved constituent requiring the use of ion exchange or reverse osmosis technology for removal.

EPA, pursuant to the federal Safe Drinking Water Act, has established an M.C.L. of ten milligrams per liter (10 mg/l) for nitrate in drinking water supplies.  Ingestion of drinking water with concentrations exceeding 10 mg/l nitrate may cause death related methemoglobinemia (blue baby syndrome) in infants, and has been linked to deaths diagnosed as S.I.D. syndrome, fetal and birth defects, and miscarriages.  To guard against nitrate concentrations reaching these danger levels, the EPA uses 5 mg/l nitrate in public wells as a threshold requiring quadruple the level for testing for nitrate and increased reporting.  Likewise, the DEP Drinking Water program uses 5 mg/l as a concentration which signals severe degradation of water quality and requires investigation and action.  For planning purposes in aquifer areas, it makes sense to plan for 5 mg/l as a maximum concentration in groundwater because studies have demonstrated that a mean background concentration of 6 mg/l nitrate will result in exceedances of the 10 mg/l M.C.L. approximately 10% of the time.


C.  Overview of the Nutrient Loading Approach


Nutrient loading analyzes how a sensitive receptor responds to the introduction of contaminants and what the threshold limits are (in terms of mass) before any degradation in quality is realized.  Once these limits are determined, a discharge to the receptor cannot exceed that mass.  Conventional DEP permitting practice has relied on maximum concentrations as a permit limits.  The conventional approach implies that regardless of flow, a standard level of treatment (i.e., a standard maximum concentration) is adequately protective of any resource.  In contrast, a permit based on the nutrient loading approach would be tailored to the unique characteristics of a given receptor(s) impacted by the wastewater discharge.

The difference in these two approaches may be illustrated by a simple comparison between two treatment plant discharge 10 mg/l total nitrogen, one at a flow of 10,000 gpd and the other at a flow of 100,000 gpd.  At these flow volumes, the first plant would discharge 0.83 lb/day of total nitrogen and the second would discharge 8.3 lb/day of nitrogen.  Assume that the plants are located within the watershed of a nitrogen sensitive embayment where the total maximum daily load (TMDL) has been determined to be 5 lb/day of total nitrogen.  With this limitation, the plant discharging 10,000 gpd would be within the TMDL, but the plant discharging 100,000 gpd would not.  Note that both plants discharge the same concentration of nitrogen in full compliance with the M.C.L., but ultimately discharge drastically different masses of nitrogen into the embayment system.  Nitrogen is used in this example because it is convenient and easy to understand, however, the same type of analysis may be used for other constituents in wastewater that would have potentially adverse impacts on resources.

The nutrient loading approach to regulating wastewater disposal assumes that impacts to groundwater quality and the specific sensitivity of receptors should be the controlling factors when issuing groundwater discharge permits.  Determining the sensitivity of a receptor and applying land use planning practices to insure that cumulative nitrogen loadings do not exceed thresholds that would adversely influence the resource are an integral part of this loading approach.  The approach is a simple dilution model that sums all nitrogen inputs from a particular facility and site, and dilutes that nitrogen load (measured in pounds) by the volume of rainwater that percolates down to the water table annually.  Nitrogen loads at sites are known to vary due to differing land uses.  The dilution as rainfall that recharges groundwater differs from region to region in Massachusetts based on average rainfall, local geology and hydrogeology, soil types and vegetative cover.  DEP’s traditional practice of issuing discharge permits with one “end of the pipe” standard has not permitted us to account for all of these site-specific and natural differences that translate into very differing impacts to localized groundwater quality.  The simple nutrient loading model, in conjunction with property line monitoring, establishes a level playing field of impact that better addresses the sensitivity of sites under development today.


The term "nutrient loading" means that the cumulative load of nutrients in pounds applied to a site is considered a basis for permitting.  Permitted volumes and concentrations will be dependent on the sensitivity of the receptor likely to be impacted.  When permittees opt to use the nutrient loading approach in Nutrient Sensitive Areas, for example, DEP intends to permit discharges that result in an ambient groundwater concentration on the site of no more than 5 mg/l nitrogen.


The nutrient loading approach will be implemented through groundwater discharge permits that contain all of the water quality parameters and issues the Department has traditionally addressed in conventional permits, plus all of the issues contained within this Policy.  As with conventional groundwater discharge permits, the permit duration may differ depending upon the complexity of the project, but shall not exceed five years without a renewal.  Compliance and enforcement issues remain the same although the compliance points and required analysis are modified to accommodate the needs of the nutrient loading approach.  Groundwater monitoring frequencies and parameters of interest will be comparable to those in current permits.  DEP staff will be available to provide technical assistance to project proponents who require it.


D.  Regulatory Framework


To date, DEP has required groundwater discharges permitted pursuant to 314 CMR 5.00 to meet effluent limits at the point of discharge.  DEP recognizes that the existing effluent limit of 10 mg/l nitrogen at the discharge point may not fully account for the resulting impacts to nitrogen sensitive receptors or the cumulative effect of the discharge and that of other sources.  The purpose of this Policy is to allow permittees the option of demonstrating the compliance of their discharge with 314 CMR 5.00 through an alternative nutrient loading approach that establishes an ambient nitrogen concentration for the overall site that cannot be exceeded at any downgradient wells located at the property boundaries. To accomplish this, DEP will utilize a compliance point downgradient of the point of discharge in monitoring wells at the property boundary.  DEP believes that this nutrient loading approach represents a protective, more comprehensive means of assessing and addressing the impacts of the discharge on the ambient groundwater quality, particularly with respect to nitrogen sensitive receptors, that also affords permittees greater flexibility in the use of wastewater treatment technologies.


While this Policy marks a departure from past permitting practice, DEP’s existing framework for regulating and permitting groundwater discharges is sufficiently flexible to authorize this optional permitting approach.  314 CMR 5.10(2) authorizes DEP to establish special permit conditions, as required on a case-by-case basis, to provide for and assure compliance with the Massachusetts Clean Waters Act, M.G.L. c. 21, §§ 26 - 53, (the “Act”) and 314 CMR 5.00.  DEP also has authority under the Act to specify additional permit requirements that it deems necessary to safeguard the quality of the receiving waters or to comply with pertinent provisions of state or federal law.  G.L. c.21, § 43(7).  314 CMR 5.19(1) provides that for the purposes of determining compliance with groundwater quality standards, a violation of the groundwater standards and the discharge permit occurs when any parameter measured in any downgradient well exceeds the applicable criteria in 314 CMR 6.06 - i.e., the water quality limits applicable to Class I waters, also set forth in 314 CMR 5.10(3).  In addition, DEP  has discretion to determine the compliance of discharges with the groundwater quality standards through tests or analytical determinations of groundwater or effluent samples.  314 CMR 6.08(1).  The nutrient loading approach and sampling protocol provided for in this Policy use  monitoring tests and analytical determinations of groundwater to establish an overall nitrogen concentration and total nitrogen load that are protective of ambient groundwater and sensitive receptors.


Applicants who elect to use the nutrient loading approach to regulate their groundwater discharge will be subject to a total maximum nitrogen load as well as an ambient groundwater concentration standard (5 mg/l nitrogen or 10 mg/l nitrogen).  The groundwater discharge permit will establish compliance points for monitoring ambient groundwater concentration in downgradient wells.  In addition, the groundwater discharge permit will enforce a total nitrogen load by requiring the applicant to limit the man-made sources of nitrogen loadings to the site, and limit the introduction of new impervious surfaces and land under water.  These limitations will be accomplished through use of a nitrogen loading restriction granted by the applicant to the DEP in perpetuity or in some cases, through a combination of landowner association bylaws and deed restrictions (model restrictions will be supplied by DEP).  This approach is similar to the Department's Title 5 Nitrogen Aggregation Policy use of Nitrogen Loading Restrictions to aggregate wastewater flows.  Reliance on nitrogen loading restrictions to restrict the total nitrogen load will enable an applicant to aggregate its wastewater flows over the parcel to receive the discharge with additional off-site area that is also subject to the restriction.


This Policy will be in effect on an interim basis.  DEP, based on its permitting experience and outcomes under the Policy, intends to revise its regulations to incorporate a nutrient loading permitting approach modeled on the Policy.  In doing so, DEP will  further evaluate whether and under what circumstances the use of the nutrient loading approach should be a mandatory permit approach.

III.  Nutrient Loading Approach Policy


A.  Rationale and Benefits of a Nutrient Loading Approach

The goal of maintaining an ambient groundwater standard of 5 mg/l nitrogen within site boundaries and as measured in monitoring wells at the property line is a reflection of the sensitivity to nitrogen for several different types of receptors.  Zone IIs, embayments, private well areas, lakes, ponds, streams and wetlands may all be considered nitrogen sensitive and require a regulatory approach that is more protective of specific sensitive resources.  Concern for the public health and wise planning dictate that, for example, land uses within the area contributing water to a well should not cumulatively be discharging a load of nitrogen that will cause the well to exceed a 5 mg/l nitrate standard.

There are several reasons why DEP has decided to employ a nutrient loading approach to permitting.  A simple example will help illustrate how this approach results in greater protection for sensitive resources.


Currently a tract of land within a Zone II or watershed to a sensitive embayment can be developed using a wastewater treatment plant and is limited only by hydraulics or how much water the ground will absorb.  On a ten acre parcel underlain by permeable geologic deposits a discharge of 10,000 or 100,000 or 1,000,000 gallons per day is permitted as long as the ground will accept it.  The significant problem with this approach is that the total loads of nitrogen received are as important, if not more so, to the water quality of Zone IIs and embayments than the nitrogen discharge concentrations.  Table 1 illustrates the significant differences in nitrogen loads which may result from discharges of 10 mg/l.

Table 1:  Comparison of Nitrogen Concentrations with Resulting Nitrogen Load

Discharge volume at 10 mg/l
Resulting Nitrogen Load

10,000 gpd
303 lbs/year

100,000 gpd
3,030 lbs/year

1,000,000 gpd
30,300 lbs/year

Without limitations on the total quantity of nitrogen discharged, the sensitivity of the receptor may be left inadequately addressed.


In addition to total nitrogen, other variables that may significantly affect groundwater quality have historically been overlooked in the groundwater permitting process.  Land uses associated with the discharge may have a great impact on groundwater quality by influencing the type and amount of nutrients introduced to groundwater.  For example, golf courses, fertilized residential lawns, and ball fields are known to elevate nitrogen levels in groundwater.  Recharge rates,(i.e., how much precipitation as rainfall leaches to the water table) are known to have a significant effect on the concentration of nitrogen in groundwater.  Recharge rates are increased by land uses which entail a high amounts of impervious surfaces because evapotranspiration rates are lower than for vegetated surfaces, and runoff is captured by leaching catch basins or drainage swales.


Together, these land uses make a significant difference in the degree of impact a discharge has on the receiving groundwater quality.  The nutrient loading approach is a method of evaluating the loadings and other site characteristics and comparing them with the sensitivity of the receptor.  In this way, the nutrient loading approach achieves several benefits:

1.
Correlates the discharge to the environmental sensitivity of receptors.

2.
Establishes a "level playing field" of environmental impacts to groundwater quality.

3.
Accounts for other site-specific sources of nitrogen which are not assessed by conventional groundwater discharge permitting.

4.
Improves protection for public water supply wells.

5.
Introduces greater flexibility in wastewater treatment techniques and methodologies.

6.
Promotes beneficial uses of open space.

7.
Allows for "mixed use" of various treatment technologies.

Utilizing the mass loading approach also requires that consideration be given to other contaminants associated with wastewater.  Treatment plants remove contaminants other than nitrogen through the use of biological, mechanical and chemical means.  In situations where more simplistic treatment mechanisms such as household on-site type systems are employed the contaminant removal capabilities are diminished.  Other kinds of contaminants such as volatile organics, frequently present in household items, will not be removed through septic systems and must be addressed in a different way if treatment plants are not employed.  To address this, DEP will require permittees to consider household hazardous waste collection programs in situations where treatment technologies do not remove volatile organics.  In addition, all groundwater monitoring programs for facilities utilizing the nutrient loading approach must require sampling for volatile organics.
Phosphorous is a nutrient that is frequently limiting in inland and freshwater environments.  Although phosphorus is bound chemically and mechanically to soil particles it may advance due to soil overloading because of large discharges or long-term discharges.  It moves slowly as a progressing front, overlapping gradually the larger layer below it.  Phosphorus movement can be modeled or estimated using appropriate assumptions in the nutrient loading approach.

B. Applicability of Nutrient Loading Approach Policy


The nutrient loading approach embodied in this Policy is offered as an optional approach to compliance with the groundwater discharge regulations in lieu of a conventional groundwater discharge permit by which wastewater is treated to 10 mg/l at a treatment plant.  Proponents now have an option of complying with 314 CMR 5.00 by maintaining an ambient groundwater concentration, based on total maximum nitrogen load, of 5mg/l in NSAs, or 10 mg/l in non-NSAs, monitored for compliance at downgradient wells.  This Policy does not alter proponents’ ability to apply for a conventional groundwater discharge permit.  Consistent with its exisiting authority, DEP may evaluate the impacts of conventional treatment plant discharges on sensitive receptors to assess whether more stringent discharge limits are warranted.


This Policy applies to all types of entities and facilities applying for groundwater discharge permits, existing permit holders, large systems and permittees proposing expansions of facilities.  Existing development in Nutrient Sensitive Areas will receive permits with nitrogen limits, either upon renewal of existing permits, or issuance of new permits to unpermitted discharges.


For purposes of this Policy, Nutrient Sensitive Areas will include:

1.
Interim Wellhead Protection Areas (IWPAs);

2.
Zone IIs;

3.
Nitrogen sensitive embayments;

4.
Areas dependent on private wells;

5.
Zone A’s for reservoirs;

6.
Site specific ponds, lakes, rivers or wetlands deemed to be nitrogen sensitive by DEP after specific site assessments; 

7.
Potentially productive aquifers
 that demonstrate hydrogeologic characteristics and aerial extent that indicate feasibility for public water supply well development; 

8.
Sole source aquifers; and

9.
Other areas deemed sensitive to nutrients by DEP on a site-specific basis.  Where warranted, these may include areas sensitive to nutrients other than nitrogen.


Municipal permittees may also employ this Policy, although the methodology of the Nutrient Loading Approach may require modification to better define the “site” given that municipal sewerage systems collect wastewater from a large land area that does not comprise the discharge site.  DEP will work with municipalities interested in applying the Nutrient Loading Approach on a case-by-case basis.  In cases where the discharge is in a nutrient sensitive area, municipal permittees will be required to assess the effects of nitrogen loadings from wastewater and other sources on the nutrient sensitive area.  Such assessment may be included as one component of a Comprehensive Wastewater Management Plan.  Depending on the results of the nutrient loading assessment, municipal permittees may also be required to develop and implement appropriate nitrogen controls on a variety of sources using, for example, land use controls.


The application and requirements of this Policy are described in Table 2.

Table 2.  Applicability and Requirements of the Nutrient Loading Approach

Nutrient Sensitive Areas


Option 1:  Use nutrient loading approach to meet 5 mg/l nitrogen at the property line.

                                        -- OR --
Option 2:  Build a treatment plant that treats to 10 mg/l.**

Additional Requirements:

(New Development

( Expansions of existing discharges above permitted design flows will be considered New Development.

( Where warranted by impacts to sensitive receptors, more stringent discharge limits may apply to treatment plants.

(Existing Development

( No reduction in level of treatment currently provided.

( Variation from the 5mg/l standard will be considered where historic well data indicates that the discharge does not elevate nitrogen levels in well.

( In watersheds DEP deems at critical stage, loading analysis and more rigorous treatment levels, or, in for municipalities, land use controls may be required.

( Discharges to Zone IIs and IWPAs (existing & new development)

( Treatment plants discharging into an IWPA or Zone II must apply DEP Reclaimed Water Policy.

( Proposed discharges into the IWPA of a PWS require the delineation of the Zone II.

( Discharges over 100,000 gpd or 20% of the well's approved yield will require redelineation of the Zone II boundaries.

( The DEP Zone II nitrogen loading model must be utilized to evaluate the sites impact on the PWS.

( The site's total ambient loading must not exceed 5 mg/l overall.



Non-Nutrient Sensitive Areas

Option 1:  Use nutrient loading approach to meet 10 mg/l nitrogen at the property line. 

                          --OR--

Option 2: Build a treatment plant that treats to 10 mg/l nitrogen.

Additional Requirements:

( No reduction of treatment level for existing development.



**DEP may use existing authority to impose more stringent standards where required to protect sensitive receptors.

C.  Nutrient Loading Approach

The nutrient loading approach is best understood as a two step process.  Step One requires a demonstration that a project utilizing a nutrient loading approach will not cause nitrogen concentrations from the site overall to exceed 5 mg/l nitrogen.  Step Two describes an approach to monitoring the groundwater effected by the project at the downgradient property boundary, and ascertaining whether a concentration less than 5 mg/l nitrogen in monitoring wells can be achieved.


1.  Step One:  Calculate the nitrogen load generated at the site.

There are presumably several sources of nitrogen at most sites.  These may include but are not limited to sanitary wastewater, fertilizer, runoff, feed lot or stable wastes and nitrogen in precipitation.  The nutrient loading approach requires calculating the total number of pounds of nitrogen discharges on a site over a one-year period and dividing that total by the volume of recharge from precipitation that leaches to replenish the groundwater table.  The simple formula that describes this concept is:

L  (load of nitrogen)                      = concentration (in groundwater)

V  (volume of dilutional recharge)


Load.  Load means the nitrogen that percolates downward to the groundwater table, and may derive from several site-specific sources.  The number of pounds contributed by each source must be determined and added together to establish a total load.  For example, when determining the nitrogen load from people at a residential facility, the most current local census data for population should be used to estimate anthropogenic nitrogen load.  Similarly, the portion of the total load contributed by fertilizer is calculated using fertilizer units based on the size of the lawn requiring maintenance and the volume of fertilizer applied.  Nitrogen inputs from runoff are dependent on the percentage of impermeable surface and the mechanisms for recharge.  A site with a large percentage of impermeable surface with leaching catch basins providing an effective mechanisms for avoiding loss through evaporation or transpiration may demonstrate higher recharge values than a permeable area that supports trees, shrubs or grass and normally sacrifices approximately one half of the precipitation that falls to evapotranspiration.


The following assumptions should be used to evaluate individual residential nitrogen loads when other effluent quality, metered flow or current local census data is unavailable in applying the nutrient loading approach:

( Residents generate 55 gallons/day of wastewater/person.

( Residential wastewater has a nitrogen concentration of 35 mg/l.

( Therefore, the annual load/capita is 5.9 lbs nitrogen/person/yr.

Applicants may adjust these assumptions to more accurately reflect local conditions, but must provide supporting documentation to DEP justifying their assumptions.


Volume.  The volume of water that is allowed to be used in the nutrient loading approach to dilute all of the nitrogen inputs is dependent on local historical rainfall, the percentage of rainfall recharging the subsurface, the mechanism for recharge and the size of the site.  For example, a site that is covered by 20% impermeable surface that drains to leaching catch basins may assume that all of the rainfall that falls on that 20% land area recharges the water table at a volume directly comparable to the volume of rainfall.  If the balance of the site is permeable, the recharge rate must be reduced to reflect the appropriate level of evapotranspiration.  Some town-specific and regional groundwater recharge rates are available from the United States Geological Survey office in Marlboro, Massachusetts. Several volume calculation examples are listed in Appendix A.  Some of the factors that may influence groundwater recharge rates are:  volume of rainfall, hydraulic characteristics of soil and geologic deposits, percentage of impermeable surface, density and type of trees, shrubs and plant life.


When calculating recharge to a site, the volume of wastewater containing nutrients should not be used unless it can be demonstrated to DEP's satisfaction that the wastewater has not been withdrawn from a well on the same site or from the Zone II of the well containing the discharge.


Assumptions.  In order to avoid an extensive site-specific analysis of nitrogen loading and appropriate recharge values, this Policy relies on certain generic assumptions derived from the DEP Nitrogen Loading Model.  These assumed values should be used unless a project proponent prefers to demonstrate that other assumptions are more appropriate.  Information regarding nitrogen inputs from various land uses may be obtained from the Instructional Manual that accompanies the DEP Nitrogen Loading Model or from the U.S. Geological Survey Open File Report 88-493.  If loading rates from the land use in question cannot be found in this document, or the other two sources listed, project proponents may submit metered flow data from land uses comparable to their own.  If the effluent concentration assigned by these documents is considered inaccurate by project proponents, they may sample the effluent as a basis for proposing a more suitable concentration provided the project proponent obtains the prior approval of DEP.


Title 5 Requirements.  Utilizing data that reflects realistic flow based on the number of occupants derived from census data is an important requirement for accurate nitrogen modeling.  The design and sizing of on-site septic systems is based on the peak resulting from a fully occupied household.  This conservative system design is warranted because of the inherent uncertainty regarding the ongoing occupancy status of households.  Accordingly, on-site systems must be designed based on Title 5 design flows set forth at 310 CMR 15.203.


Generally speaking, the minimum requirements of Title 5 pertaining to sizing, setbacks and apply to the use of on-site systems as well as more advanced treatment technologies.  Specifically, all shared systems, regardless of flow, authorized in a permit under this Policy must employ pressure distribution and an RSF or its equivalent.  All systems with a design flow of 2,000 gpd or greater must employ pressure distribution and an RSF or equivalent.  No shared system may exceed 10,000 gallons/day based on Title 5 design flows.  DEP will consult with the local BOH regarding the application of local regulations that are more stringent than Title 5.

Private Sewage Treatment Facilities.  Multiple lot residential development projects must also comply with the Department's Policy on Private Sewage Treatment Facilities (April 1999) which requires, among other things, that applicants grant a perpetual covenant and easement to the Department and supply financial assurances to ensure that all Private Sewage Treatment Facility users (either owners of lots served by on-site systems or lots served by a conventional sewage treatment plant) share the financial and operational responsibilities of the private wastewater treatment system.


2.  Step Two:  Determine how to monitor the groundwater concentration at the site.

Step One explains the nutrient loading analysis used to determine whether proposed development scenarios could meet an overall groundwater concentration standard of 5 mg/l nitrogen.  Step Two explains how to conduct appropriate compliance monitoring for facilities employing the nutrient loading approach.


The intent or goal of the groundwater monitoring program is to determine how the site or facility development will impact overall groundwater quality.  The hydrogeologic characteristics of each site will help determine the appropriate monitoring system.  DEP recognizes that simple plume tracking does not fully evaluate the resultant changes to groundwater quality, nor does it address how the small portion of flow being tracked fits into the actual volume of groundwater that should be considered.  Instead, more complex hydrogeologic studies are required.

Hydrogeologic studies must be undertaken as part of this nutrient loading approach in order to:

1)
establish site hydrogeology:

( groundwater flow direction

( groundwater flow velocity

( definition/description of subsurface materials;

2)
conduct mounding analysis;

3)
evaluate effects on potential receptors;

4)
locate monitoring wells; and

5)
allocate nitrogen loadings.

Groundwater directions must be accurately determined using standard hydrogeologic approaches. The period of time that it takes groundwater to flow from the upgradient edge of the site to the downgradient edge of the site must be determined based on the hydrogeologic characteristics of the subsurface materials encountered during monitoring well installation.

---------------' groundwater flow direction ----------'

A ---------------' time of travel --------------------' B

For every year of travel time it takes groundwater to move from point A to point B, the annual recharge rate should be added to the ten foot screen necessary to bridge seasonally fluctuating water tables.  Generally speaking, the groundwater that receives the discharge is depressed annually by the volume of recharge the site receives.  To accurately assess the overall impacts to the site from the wastewater discharge, the volume of both the recharge and the wastewater volume must be determined.


Sample Downgradient Monitoring Approach

Points A and B are located on opposite property boundaries of a site proposing to discharge wastewater to the ground.  Assume the distance between Point A and Point B is one mile.




A|------------------------------|B

A particle of groundwater takes 29 years to travel from Point A to Point B, a distance of 1 mile (5,280 feet), flowing at a rate of 0.5 ft/day.  If the annual recharge rate is 18"/yr, the monitoring well screen length should be 10 feet (fluctuating W.T.) + 1.5'/yr x 29 yrs = 55 feet.

The assumption underlying this calculation is that the groundwater affected by site is depressed annually by the volume of recharge to the site.


To complete the analysis, upgradient monitoring wells, designed to monitor the equivalent block of groundwater entering the site, should be constructed in the same fashion as downgradient wells.


Monitoring wells.  Downgradient monitoring wells will be the permitted compliance points for most permits utilizing this approach.
  Monitoring wells should be located to best evaluate how the block of groundwater potentially effected by the site as a result of hydrogeologic conditions has been influenced.  Unless there is a specific receptor that is sensitive to a specific nitrogen concentration (i.e., a private well that must meet the drinking water MCL of 10 mg/l nitrogen), the goal of the monitoring well program is to evaluate the site’s influence on the “block” of groundwater passing through the site.  Plume tracking does not accurately demonstrate the site’s overall impact on ground and surface water quality.


Differing geologic and site specific circumstances should dictate need and scope of a monitoring well network and how it is employed.  In situations where there is one permitted discharge, the concentration and volume of which reflects the sensitivity of the appropriate receptors, there may be no need for compliance monitoring wells.  In circumstances where there is more than one discharge or where discharges are from systems providing low levels of treatment, monitoring wells will be necessary.  Nitrogen generating land uses associated with permitted facilities (i.e., golf courses) will also necessitate the use of monitoring wells as measures of compliance.  The examples which follow in Section IV would-be more applicable in homogeneous, well sorted deposits than in situations with stratification or an inconsistent mix of materials such as moraine deposits.  In a layered situation or at a large site with heterogeneous subsurface materials, a cluster of wells screened at varying depths would be more appropriate.  A shallow aquifer may not allow for well clusters and long screens and may require more individual wells in order to ascertain the influence the discharge has on overall water quality.


Wells should span the downgradient edge of the site, but should not all be located directly downgradient of the discharge.  Depending on the size of the site, DEP may determine, consistent with the purpose of the nutrient loading approach, that the well water samples should be composited prior to analysis.  On larger sites, dividing the site into groundwater quadrants and monitoring them based on cross-sectional profiles may be the most representative approach.


For new discharges utilizing the nutrient loading approach, the 5 mg/l property line compliance monitoring is intended to foster a distribution of the discharge in order to make full use of the site’s land area.  During the project planning stages, the proponent should consider how the site constraints may influence the ability to meet the downgradient monitoring standard.  For example, a discharge very close to a downgradient property line would likely not achieve a concentration of 5mg/l at the property line.


Monitoring wells should be carefully located to evaluate property line compliance in situations where permitted activities have the potential to affect one another.  For example, permitted discharges and water withdrawals in close proximity to one another should be monitored to ensure that hydrogeologic assumptions concerning their separation are fulfilled.  The frequency of monitoring should depend on groundwater flow rates, the sensitivity of receptors and the proximity of receptors.


Monitoring planning assumptions and reporting requirements.  Because the nutrient loading approach relies on planning assumptions to assess the site’s acceptable loading, the continued accuracy of the assumptions must be monitored over time.  Special permit conditions will require permittees to monitor and report indicators of planning assumptions to DEP.  For example, in order to assess the validity of the assumptions concerning nitrogen generated by residents, permittees will be required to track the metered water flow supplied to the site to verify water flow levels.  In the event that data is inconsistent with the assumptions used to determine the permitted nitrogen load, DEP may revisit the permit requirements.  Likewise, permittees will be required to periodically confirm that Best Management Practices are being implemented fulfilled in cases where land uses may have critical effects on permit compliance.

D.  Special Permit Conditions Applicable to the Nutrient Loading Approach.


Monitoring and Reporting.  Groundwater permits will require “monitoring” of planning assumptions and contingency plans for addressing imprecise planning calculations.  Water meter readings should be used to corroborate or refute wastewater flow. In addition, all groundwater monitoring programs for facilities utilizing the nutrient loading approach must require sampling for volatile organics.


Compliance and Contingency Planning.  DEP will require all permittees employing the nutrient loading approach to consider how they will adjust planning assumptions if monitoring results identify any inconsistencies with the planning assumptions.  Contingency plans may include, but are not limited to, adding enhanced nitrogen treatments to systems, employing wastewater reuse, or moderating fertilizer use.  For example, if through monitoring and reporting it becomes apparent that the planning assumptions have underestimated the number of occupants per dwelling, and, therefore, the long-term loading assumptions, one possible contingency plan could be to add enhanced treatment or employ wastewater reuse to restore the site to the original permitted nitrogen loading level.


Noncompliance in a property line monitoring well is a violation of the permit and will require the permittee to, at a minimum, assess the cause of the elevated nitrogen levels and identify proposed corrective actions, subject to DEP approval.  Approaches that will be taken to restore compliance should be addressed in special permit conditions.  Escrow accounts sized to address the most likely of contingencies will also be a component of each permit.

On-site System O & M.  Permittees employing on-site systems will be required to inspect the systems on a regular schedule that is at least as frequent, or more frequent than Title 5 would require.  Maintenance and pump out programs will be mandatory components of permits issued using the nutrient loading approach.


Household Hazardous Waste Collection.  DEP will require permittees to consider household hazardous waste collection programs in situations where treatment technologies do not remove volatile organics.  Some possible approaches may include contracting for household hazardous waste pickup, education of residents concerning proper disposal of household hazardous wastes, or financial or capital contributions to support local household hazardous waste collection programs.


Financial Assurances.  In some cases, DEP may require permittees to provide financial assurances such as escrow accounts or letters of credit to fund emergency repairs and long-term capital replacement of treatment technologies.  Financial assurances are standard requirements of conventional groundwater discharge permits and Title 5 shared system permits.


Land Use Restrictions.  Special conditions to enforce the total nitrogen load limit for the site will require the grant of nitrogen loading restrictions or adoption of landowner association bylaws restricting land use to prevent additional sources of nitrogen loadings.  In addition, facilities that are private sewage treatment facilities (PSTFs), a covenant and easement running to DEP will be required in accordance with the DEP Policy on Private Sewage Treatment Facilities for Multiple Lot Residential Developments.


Reclaimed Water Use.  Projects discharging in a Zone II or IWPA will be required to comply with DEP’s Policy on Reclaimed Water (1999).

IV.  Examples of the Nutrient Loading Approach


A.  New Development


Example 1.  Comparison of on-site system loadings with sewered site loadings.


A condominium developer wants to put 100 3-bedroom condominiums on 25 acres of land, clustering the majority.  Twenty percent of the development is covered by impervious material (roof tops, roads, sidewalks, driveways, recreational areas), but leaching catch basins collect all runoff and rooftops drain to dry wells.  Out of the total area, 3 acres are artificially fertilized.  The wastewater flows may be included in the dilutional assumptions because the site is not in a Zone II and does not have a public water supply.  What would the resultant ambient groundwater concentration be if  (a) On-site systems are employed?  (b) a treatment plant treating to 10 mg/l nitrogen is employed?


Assumptions


Nitrogen Loads
( On-site Systems.  Local census data indicates on-average 3 persons per dwelling @ 5.9 lbs/nitrogen/person/yr for 100 condominiums.  This results in 1770 lbs/year/nitrogen total.

( Treatment Plant.  Local census data indicates 3 persons per dwelling @ 55 gpd x 10 mg/l nitrogen x 365 day/yr = 1.67 lbs/nitrogen/person/yr.

      3 persons x 1.67 lbs/nitrogen/person/yr x 100 dwellings = 501 lbs/yr/nitrogen total.

( Fertilizer.


3 acres of lawn @ 33 lbs/yr/acre leaching to the water table = 99 lbs

( Runoff
- nitrogen concentration in runoff is assumed to be 1.5 mg/l.

- impermeable acres runoff (5.7 million gallons/yr) @ 1.5 mg/l = 32.4

   million mg/yr or 71 lbs/yr.


Volume of Recharge
( wastewater recharge = 3 persons/dwelling x 55 gpd x 100 dwellings x 365 day/yr = 6 million gallons/year

( 18"/yr of rainfall recharges the water table which equates to .49 million gallons/acre/yr for 20 pervious acres = 9.8 million gallons/year;

( 20% of 25 acres (5 impervious acres) recharges the full volume of rainfall (42"/yr) which equals 1.14 million gallons/acre, or 5.7 million gallons/yr.


Step One:  Calculate the nitrogen load generated at the site.

On-site Systems
Load__
  = 1770 lbs    +   99 lbs   +   71 lbs


=  880 million mg     =  11 mg/liter

Volume
  9.8 million gal +  5.7 million gal  +  6 million gal         81 million liters


Treatment Plant treating to 10 mg/l nitrogen


Load = wastewater +  fertilizer + runoff

Load  
= 501 lbs   +   99 lbs   +   71 lbs
=  

305 million mg    =  3.8 mg/liter 

Volume
  9.8 mil gal +  5.7 mil gal + 6 million gal

81 million liters


Step 2: Determine how to monitor the groundwater concentration at the site.
Monitoring this site would require the installation of monitoring wells at downgradient property boundaries to monitor the permitted treatment plant discharge and the quality of groundwater leaving the site.  The location of discharge should be based on the property line compliance concentration and should be located at the upgradient end of the site.


Alternatively, the developer could locate monitoring wells to evaluate separate discharges from individual denitrifying systems, with a goal of evaluating the cross-section of groundwater leaving the site.


Discussion.  This site cannot sustain the proposed loadings and meet the necessary site loading concentration of 10 mg/l using strictly on-site systems.  The options open to the developer are to sewer the entire parcel and treat effluent to 10 mg/l nitrogen (3.8 mg/l) at a treatment plant, or to employ denitrifying systems to reduce all discharges from on-site systems to lower nitrogen concentrations.


Example 2.  Golf Course, Wastewater Treatment Plant and On-site Systems

A golf course/condominium developer owns 200 acres of land, and would like to build a 50 acre golf course and construct 200 homes on the fringes of the course, each with 5000 ft2 of lawn.  It is a Zone II and a very permeable geologic local which recharges 24"/yr to the water table.  There is 15% impervious cover that is quickly collected by leaching catch basins.


Assumptions


Acceptable site:  24”/year x 200 acres = 5420 lbs = 5 mg/l nitrogen


Proposed Nitrogen Loads
( On-site Systems.  Local census data indicates on-average 2.5 persons per dwelling @ 5.9 lbs/nitrogen/person/yr for 200 homes.  This results in 2950 lbs/year/nitrogen total.

( Treatment Plant.  Local census data indicates 2.5 persons per dwelling @ 55 gpd x 10 mg/l nitrogen x 365 day/yr = 1.67 lbs/nitrogen/person/yr.

      3 persons x 1.67 lbs/nitrogen/person/yr x 200 homes = 835 lbs/yr/nitrogen total.

( Fertilizer.


Lawn fertilizer:  200 homes x 5000 ft2/lawn = 33 lbs/acres nitrogen = 757 lbs nitrogen


Golfcourse fertilizer = 50 acres
 x 38 lbs/acre = 1900 lbs

( Runoff


15% of 200 acres = 30 acres

nitrogen concentration in runoff is assumed to be 1.5 mg/l

@ 42”/year x 1.5 mg/l nitrogen = 427 lbs/year
Volume of Recharge
( impervious surfaces – 42 “/yr for 30 acres = 34.2 million gal/yr or 129.4 million liters/yr

( pervious surfaces – 24 “/yr for 170 acres = 110 million gal/yr or 419 litres/yr


Step One:  Calculate the nitrogen load generated at the site.

On-site Systems

Load   =  2450 lbs  +   757 lbs  +  1900 lbs  + 427 lbs =  6034 lbs__     =   5 mg/l nitrogen 


Volume     419 million liters + 129 million liters
  548 mil liters 

Treatment Plant (10 mg/l)

Load   =  835 lbs  +  757 lbs  +  1900 lbs  +  427 lbs

=  3919 lbs
= 3.24 mg/l nitrogen


Volume  419 million liters + 129 million liters
             548 mil liters


Step Two: Determine how to monitor the groundwater concentration at the site.

Monitoring the quality of groundwater leaving the site is dependent on the geologic subsurface materials.  The size of the site might allow for subdivided into quadrants and monitoring the densest population of systems in a groundwater stream to do.  The full breath of the site must be considered.  Multilevel well clusters may be required depending on opera for depth and/or subsurface stratigraphy.  Site monitoring should be discussed with DEP hydrogeologists.

Discussion. In this example, the developer runs the DEP Zone II loading model for a buildout scenario and concludes that the site will not elevate nitrogen concentration in the public water supply to an unacceptable degree.  The local planning board concurs.  In this case, the very high recharge rate (24 "/yr) accommodates a higher site loading which is enhanced to an even greater degree by rapidly recharging 30 acres worth of the runoff through a stormwater recharge system.


Any additional construction would trigger the need for enhanced treatment on existing systems because the 200 units are at 5.00 mg/l.  All planning assumptions and land uses must be "locked in" through deed restrictions, bylaws or comparable enforceable documents.


Example 3.  A Mixed Use of Treatment Technologies in a Zone II

A developer proposes a mix of treatment technologies for a 90 acre parcel on which he/she proposes to cluster 250 homes.  The recharge rate is 18"/yr, 15% of the site is impervious, but only 10% utilizes leaching catch basins.  There are ten acres of manicured lawn.  The occupancy rate based on current census data is a 2.75 average.  The site is within a Zone II and cannot include wastewater flows in recharge calculations.


Step One:  Calculate the nitrogen load generated at the site

Acceptable Site Load


Assuming uniform recharge of 18”/yr  x  90 acres = 1834 lbs = 5 mg/l

Proposed Nitrogen Load
( On-site systems. 250 homes x 2.75 people/home x 5.9 lbs nitrogen/person/yr = 4056 lbs

( Lawn Fertilizer.  10 acres x 33 lbs/acre/yr = 330 lbs/yr

( Runoff. 9 acres x 1.14 million gallons/yr/acre x 1.5 mg/l nitrogen = 58 million mg or 26 lbs/yr

Volume
( Pervious recharge.  81 acres x 18"/yr = 39.6 million gallons/yr

( Impervious recharge.  9 acres x 42"/yr = 10.3 million gallons./yr


Load   = 4056 lbs + 330 lbs + 26   

=  2003 mil mg
= 10 mg/l 


Volume   39.6  +  10.3 (million gal)

    199 mil liters


Step 2:  Determine how to monitor the groundwater concentration at the site.

Monitoring the site must address the mixed-use of wastewater disposal technologies.  Again, because of the parcel's size in the use of on-site systems, said dividing the site into quadrants in my train the heaviest density of systems in any stream to might be appropriate.  The use of clustered wells and composited samples would be depending on the site hydraulics and subsurface geologic conditions.


Discussion.  All 250 homes utilizing septic systems far exceeds the 5 mg/l standard. Sewering all the homes and treating the wastewater to 10 mg/l results in a concentration of 3.68 mg/l.  A mix of 200 sewered homes and 50 on-site septic systems results in a concentration of approximately 5 mg/l.


Example 4.  I/A Systems for Nitrogen Reduction

What type of nitrogen reducing technology would be required to allow for the siting of a 80-unit condominium on 20 acres of land.  The recharge rate is 18"/yr, the % impervious surface is 12%, and there are two acres of manicured lawn.  Because the site is not within the Zone II of the well that provides it with water, the wastewater volume may be included in the dilution calculations.


Step One:  Calculate the nitrogen load generated at the site

Acceptable Site Load


( 18”/yr x 20 acres = 407 lbs/yr


Load
· ( On-site systems. 2.5 occupancy x 80 units x 5.9 lbs nitrogen/person/yr = 1180 lbs/yr

· ( Lawn Fertilizer.  2 acres x 33 lbs nitrogen/acre/yr = 66 lbs/yr

· ( Runoff.  2.4 acres x 42"/yr/acre x 1.5 mg/l nitrogen = 15.5 million mg = 7 lbs

Volume

( Wastewater recharge.  2.5 occupants x 80 homes x 55 gpd x 365 = 4.02 mil gal/yr

( Pervious recharge.  17.6 acres x 18"/yr recharge = 8.66 million gallons/yr

( Impervious recharge.  2.4 acres x 42"/yr recharge = 2.7 million gallons./yr


Load   =  1180 lbs + 66 lbs + 7
      =   568 mil mg      = 9.7 mg/l nitrogen 


Volume    8.6  +  2.7 (million gal) 

58 mil liters

Discussion.  Because the site is within a Zone II, the 5 mg/l standard applies.  Utilizing on-site systems produces a background concentration that is double the acceptable concentration.  Utilizing wastewater treatment technologies that treat nitrogen to the listed concentrations for all homes results in the following ambient concentrations:

Nitrogen Concentration Treated to
Resulting Site Concentration Nitrogen

10 mg/l
3.2 mg/l

19 mg/l
5.5 mg/l

25 mg/l
7.15 mg/l

The developer must treat to an overall standard of 5 mg/l.  Several treatment options exist utilizing a mix of technologies that will result in a loading in pounds each gradient to an ambient 5 mg/l concentration.
B.  Existing Development

Example 5.  Title 5 systems on a large parcel in a Zone II
A community of 120 seasonal residential dwellings lie on 85 acres of a land in a Zone II.  Forty of the 120 homes are used year-round, 80 are used for six months of each year.  Forty of the 85 acres have a diminished recharge rate of 12’/yr, the balance 18”/yr.  All dwellings are sewered by Title 5 systems.  How should this existing, large facility be treated?  It has been in existence for 70 years.

Site Capacity
40 acres @ 12”/yr  =
13,033,152 gal

45 acres @ 18”/yr  = 
1,993,444 gal



-------------------




        =
132.5 mill mg

The site can sustain a nitrogen load of 1459 lbs/yr and stay within the 5 mg/l nitrogen Zone II goal.


Step One:  Calculate the nitrogen load generated at the site.
Site Loadings
40 year-round homes

3 x 5.9 lbs/yr x 40 =
708 lbs/yr

3 occupants/dwelling

lawn @ 33 lbs
     =
  33 lbs/yr

1,000 ft2 lawn/dwelling

total:

741 lbs/yr

80 seasonal homes

3 x 2.9 lbs/yr x 80 =
696 lbs/yr

3 occupants/dwelling

lawn                      =
 60 lbs/yr

1,000 ft2 lawn/dwelling

total:         =
756 lbs/yr





----------------------------------------








TOTAL:
1497

Discussion:  The site loading rate of 1497 exceeds the 5 mg/l goal of 1459 lbs/yr and equates to 5.6 mg/l.  Based on historic data, the public water supply well has shown no indication of water quality degradation, with no increasing nitrogen concentration.  Given that this land use has existed for 70 years without a demonstrated negative impact on the well, DEP is comfortable allowing this discharge to continue at this loading rate under a permit requiring ongoing monitoring and reporting.  Furthermore, DEP recommends a groundwater discharge permit that requires reporting of all planning assumptions, deed restricts homes to remaining seasonal, maintains pervious surfaces, requires regular inspections, maintenance and pump outs, establishes enforceable oversight entity for enforcement and establishes appropriately sized escrow accounts.  A monitoring program should be established to review planning assumptions and property line groundwater quality.

Step Two: Determine how to monitor the groundwater concentration at the site.

Monitoring wells should be located and constructed to evaluate the entire length of downgradient property line.  Again, because of the site’s size, dividing it into groundwater quadrants and monitoring the area downgradient of the site’s most dense on-site locations might provide a representative sampling approach.

Example 6.  Relatively Large Title 5 Systems in Zone II
An existing condominium group located in a Zone II on 25 acres of land has three 5,000 gallon per day discharges to on-site systems.  There are five acres of fertilized lawn and three acres of well drained impervious surface.  The public water supply well shows gradually increasing nitrogen concentrations over time, going from an average nitrogen concentration of 0.5 mg/l in 1985 to an average of 2.0 mg/l in 1995.  How should this facility be handled?

Site Capacity
22 acres @ 18”/yr
= 40.7 million mg/yr

3 acres @ 42”/yr
= 12.9 million mg/yr


Total:


= 53.6 million mg/yr

The acceptable load on this 25 acre parcel is 590 lbs/yr nitrogen to maintain the Zone II 5 mg/l nitrogen standard.


Step One:  Calculate the nitrogen load generated at the site.
Site Loadings
3  5,000 gallon/day x 35 mg/l


= 1597 lbs

5 acres fertilized lawn (5 x 33 lbs/acre/yr)
=  165 lbs





Total (yr)      
= 1762 lbs

Discussion.  With continued use of on-site systems, the loading at this site is unacceptably high and contributes to the degradation of the public water supply.  Building a treatment plant and treating all of the wastewater to 10 mg/l nitrogen would decrease the site’s load from 1762 lbs to a more acceptable 620 lbs/yr.  Even though this loading rate slightly higher than the goal of 590 lbs/yr to achieve 5 mg/l, it is acceptable because the 30 pound differential in load is unlikely to have a measurable effect on the water quality in the well.
V.  Upcoming Regulatory Revisions

For the purposes of this Policy, the nutrient loading approach represents an option for applicants and an assessment tool for DEP.  DEP intends to evaluate and refine this Policy as it is implemented through the issuance and oversight of groundwater permits, with a goal of incorporating a final nutrient loading approach in amendments to 314 CMR 5.00 in the near future.  Comments or questions concerning this Policy should be directed to Alan Slater or Mike Rapacz.

Appendix A

Conversions and Assumptions

Note:  The calculations in this Policy rely on the following standard assumptions. Proponents may use these assumptions unless, in accordance with current literature suggesting different nitrogen concentrations for various land uses, DEP requires alternative nitrogen concentrations to be used in nitrogen load calculations.

Load

1 lb = 454,000 milligrams

lbs nitrogen/person/yr = 55 gal/person/day x 35 mg/l nitrogen x 365 days = 5.9 lbs/person/yr

lawn fertilizer = 31 lbs/1000 square feet x 43,560 x 0.25 leachability = 33 lbs/acre/yr

golf course fertilizer = 3.5 lbs/1000 square feet x 43,560 x 0.25 leachability = 38 lbs/acre/yr

Volume

1 cubic foot = 7.48 gallons

1 acre = 43560 square feet

1 acre foot = 325,828 gallons

Appendix B
Nutrient Loading Models

The following nutrient loading models are available for use in undertaking projects described in this Policy.

Site Specific Nutrient Loading
-
This Policy describes site specific requirements for development requiring groundwater discharge permits.  It applies to both nutrient sensitive and non-Nutrient Sensitive Areas.

-
Technical Bulletin 91-001, Cape Cod Commission, Nitrogen Loading - this document articulates the nutrient loading approach required by the Cape Cod Commission for projects under their jurisdiction. It generally applies site by site but includes assumptions that are transferable to watersheds.

DEP Zone II Nitrogen Loading Model

This model is available on the DEP website www.state.ma.us/dep.  It describes an approach to predicting nitrogen concentration in public drinking water wells based on a current zoning buildout reflecting the existing and potential land use development within an approved Zone II.  It is a computerized land use model with assumptions and threshold values transferable to watershed loading assumptions.

Embayment Flushing Models

The Cape Cod Commission has different flushing models to address dilution and flushing in embayments with differing physical characteristics.  These calibrated two-dimensional models reflect different tidal cycles and residence times.  The Commission will discuss the appropriate model and its use.

Appendix C
Planning Checklist

The following list of issues should be addressed in groundwater discharge permits issued to facilities or developments utilizing a nutrient loading approach.  Note that this is a comprehensive list and certain components may not apply in all situations.

Planning Assumptions
· Number of occupants - metered water data or direct census.

· % impermeable surface - maps, plans, aerial photos.

· drainage from impermeable surface - plans and specifications showing leaching catch basins and drainage structures, and roof drains.
Hydrogeologic Assumptions
· Recharge rate verified - U.S.G.S. data, soil type maps, surficial geologic maps

· Groundwater flow direction and velocity - hydrogeologic evaluations.

· Generation of a water table map demonstrating effluent flow characteristics - hydrogeologic study.

· Mounding influences on the water table - hydrogeologic study.

· Particle tracking models to predict plume movement - hydrogeologic study.

Monitoring Well Location, Construction, and Sampling
· Located based on disposal location(s) and water table map.

· Constructed based on site specific hydrogeologic parameters (clustering vs. individual, multiple screens vs. discrete screens).

· sampling approach - composting vs. individual, compositing of multilevel vs. discrete results - site dependent determination based on subsurface geology.

· Parameter and testing time frames.

Best Management Practices
· Fertilizer application rates - fact sheets, educational materials, BMPs, compliance link, required BMPs.

· Road drain and drainage structure maintenance - required maintenance plan ensuring that their proper functioning supports planning assumptions.

· Household hazardous waste materials - fact sheets describing local program, educational materials, role in improving the local program.

Ownership, Enforcement, and Restrictions

· Established oversight entities (e.g., landowner’s association) that monitor compliance with total nitrogen loading limitation

· Financial assurances (e.g., escrow account, letter of credit)

· Land use controls that enforce total nitrogen loading limits

· Compliance clearly defined

Contingency Plan
Process and contingencies, should planning assumptions be inaccurate and/or should noncompliance at monitored locations become an issue.

Utility Performance
· Required inspection and pump out program.

· Required sludge and septage hauling program.

· Required maintenance of disposal area.

Appendix D

Examples of Nitrogen Trading Options


The following examples are conceptual situations currently under discussion within the Department and may be included in future regulatory revisions to 314 CMR 5.00.

The following two examples portray applying the nutrient loading approach to existing facilities.

Nitrogen Trading in a Zone II
A hotel builder proposes to build a hotel on 1.5 acres of land in a Zone II.  The estimated flows from the hotel are 4,500 gallons per day.  The recharge rate is 42”/year because the entire 1.5 acres is paved and drains immediately to leaching catch basins.

Allowable loading on 1.5 acres @ 42” recharge:

Load    
= 32,373,126 mg
= 5mg/l
=
71 lbs/year

Volume
= 6,474,625 liters

Proposed Discharge Loading

=  137 lbs/year

4500 gal/day @10 mg nitrogen

The hotel developer has three options:

1. They may run the DEP Zone II Nitrogen Loading Model and, dependent on the result, be allowed the 71 lbs. allocation for the site.  If the hotel owner employs Best Available Technology and removes nitrogen to a standard of 5 mg/l and immediately recharges all of the precipitation that falls on the 1.5 acre site, they will discharge approximately 68 lbs/yr and have the appropriate dilution to dilute to below 5 mg/l nitrogen.

OR

2. II Nitrogen Loading Model and, dependent on the result, be allowed the 71 lbs/year allocation for the site and remove the balance of nitrogen (137 - 71 = 66 lbs/year) from elsewhere in the Zone II.  This may be accomplished by building an advanced treatment plant, treating hotel wastewater and that of neighbors or abutters through sewering.  A reduction of 66 lbs/year would require sewering five 3-occupant homes and treating hotel and residential wastewater to a standard of 10 mg/l nitrogen 
OR

3. The hotel developer may opt to build a treatment plant and sewer not only the hotel, but sufficient residential or commercial land use to offset the hotel design flows and effectively add no nitrogen to the Zone II.  This would require treating hotel flows and ten 3-occupant residences to a standard of 10 mg/l nitrogen.

Nitrogen Loading in a Builtout Zone II
A developer proposes to build a retirement/assisted care facility on 25 acres in a Zone II.  Upon running the DEP Zone II model, it is apparent that, based on current zoning, the well will be over 5 mg/l nitrogen.  The developer decides to build an advanced wastewater treatment plant and sewer areas abutting his own so that the nitrogen from the retirement facility will be completely offset.  He proposed to house 100 people, has five acres of manicured lawn, and 3 acres of well drained pavement.  What does he need to do to offset his site loadings?

Site Acceptability (maintain 5 mg/l nitrogen Zone II standard)


22 acres @ 18”/year recharge
= 40.7 mill mg/yr.


  3 acres @ 42”/year recharge
= 12.9 mill mg/yr.





Total

= 53.6 mill mg/yr.


The acceptable load on this 25 acre parcel is 590 lbs./year nitrogen.

Proposed Site Loading
· 5 acres fertilized lawn (5 acres x 33 lbs./acre)
= 165 lbs.

· 100 clients/staff @ 1.67 lbs/person/year

= 167 lbs.






Total


= 332 lbs.

The developer proposed loadings are well within the 5 mg/l - 590 pound limit.  They must therefore remove 348 pounds from elsewhere in the Zone II to negate his site’s impacts. Since his treatment plant treats to 10 mg/l from the 35 mg/l associated with residential wastewater, he would have to sewer 25-3 occupant residences to offset or negate his own sites loading.

Nitrogen Trading In An Overloaded Nitrogen Sensitive Embayment
A developer proposes to construct a condominium development and golf course on 85 acres in a coastal watershed that drains to a sensitive estuary already suffering from eutrophication problems.  The proposed development includes 50 acres of golf course, 100 3-bedroom condominiums, 5 acres of well drained impervious surface, and 5 acres of manicured residential lawn.  What approach should be undertaken to develop this parcel?

Step 1:
The developer must determine the sensitivity of the embayment and the potential nitrogen load from this proposed site.

Answer:  The sensitivity of the embayment is determined by completing an estuarine flushing model and by determining the annual loading from the watershed contributing groundwater to the estuary (Appendix B).

The proposed loadings to the site are:

50 acres of fertilized golf course @ 38 lbs/acre/year
=  501 lbs/year

5 acres lawn @ 33 lbs/acre/year



=  165 lbs/year

100 dwellings @ 3 people/unit x 1.67 lbs/year

=  501 lbs/year

(assumes a nitrogen treatment level of 10 mg/l)    
Total
= 2566 lbs/year

Step 2:  Determine the sites loading allocation.

The estuary is already overloaded.  The developer must negate any nutrient loadings at the site by removing a commensurate load (2566 lbs.) from elsewhere in the watershed.

Step 3:  Nutrient trading

In order to remove 2566 pounds nitrogen from the watershed to offset site inputs, the developer may construct an advanced treatment plant on the condominium site and sewer neighboring areas, construct a second treatment plant elsewhere and sewer or may fund the construction/maintenance of I/A systems in the watershed capable of removing 2566 pounds from several systems.

Some examples of commensurate load reductions:




2566 lbs. nitrogen removal/year

· 136 3-occupant residences (Title 5 systems)

· 251 3-occupant residences utilizing I/A systems - nitrogen @ 19 mg/l

· 1 9000 gallons/day strip mall and 86 3-occupant residences

Step 4:  Hydrogeologic evaluations would be required to evaluate the hydraulic and ground and surface water quality implications of any of these proposed options.  The removal of nitrogen from elsewhere in the watershed through the employment of treatment plants or I/A systems and the site specific hydrogeologic evaluation should allow for limited site development in areas thought to be overly developed.

� For purposes of simplifying the discussion in this Policy, the terms nitrate, nitrogen, and total nitrogen are used interchangeably.


� Potentially productive aquifers are:


(a) all aquifers delineated by the U.S. Geological Survey (USGS) as a high or medium yield aquifer; and


(b) all aquifers located east of the Cape Cod Canal (Cape Cod), on the Elizabeth Islands, on Martha's Vineyard, or on Nantucket.


310 CMR 40.0006.


� In addition to property line monitoring and compliance points, DEP will require monitoring of treatment plant effluent and volume as typical of a conventional permit requirement whenever applicants employ a conventional treatment plant.  The applicable nitrogen limit for effluent from conventional treatment plants will be 10 mg/l at the point of discharge.


�  See Appendix  A.


� See Appendix A.





This information is available in alternate format by calling our ADA Coordinator at (617) 574-6872.
DEP on the World Wide Web:  http://www.state.ma.us/dep
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