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Preface



On-site wastewater systems are treatment and disposal systems that discharge treated wastewater at, or relatively close to, the source of the wastewater.  On-site systems range from cesspools and basic conventional septic systems with gravity-flow drainfields all the way up to advanced on-site technologies such as recirculating sand filters followed by ultraviolet light disinfection units and pressure-dosed drainfields. More advanced systems that provide near-drinking water quality, or alternatively, phosphorus removal are currently in research and development.  The typical on-site system serves an individual building or home, but multi-building, cluster, or communal systems that serve 40, 50, or more than 100 homes may also be referred to as “on-site”.  More recently, the combination of individual on-site systems serving single family homes and cluster on-site systems serving subdivisions and small communities have been collectively referred to as decentralized wastewater management systems.  We utilize the terms “on-site” and “decentralized” interchangeably in this publication.



This guidance document provides a new approach to the use and management of decentralized systems for Massachusetts communities.  It describes a process for site evaluation, design, and engineering of on-site systems within a management context that addresses both risk management and long term operation and maintenance.  System performance assessment and protection of water resources from adverse impacts is provided on a community-wide scale through the use of a local or regional wastewater management entity.  The document provides a logical process for incorporating treatment performance standards into the Massachusetts on-site program on a watershed by watershed basis.  Furthermore, while the process identifies and protects public water supplies and highly valuable water resources from contamination, it also provides for remediation of existing, failing conventional septic systems and ineffective cesspools by allowing substantial flexibility of the prescriptive siting criteria included in the Massachusetts on-site system rules (Title 5).  In short, this document describes a systematic approach to providing an affordable wastewater management infrastructure for small communities when public sewers connected to a regional wastewater treatment plant are not economically feasible.  This topic is addressed from the viewpoint of Massachusetts’ needs, but the document provides insight that will be useful throughout New England and the rest of the nation.



	This “Site Evaluation, Design, and Engineering” document is part of a coordinated effort to bring on-site technologies into the mainstream of wastewater infrastructure options available for use by small communities as a long term solution to wastewater management.  This effort began with a February 1992 conference sponsored by the Waquoit Bay National Estuarine Research Reserve (WBNERR) to address the problem of nitrogen removal from on-site wastewater systems.  As a result of that conference it became clear that a renewed effort was needed to upgrade failed conventional septic systems and ineffective cesspools with more advanced wastewater treatment systems that are managed effectively.  One approach to do this includes building extensive public sewers that are connected to a large, regional wastewater treatment plant.  Frequently, this is the system of choice for a community.  Sometimes, however, sewers are prohibitively expensive for a community, or could lead to an increase in the density of development in the community or to such large interbasin transfers of water that secondary environmental and/or water resource impacts are considered unacceptable.  Decentralized wastewater management utilizing advanced on-site technologies to replace failed conventional septic systems and ineffective cesspools is an alternative approach to mitigating the impacts of failing septic systems in a community.  “Decentralized wastewater management” is shorthand for the “centralized management of dispersed, single family and cluster on-site wastewater treatment systems in a community”.  This approach concedes that advanced on-site technologies require a more sophisticated management approach than has been traditionally used for conventional septic systems and cesspools.



	Another outgrowth of the 1992 WBNERR conference was the formation of a statewide ad hoc Task Force for Decentralized Wastewater Management, that includes representatives from several towns, the Massachusetts Department of the Environment (DEP), the Cape Cod Commission, WBNERR, the Massachusetts Bay Program, the Coalition for Alternative Wastewater Treatment, the Marine Studies Consortium, and others.  The ad hoc Task force now includes representatives from throughout New England.  The ad hoc Task Force has been meeting for several years to explore and develop a wider and more creative range of tools to manage wastewater treatment technologies that fall “in-between” centralized sewers and individual conventional septic systems.  This effort has directly resulted in this “A Framework for Site Evaluation, Design, and Engineering of On-Site Technologies Within a Management Context” document.  This publication is part of a four-part series of guidance documents.  Three companion guidance documents prepared for the ad hoc Task Force include:

A Massachusetts Guide to Needs Assessment and Evaluation of Decentralized Wastewater Treatment Alternatives, 1995  by A.L. Arenovski and F.C. Shephard. (The “Planning Document”)

Managing Wastewater: Prospects in Massachusetts for a Decentralized Approach, 1996 by F.C. Shephard.  (The “Management Document”)

On-Site Management Programs: Paths to Their Establishment and Oversight (currently under development).  (The “Accountability Document”)



All four documents will be available from the Marine Studies Consortium and the Waquoit Bay National Estuarine Research Reserve, as well as on the Massachusetts Department of Environmental Protection Home Page.  The ad hoc Task Force’s work is an on-going project that will include a two-part outreach program during 1997 to assist municipal officials, engineers, planners, and health agents in understanding approaches described in the four guidance documents so they can begin to implement such programs in their communities.  A series of workshops in Spring 1997 will be based upon the “planning” and “site evaluation, design, and engineering” guidance documents.  The second part of the outreach program will be a series of workshops in Fall 1997 that will discuss the essential components of on-site management programs, and will examine issues related to establishment and oversight of successful management programs in Massachusetts.



	If you are interested in becoming involved with the Task Force, would like to purchase a publication, or would like to be placed on a mailing list for announcement of upcoming meetings and workshops sponsored by the Task Force, please contact:

Dr. Andrea Arenovski, Task Force Coordinator, Marine Studies Consortium, 

400 Heath St., Chestnut Hill, MA  02167   phone (617) 566-8600.
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�Executive Summary



The choice of a wastewater management infrastructure for a community traditionally falls into one of two extremes – poorly maintained conventional septic systems or highly maintained centralized sewer systems.  This document describes a progressive approach to providing a new, different type of wastewater infrastructure for small communities.  Our approach facilitates a complete spectrum of wastewater treatment options via the broadscale use of managed decentralized systems.  Decentralized systems range from basic conventional septic systems to more advanced on-site technologies that treat wastewater from single family homes or from clusters of multiple homes and businesses in a small community.  Managed decentralized systems bridge the two existing infrastructure extremes (poorly maintained conventional septic systems and cesspools on one hand and highly maintained public sewers with regional wastewater treatment plants on the other) with a range of wastewater treatment options that can protect public health and the environment.



This progressive view of site evaluation, design, and engineering of decentralized technologies is defined within the context of management on two levels:



management on a lot-by-lot basis of individual systems and clustered systems to assure their continued effectiveness and protection of public health in the immediate area, and

management on a watershed basis to control and minimize environmental impacts or degradation of water supplies and water resources.



In our approach, the value of the water resources (we call these the receiving environments) and their vulnerability to pollution determine the types of on-site technologies allowed within a watershed or subwatershed area. 



	The document explains that a progressive regulatory structure is based upon treatment performance standards targeted to wastewater treatment needs in specific watershed areas.  This approach is compared to the existing prescriptive siting and design standards that are currently applied uniformly across the entire state.  Nine treatment performance standards ranging from primary treatment, secondary treatment, tertiary treatment, nutrient removal, and wastewater reuse to a drinking water standard are defined for decentralized technologies.  Advanced on-site treatment and distribution technologies that should be able to meet these treatment performance standards are discussed.  The advanced technologies and subsequent sophisticated management provided under the progressive regulatory structure described here facilitates a range of options for mitigating existing lots that have failing conventional septic systems or ineffective cesspools.  The “inspection at the time of sale” requirement of Title 5 (the Massachusetts on-site system code) has brought to the forefront the recognition of the need for system upgrades and better long term management.  This must be a priority.   The decentralized approach described in this document will help provide better solutions than are currently advocated for remediation of existing failing septic systems in a community.



	An effective, risk management approach to on-site technologies is described here for the first time in the United States.  The document provides a logical process for qualitatively assessing the risks from on-site systems on a watershed basis and then goes on to provide a detailed management scheme for controlling those risks. Ranking watershed areas according to the value of their receiving environments (ground water and surface water resources) and their vulnerability to contamination is the heart of this approach.  One way to assess the “value” of the water resources is to rank the water resources from those that would have the greatest consequence to the public if contaminated to those that would have the least consequence if contaminated.  For example, ground waters that are utilized for public water supplies are more valuable than other ground water resources, and regionally important aquifers that are extensively used for private wells are more valuable than sporadically used, unproductive aquifers.  Surface waters are treated in a similar fashion.  The critical areas around water supply reservoirs are more valuable and need greater protection than outlying areas in the water supply watersheds.  Likewise, nutrient sensitive coastal waters, shellfish harvesting waters and bathing beaches are more valuable than other surface waters used only for secondary recreation.  



The soul of the risk management approach is a ground water and surface water protection matrix that classifies each subwatershed area into one of five control zones (called R5, R4, R3, R2, or R1).  Each control zone has specific control measures that apply to it.  Control measures include management and pretreatment requirements.  Control measures also specify the level of flexibility allowed from statewide prescriptive siting criteria for mitigating failing systems and ineffective cesspools on unsuitable sites.  More flexibility in siting criteria is allowed where the treatment performance standard requires a higher level of pretreatment prior to dispersal and final treatment in the soil.  Control measures are most restrictive in Control Zone R5 where the receiving environment (the water resource) is of greatest value and most susceptible to pollution.  Control measures become progressively less restrictive down to Control Zone R1 where the receiving environment is of relatively limited value or is less vulnerable to contamination.  This matrix forms a new approach to wastewater management that looks at the “big picture” or the cumulative effects of on-site systems on water supplies and water resources on a watershed basis, rather than on a lot by lot basis.  



For each control zone (R5 through R1) the document identifies appropriate treatment performance standards that must be achieved by on-site systems and specifies when and where these systems can be used.  These relationships must be considered tentative and approximate until officially approved or modified by the state DEP.  However, specific values are presented in the document for the purpose of discussion and potential concurrence by the state.   For example, Control Zone R4 contains important or vulnerable water resources.  Any newly installed on-site system in Control Zone R4 must at least meet Treatment Standard 3 (TS3) regardless of the soil conditions at a site.  TS3 is a tertiary level of treatment such as that provided by a pressure-dosed, intermittent sand filter.  This requirement for sand filter pretreatment on all soils in Control Zone R4 goes beyond what Title 5 currently requires.  Title 5 currently allows a conventional septic system to be installed in highly permeable soils if 5 feet of vertical separation is maintained between the trench bottoms and the ground water regardless of the sensitivity of the receiving environment.  On the other hand, if only 3 feet of vertical separation is possible at the same site, Title 5 does not allow the site to be used without modifications to increase the separation distance, regardless of the amount of pretreatment incorporated into the design.  Within our risk management context, the same site with 3 feet of vertical separation could be permitted in Control Zone R4 utilizing a system that meets Treatment Standard 7 (TS7) and is closely monitored by a local or regional management entity.  TS7 is a tertiary level of treatment with advanced disinfection such as that provided by a recirculating sand filter followed by UV light disinfection.



In comparison, the receiving environments in Control Zone R1 are relatively less valuable or less vulnerable to pollution than those in Control Zone R4.  The soil with 3 feet of vertical separation that was mentioned earlier, cannot be permitted without importing fill material under existing, prescriptive Title 5 requirements even though the potential for environmental degradation is minimal in Control Zone R1.  However, if the management context we describe here is utilized, then a pretreatment system that meets Treatment Standard 2 (TS2) could be used on this soil without having to import large quantities of fill material.  TS2 is a secondary level of wastewater treatment such as that provided by an aerobic treatment unit.  Recent research efforts have clearly shown that pretreatment can be substituted for soil depth to obtain similar net levels of wastewater treatment (Duncan, et al., 1994).  The amount of wastewater treatment provided by a pretreatment unit meeting TS2 combined with the treatment provided by a permeable soil that has a 3 feet vertical separation distance should equal, or exceed, the level of treatment provided by a permeable soil with a 5 feet vertical separation distance.  This combination of pretreatment and soil treatment should minimize any potential public health concerns from utilizing a site that has only 3 feet of vertical separation in Control Zone R1.  Similar comparisons could be made for all control zones.  

As indicated earlier, the control zone (R5 through R1) also dictates the type and intensity of management that must be provided in the watershed.  All existing systems must be inspected and upgraded as needed in Control Zones R5 and R4.  Ground water and perched water down gradient of all medium to large flow systems (>1000gpd) must be monitored in Control Zones R5, R4, and R3.  The local or regional management entity must conduct periodic system monitoring inspections in all Control Zones; however, the frequency and intensity of inspection varies with the size and complexity of the system.  The  local or regional management entity must also conduct ecological resource assessments of the cumulative effects of on-site systems in subwatershed areas classified as Control Zones R5, R4, and R3.  The intensity of these assessments varies from Control Zone to Control Zone with more extensive assessments in R5 than in R3.  This allows the local or regional management entity to prioritize its efforts and focus upon water supply areas and other highly valuable water resource areas that are the most vulnerable receiving environments in the watershed.



The final section of this Site Evaluation, Design, and Engineering document describes the step by step process a community would use to implement local or regional management of on-site systems within this risk management context.  These steps include:



Conducting a needs assessment for the community to determine if their are compelling environmental conditions, land use issues, or development plans that warrant the use of a particular wastewater management infrastructure.  The “Planning Document” provides guidance regarding this needs assessment and technology screening process.



Assessing the expected costs to the community of using individual on-site systems, and/or clustered on-site systems so as to determine whether establishing a local or regional management entity will be more cost effective than sewering the entire community.

Establishing goals, objectives and a proposed scope of work for the prospective local or regional management entity, if the decision is made to develop a management entity.

Assessing the available legal options for establishing a local or regional management entity and determining whether the management entity can obtain the legal authority that it needs to accomplish it’s goals and objectives.

Determining the potential relationships and responsibilities between the local or regional management entity, owners of the on-site systems, local health officials, the state, and EPA.

Formally establishing the management entity and assuring that it has the legal means to enter private and public property for system inspection, monitoring, sampling and conducting the resource impact monitoring that is the basis of the ecological resource assessments.

Assessing and ranking the relative value or importance of receiving environments (public water supplies, ground water resources, and surface water resources) in watersheds in the community.

Developing the ground water and surface water protection matrix, assigning control zones (R5 through R1) to each cell in the matrix, and establishing control measures appropriate for each control zone.

Mapping the control zones (R5 through R1) in all watersheds using a geographic information system (GIS) (if a GIS is not available and the community does not cover an extensive land area, then less costly methods can be used to map the control zones).

Submitting a Decentralized Systems Wastewater Management Plan (DSWMP) to the appropriate authorities and obtaining approvals from local health officials, the state and EPA for the matrix and control measures.

Funding the management entity and establishing a fee structure for inspections, sampling, and sample analyses as well as for system repairs and upgrades.

Creating a database to track the location and classification of systems, O&M schedules for all systems, and performance data such as operational data for individual systems, water quality data, and resource impact monitoring data.

Conducting the permitting and management process working in conjunction with the local public health agents, as appropriate.  This also includes providing O&M services for each individual or clustered on-site system and collecting resource impact monitoring data as per the approved DSWMP.

Providing annual performance assessments to local health officials, the state and EPA, as agreed upon in the DSWMP including identifying impacted public water supplies or water resources that require further action by land owners, the management entity or the community as a whole.



The “Planning Document” referred to earlier provides guidance regarding the needs assessment and technology screening process that is addressed in Step 1.  Costs will also be an important decision making factor for communities that are wrestling with the choice of whether to sewer up or to utilize this new approach to wastewater infrastructures.  Therefore, Step 2 in the process described above is perhaps one of the most important steps since it represents a key decision point for a community grappling with whether to invest the time and money necessary to pursue the approach described in this document.  The installation and long term operational costs of 46 types of advanced on-site technologies can be estimated by inputting local cost information, maintenance frequencies, and other data into a simple computer spreadsheet program called COSMOTM : Costs of On-Site Management Options developed at North Carolina State University and briefly described in this document.  However, COSMOTM does not estimate the institutional costs associated with running the management entity or costs for clustered systems.  Also, the expected costs of sewering the entire community are not addressed by COSMOTM, but can be otherwise estimated by consulting firms.



Further details on many of the points in Steps 3 through 6 above are addressed in the other three publications (the Planning Document, Management Document, and Accountability Document) of this four-part series of guidance documents.  The process to accomplish Steps 7 through 9 is addressed in this “Site Evaluation, Design, and Engineering” document.  Step 10, submittal of the Decentralized Systems Wastewater Management Plan (DSWMP) to the appropriate agencies and it’s approval, is a prudent measure to accomplish before proceeding with the rest of the process.  Funding of the management entity, Step 11, is partially addressed in the Accountability Document.  It describes potential funding mechanisms for these organizations. However, without a track record for management entities in Massachusetts, there is very little information available to guide them in establishing their fee schedules.  Steps 12 through 14 will be an on-going process for management entities throughout their existence.  It is likely that each of the last three steps will continually be revisited and refined by the local or regional management entity.  Also, communities will need to periodically revise their control zone maps (Step 9) to reflect changes in uses of water resources in the community.



The Site Evaluation, Design, and Engineering document concludes with detailed guidance regarding how we anticipate the permitting and management process could proceed once the DSWMP is in place. This section provides the details of how Steps 11 through 14 could be accomplished for an individual site, or lot.  It describes how we anticipate the permitting process could function through the site evaluation stage of permitting for an individual lot.  Then, this section describes anticipated responsibilities of the local or regional management entity, the landowner, and his/her consultant for design of the system as well as construction and long term maintenance.



In summary, we describe a new approach to providing a wastewater management infrastructure for small communities.  This approach incorporates the concepts of risk assessment and risk management into a watershed framework for the use of on-site systems.  It provides for local or regional management that protects water supplies, valuable water resources, public health, and the environment.
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Background --- The Traditional View of 

Wastewater Management Infrastructures



	The traditional view of septic systems holds that they are temporary solutions to wastewater management until sewers can be installed.  The traditional regulatory structure includes a set of rules or code that specify siting, design, and installation requirements with very little, if any, real focus upon long term monitoring and performance.  Instead of monitoring and maintenance, the siting, design and installation of a system is followed by unconfirmed assumptions regarding system performance (Figure 1).
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	Figure 1.  Siting and design of on-site systems without long term monitoring





	Conventional septic systems have been used in areas with a low to moderate density of development in essentially rural landscapes.  However, they have also been used extensively in more densely populated areas of older homes that were never sewered or in seasonally used homes that have been converted to permanent, year round use.  Conventional septic systems have relatively low construction costs and basically no maintenance costs as traditionally used.  These systems are viewed by many in the general public, and even by some health department officials, as a throw away technology.  In other words, people have a “put it in the ground and forget it” mentality about these systems until they fail.  From the health department point of view; many environmental health specialists are too pressed for time to do more than evaluate sites, design systems, and oversee their installation.  Once a system is installed they usually are forced to walk away from it unless a complaint is made about a failing system.  There are many reasons for this.  One is that the evolution of many environmental health departments into regulatory agencies has focused their primary efforts upon issuing the permit.  After the system is permitted, the environmental health specialist must go on to evaluate another lot and issue that person a permit.  Oftentimes, the upper level management in the health department focuses upon medical issues and doesn’t see the need for maintenance and management of septic systems.  Therefore, they don’t include it in the vision and scope of duties for the field people running the program.  Another reason is that the prevailing opinion of the general public and of many state legislatures is that you don’t have to maintain septic systems.  Health departments have never been given the resources necessary to follow up on system performance and  public health agents don’t have the mandate in their state code or regulations to do it.



	Most people view the conventional septic system as a throw away technology because system function is never monitored and evaluated, therefore system performance can never be upgraded.  Instead of performance being improved, the technology is just thrown away – usually when public sewers come to the community.  Of course, the cost of public sewers has become prohibitive for many communities now that the federal construction grants program has been discontinued.  This leads state regulatory agencies to develop even more restrictive siting criteria as they try to assure the long term performance of a system that is never or poorly maintained.



	In most states there is no flexibility in siting and design of on-site systems. There isn’t any follow up assessment of a system’s performance that would allow for minor adjustment or refinement of it’s performance.  Therefore, the health department only gets one shot to get the system to work as designed.  This leads to extremely conservative, prescriptive designs with no design flexibility.  Also, the same siting criteria are applied uniformly across all water resource areas of the state, regardless of the value of the receiving environment and it’s vulnerability to pollution.  Therefore, prescriptive siting criteria are conservative in an attempt to address the worst case scenarios where the systems might be used.  These factors have led to rigid siting criteria and a narrowly focused range of acceptable design options so as to try to assure the long term performance of a system that is never checked or maintained.  There is no design flexibility for the same reasons.



	Centralized wastewater collection and sewerage treatment plants (sewers) have been “The Other Traditional Choice” for  wastewater management infrastructures in communities.  Sewers have primarily been used where there is a high to very high density of development in suburban and urban landscapes.  These systems have high construction costs and substantial maintenance costs.  They utilize complex technologies that have very closely controlled operation and maintenance (O&M) schedules.  System performance assessment is a regular part of the management plan for sewers.  Even the public understands the need to maintain these systems.  System function is closely monitored and evaluated on a daily, monthly, or seasonal basis, as needed.  The performance of the system is compared to a set of treatment standards or criteria.  These are usually the pollutant concentration discharge limits specified in the National Pollutant Discharge Elimination System (NPDES) permit for the treatment plant.  The system performance is adjusted and improved, when necessary, to meet these treatment standards.  Also, the system technology can be upgraded to meet emerging performance needs of the receiving environment.





Are there more than these two traditional options

 for an affordable wastewater infrastructure in your community?





Poorly maintained conventional septic systems



vs.



Collection sewers with a highly maintained 

centralized wastewater treatment plant









Objectives of This Publication



	One of the key questions that people want answered is:  Are there more than these two traditional options (poorly maintained conventional septic systems vs. highly maintained centralized wastewater treatment plants) for an affordable wastewater infrastructure in their community?  We think there are more options, many more!  The intent of this document is to describe one of these options - a local or regional management entity with permitting, inspection and maintenance capabilities for management of on-site, clustered and small-scale treatment technologies community-wide.  We will describe how the site evaluation and engineering process can be enhanced when utilizing a local or regional management entity to assure long term effectiveness of decentralized systems and to protect public health and the environment in a community.  This publication describes a framework for the site evaluation, design, and engineering of decentralized technologies within a management context.

�

Progressive View of Decentralized Systems



	A progressive view of decentralized systems within a management context considers decentralized systems as permanent solutions to wastewater treatment in communities.  If these decentralized systems are to be permanent solutions, then there must be adequate land available at their sites to facilitate repair, replacement, or expansion in the future.  This “reserve area” capacity provides the capability to keep the system working permanently much like a municipal wastewater treatment plant must have additional land available at it’s site to facilitate system upgrades and expansion.  



Decentralized systems include small, medium and large flow systems using basic and advanced on-site technologies.  Medium flow, on-site systems (designated here as systems with design flows between 1000 and 10000 gpd), and large flow on-site systems (>10000 gpd design flow) include those serving individual commercial facilities and cluster systems serving multiple homes in a community.  Monitoring of the cumulative impacts of on-site systems on the ecological resources in a watershed area, as well as monitoring the performance of each individual or cluster system in the community, closes the loop for on-site systems (Figure 2).  Once monitoring is in place these on-site systems can be repaired or upgraded as needed to protect public water supplies as well as ecological resources such as ground water resources and surface water resources including nutrient sensitive waters and shellfish harvesting waters. 
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Figure 2.  Siting and design of on-site systems with long term monitoring.



	In a progressive regulatory structure, closely monitored and maintained advanced on-site systems are allowed on otherwise unsuitable soils to remediate existing failing conventional septic systems and ineffective cesspools.  These advanced systems must meet specific treatment performance standards so as to:



protect personal family health at the site,

protect the public health in the surrounding community,

protect and preserve the environment including important ecological resources, and 

be affordable to communities.





A progressive regulatory structure includes:

existing rules with conservative, prescriptive siting criteria,

establishment and funding of an approved management entity,

classification by the management entity of the sensitivity and vulnerability to degradation of public water supplies and water resources within each subwatershed area, 

establishment of performance criteria for advanced on-site technologies,

approval by regulatory authorities of the Decentralized Systems Wastewater Management Plan submitted by the management entity,

flexibility, within the management zone, to the existing prescriptive siting criteria when systems are designed, installed, operated and maintained to meet applicable performance criteria for the subwatershed area,

monitoring of system performance by the management entity, and

monitoring of resource impacts in sensitive receiving environments by the management entity.





	One important part of this scenario is the use of a performance based approach that specifies advanced pretreatment requirements for sites where the current prescriptive state or local code cannot be met.  The most advanced pretreatment is used at the most limited sites and in the most sensitive receiving environments.  A sliding scale of treatment standards or performance criteria is used that targets the level of required pretreatment to:  



1) the soils native potential for wastewater treatment, and 

2) the potential for degradation of the public water supplies or water resources.



	Another important part of this scenario is establishment and funding of a local or regional management entity that conducts or oversees system monitoring and maintenance.  The management entity also monitors the overall impact of systems on the receiving environment.  The 









degree of system monitoring and resource monitoring required is also on a sliding scale depending 

upon the: 



1)   soils native potential for wastewater treatment, 

2)   size of systems used in an area, 

complexity of systems used to achieve the performance criteria,

potential consequences of degradation of the public water supply or water resource,

housing density, and 

lot sizes in the community.



	System performance is measured and assessed relative to the applicable treatment performance criteria.  Resource impact monitoring identifies early on any potential for environmental degradation (such as eutrophication) before it happens.  This facilitates upgrading the treatment performance requirements for technologies used within that subwatershed area if necessary to protect the public water supply or resources. The key here is that operation and maintenance, system performance monitoring, and resource impact monitoring close the loop on system management.  By having system management under such close control, on-site technologies can be broadly used throughout a watershed, while public water supplies, water resources, and public health are protected.
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Treatment System Options



Decentralized vs. Centralized Choices



	Wastewater treatment systems for communities can include either decentralized or centralized options, or both.  The dividing line between what defines decentralized vs. centralized options is somewhat arbitrary.  In general decentralized options include conventional, alternative and innovative types of on-site systems, as well as cluster systems.  Centralized systems, or sewers, include extensive wastewater collection systems usually leading to a large wastewater treatment plant.  



If decentralized systems, such as individual on-site systems and cluster systems, are properly managed, then they may be the wastewater management infrastructure of choice for many communities.  Therefore, in many cases there may never be a need for a centralized approach.  However, the centralized approach will frequently be preferable to the community, if they can afford the costs.



The choice of whether to utilize decentralized systems or centralized systems will not only depend upon economics, but will also be influenced by environmental issues and land development concerns.  The density of development and lot sizes in the community will play an important part in these decisions. Decentralized systems can be used effectively where development density is low to moderate and expected to remain so.  Centralized options can be used most effectively where development density is high to very high and the community is large.  However, receiving environments such as streams, rivers or sounds must have enough available assimilative capacity to handle the additional waste load.  If development density is high, but the costs or environmental consequences of sewering are not affordable, then on-site technologies may be appropriate.  





Clustering



Clustering may be preferable where the development density is high and receiving environments such as streams, rivers or sounds do not have the capacity to assimilate the additional waste load that would come from a wastewater treatment plant.  If the development density of an area is currently low to moderate, but is planned to be high or very high, then cluster on-site systems may again be the best option.  Clustering would encourage a denser distribution of homes and businesses.  Once the area is nearly “built out”, centralized options would become more economically feasible due to the small lot sizes.



Clustering may be more appropriate and cost effective than either single family individual on-site systems or traditional sewers regardless of the density of development and lot sizes.  The opportunity to cluster systems and use communal drainfields is in many cases what provides the cost benefits and makes a decentralized approach the smart option over either individual on-site systems or sewering.  Clustering, in and of itself, can make the advanced on-site technologies more cost effective than the use of individual advanced on-site systems on every lot in the community.  Therefore, it is important to recognize that when individual on-site systems are not cost efficient, sewering is not the only option.  Cluster-type solutions may include moving the effluent from an environmentally sensitive part of the watershed to a less sensitive or vulnerable receiving environment.  Clustering can also avoid siting problems where the soil conditions in the community are quite variable and range from suitable to unusable.  This approach facilitates utilizing the best suited soils in the community for the wastewater treatment systems.



	In summary, if the broad use of managed on-site systems is allowed, then communities can choose which wastewater infrastructure is most affordable to them.  Choices of where to use decentralized vs. centralized options will then be made on the basis of relative economics, development density, community desires and assimilative capacity of receiving environments.  Communities will need to cost out the different options including individual on-site systems on each lot, cluster systems, and sewering.  In some cases a combination of these approaches will be most affordable.





Land Use Issues



	There is a good chance that many towns are relying on much of their land area not being suitable for conventional septic systems as their primary “land use control” to limit further growth and development.  That is, soil limitations preclude the use of conventional systems, thereby preventing development of open land in the community.  Many of these same communities, however, have existing failing conventional septic systems and cesspools that are causing environmental officials to require these towns to build sewers.  The irony is that sewering will probably facilitate and promote significant development in these communities.



	The decentralized wastewater management approach discussed in this document utilizes innovative on-site technologies and sophisticated management to solve these wastewater problems without sewering.  In Massachusetts, these new management efforts have arisen out of a need for flexibility in remediating existing situations and less so in allowing new systems for new development.   However, one potential side effect of allowing the broad use of managed on-site technologies could be a slow changing in the character of a locality.  This is particularly likely to occur in areas where septic system rules have been used as de facto land use controls to limit growth and development.  This is true for many towns in Massachusetts where soil limitations have made it impossible to use poorly maintained conventional septic systems on a broad scale.  As a result these communities have not developed true land use controls that would specify the allowable development density in different areas of the towns. Therefore, communities should enact strong land use controls well before adopting the wastewater management infrastructures described here.  Communities that wish to continue to maintain the overall rural character of the area will need to establish true land use controls such as zoning and development density restrictions. It is clear from many studies of advanced on-site technologies that there is no scientific basis for extreme development limitations imposed due to the “the lands inability to handle septic systems”. With proper management, advanced on-site technologies can be used within an extremely broad range of soil conditions in most watersheds without substantial environmental impact.  



On-Site Technology Options



The range of on-site technologies that can be identified is quite extensive.  It would be nearly impossible to describe all of the systems in the space available here.  Also, this technological field is currently in a growth stage where new and improved types of systems are constantly evolving.  Therefore a summary of all types of on-site technologies would be too extensive to present here.  However, an excellent summary is included in Chapter 4 of the North Carolina Subsurface Systems Operators’ Training School Manual (Hoover et al., 1996).  A similar national on-site system operators manual is available from the National Environmental Training Center for Small Communities at West Virginia University,  Morgantown, WV (Hoover et al., 1995).  Basic and advanced on-site systems include the following:



1) conventional septic system,

2) modified conventional systems including

#	Drainage to lower the water table

#	Drainage to intercept laterally flowing water

#	Placement on a steep slope

#	Placement in saprolite materials

#	Flow diversion devices

#	Shallow placement systems

#	Large diameter pipe systems

#	Panel block systems

#	Pump to distribution box

#	Pressure manifold, and

3) alternative and innovative systems including

#	In-ground pressure distribution systems (low pressure pipe and low pressure distribution) 

#	Aerobic treatment unit (ATU) system 

#	Areal fill system 

#	Pressure-dosed sand mound system

#	Pressure-dosed sand filters (buried, free access, and recirculating) 

#	Wisconsin at-grade system	

#	Drip irrigation system

#	Chamber system

#	Constructed wetlands and upland/wetland systems, and

#	Disinfection systems (chlorination, ultraviolet light (UV), and ozonation)

other systems



�Precursors to the Broad Use of Decentralized Technologies



	Decentralized technologies must be viewed within the framework of local environmental conditions.  On-site and cluster systems recycle treated wastewater back into the community’s own environment rather than disposing of the effluent into someone else’s environment.  This contrasts with centralized wastewater collection and treatment plants that frequently deplete water from one watershed and dispose of it in an entirely different watershed.  On-site and cluster systems should be viewed as a part of the natural hydrologic cycle in a watershed.  Since soils and hydrological conditions vary across the landscape in a watershed, the types of on-site systems used will also vary in a similar fashion.
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Precursors to the Broad Use of Decentralized Technologies



Regular operation and maintenance performed on systems

Systematic inspection and monitoring made a part of the program

System function regularly monitored

Public water supply and resource impacts regularly assessed in sensitive receiving environments

System performance can be upgraded as needed

-  eg. when a system is not performing as expected

-  eg. when degradation of public water supplies or resources is likely

-  eg. when a water resource (groundwater or surface water) becomes a source (community well or water supply watershed)

-  eg. when new more restrictive environmental objectives are identified in a watershed

System performance is based upon treatment performance criteria

-  eg. five to 10 treatment performance standards could be developed

-  eg. treatment standards could address BOD, suspended solids, fecal coliform colonies, nitrate-nitrogen, ammonia-nitrogen, phosphate or other constituents

-  eg. treatment standards can apply to performance of pretreatment units themselves or to water quality at some compliance location in the ground water system

-  eg. treatment performance criteria can be applied on a watershed-by-watershed basis

-  eg. each subwatershed area could be assigned one or more treatment standards depending upon environmental sensitivity or community needs

-  eg. systems could be designed to meet the applicable treatment standard(s) in the subwatershed area







Treatment Performance Standards



One key concept is the development and application of treatment performance standards.  These can be developed and applied based upon:



use of water resources (such as aquifers) as sources of community water supplies (public wells or springs) in the community,

use of individual wells vs. community water supply wells in a subwatershed,

immediate protection at the site of water sources (the well, spring, reservoir, or intake point in a river),

immediate protection in the critical area (Zone 1 and 2) around a public water supply,

protection of water resource areas that are likely to be needed for water supplies in the future,

immediate protection of environmentally sensitive areas within a watershed such as highly susceptible aquifers (outwash sands and gravels, karst areas, highly fissured bedrock), shellfish harvesting waters, nutrient sensitive lakes and ponds, nutrient sensitive estuarine waters, wetlands, and swimming areas.



	Table 1 includes nine proposed treatment performance standards for on-site technologies. Nine treatment performance standards ranging from primary treatment, secondary treatment, tertiary treatment, nutrient removal, and wastewater reuse to a drinking water standard are defined for decentralized technologies.  Advanced on-site treatment and distribution technologies that should be able to meet these treatment performance standards are discussed.  A number of on-site technologies have been developed and shown to meet many of these treatment standards.  





Table 1.  Nine treatment performance standards applied to basic and advanced on-site wastewater treatment systems.



Standard			Effluent Constituent						

	BOD5	TSS	PO4-P	TN	NH4-N	   NO3-N	 F.C.

	-----------mg/l-------------  	%**	-------- mg/l-------	#/100ml



TS1 Primary WWT*	300	250	15	--	   80	       --		10,000,000

TS2 Secondary WWT	30	30	15	--	   10	       --		10,000

TS3 Sand filter Tertiary WWT	10	10	15	0-25%	   10	       --		10,000

TS4 N-removal	10	10	15	25-50%	    5	       --		10,000

TS5 P-removal	10	10	2	0-25%	   10	       --		10,000

TS6 N&P removal	10	10	2	25-50%	    5	       --		10,000

TS7 Disinfection	10	10	15	0-25%	   10	       --		200

TS8 WW Reuse	5	5	15	25-50%	    5	       --		14

TS9 Near drinking water	5	5	1	>75%	    5	      10		<1***



* WWT = Wastewater treatment

**  percent reduction from the nitrogen concentration of the septic tank effluent

*** <50 total coliforms/100ml

________________________________________________________________________





Ultimately, the state will have to determine how many treatment performance standards will be established and the pollutant concentration limits for each standard.  Additionally, regulatory officials will have to decide which technologies are acceptable as meeting each of these performance standards and whether other standards need to be adopted.  We envision the state issuing a list defining which specific technologies meet each of the treatment performance standards (eg. TS1 through TS9).  Alternatively, the state may respond to each community’s proposed Decentralized Systems Wastewater Management Plan and specify which systems are acceptable to meet each treatment performance standard in the plan.  As advanced on-site technologies are utilized under the management framework discussed in this document, the management entity will be providing regular reports to the regulatory community that will include an ever expanding database of system treatment capabilities.  With this data the regulatory community can ensure that each technology is continuing to provide the expected level of wastewater treatment. 



Specific treatment performance parameters and effluent concentration limits are presented here for the sake of discussion and possible concurrence by the state.  We have assumed that these standards will be applied as a measure of the level of pretreatment that occurs prior to the wastewater being applied to the soil.  Alternatively, these standards could be applied in a different fashion such that they are a ground water standard reflecting the total treatment (pretreatment plus soil treatment) provided at some defined point in the receiving environment.  This is the same as the “Design Management Zone” concept recommended by NOWRA (1996).  Either approach is logical and should prove acceptable.  We have chosen the former for this document.



Treatment standard number one (TS1) in Table 1 is the minimal treatment level expected within the septic tank itself, and hence, represents septic tank effluent. This standard defines the minimum level of pretreatment that must be obtained prior to final treatment in the soil.  The soil will provide additional treatment beyond this primary level.  However, the amount of soil treatment that occurs will depend upon the soil conditions at a given site. 



Home aerobic treatment units produce an effluent that consistently meets treatment standard number two (TS2).  This is comparable to a secondary level of wastewater treatment from a community sewage treatment plant (NSF Standard 40, Class 1).  Treatment standards TS3, TS4, TS7, and TS8 will usually involve a more advanced level of on-site technology treatment from combinations of system components such as sand filters, peat filters, biofilters, and disinfection units.  These technologies are commonly available today throughout the country. On-site technologies that can effectively remove phosphorus, meeting treatment standards TS5 and TS6, or produce a level of treatment nearly equivalent to drinking water, treatment standard TS9,  are not as readily available, but are in the research and development stage at this point in time.  However, these technologies should quickly come on-line into the main stream of usage once treatment performance standards requiring their use are adopted throughout the country.  State officials responsible for the on-site program will need to make official determinations regarding which technologies are acceptable for meeting each of these treatment standards.  This determination would likely be made once a community has proposed a Decentralized Systems Wastewater Management Plan to the state.



We will focus our review in the following paragraphs upon the treatment performance of pressure-dosed sand filters used with and without disinfection, since these technologies are available for use today.  Sand filters have been used for wastewater treatment for over 100 years.  They were frequently used for community wastewater treatment systems prior to 1900 but have since been replaced by more advanced treatment technologies at large sewage treatment plants.  However, there has been a resurgence of interest in the use of sand filter technology for wastewater treatment in small communities and at single family homes because these systems provide a very high level of wastewater treatment at fairly reasonable costs (Anderson et al., 1985; Hoover et al., 1996; Marshall and Middlebrooks, 1974; USEPA, 1980).  There has also been a concurrent resurgence of research and development efforts in the 1980’s and 1990’s to fine-tune the design and operation of these systems and improve their performance (Ball, 1991; Darby et al., 1996; Hoover et al., 1991; Peeples et al., 1991; Pell and Nyberg 1989a,b,c; Piluk and Peters, 1994; and Ronayne et al., 1982).



Sand filter pretreatment systems have been refined to the point that they are dependable wastewater treatment systems for use at single family homes (Bushman, 1996).  Sand filters are now used extensively and successfully in a number of areas of the country on sites with very limited soil conditions including shallow water tables, shallow rock and saprolite, and unsuitable soil characteristics such as slowly permeable subsoils (Personal Communications with Harold Ball of Orenco Systems, Inc. in Oregon and Washington; Bill Cagle of the Placer County Health Department in California; Ted Louden of Michigan State University in Michigan; and Rich Piluk of the Anne Arundel County Health Department in Maryland).



Extensive research by Ball (1991), Darby et al. (1996), Hoover et al. (1991), Peeples et al. (1991), Piluk and Peters (1994), Ronayne et al. (1982), and Unpublished data (1996, National On-site System Demonstration Project in Anne Arundel County, Maryland) has shown that pressure-dosed sand filters dramatically improve domestic wastewater quality to less than 10 mg/l BOD5, 10 mg/l total suspended solids, 5 mg/l ammonia-nitrogen, and 1,000 to 10,000 fecal coliform colonies per 100 ml (about 1,000 for single pass sand filters and 10,000 for recirculating sand filters).  Treatment standard TS3 can be met by pressure-dosed, single pass, sand filters and peat filters that reduce BOD5 and TSS to less than 10 mg/l.  Treatment standard TS4 can be met by pressure-dosed recirculating sand filters and expanded shale filters that meet a tertiary level of treatment and provide substantial reduction in the total nitrogen content of the wastewater.  Both single pass and recirculating sand filters significantly exceed the secondary level of wastewater treatment  (<30 mg/l BOD5  and TSS) provided by many individual home aerobic treatment units.  However, there are also a few new aerobic treatment units on the market that can approach or match these levels of treatment. The levels of wastewater treatment provided by pressure-dosed sand filters are comparable to a tertiary level of wastewater treatment that would be expected from wastewater treatment plants utilizing activated sludge followed by granular media filtration and carbon adsorption (Darby, et al., 1996).



 Disinfection of sand filter effluent utilizing small-scale chlorination/dechlorination tablet units further reduces fecal coliform densities to well below the limits of treatment standard TS7 (Craven County, 1996. Innovative and Alternative Demonstration Program in Craven County, North Carolina).  Furthermore, disinfection of recirculating sand filter effluent utilizing a small UV disinfection unit reduces fecal coliforms to < 14/100 ml (Craven County, 1996. Innovative and Alternative Demonstration Program in Craven County, North Carolina).  A pressure-dosed sand filter used in combination with an UV light disinfection unit produces such a high level of wastewater treatment that the treated wastewater meets effluent concentration limits contained in the new North Carolina wastewater reuse rules (NCDEHNR, 1996. New wastewater reuse rules adopted by the NC Environmental Management Commission).  The North Carolina wastewater reuse rules are similar to reuse rules adopted in other states such as California and Arizona. Pressure-dosed, recirculating sand filters used in combination with small-scale UV disinfection units produce a level of treatment that meets the wastewater reuse standards specified in treatment standard TS8.  Pretreatment technologies designed to meet treatment standard TS9, the near drinking water standard, are currently under development and may include pressure-dosed sand filters followed by disinfection units utilizing membrane technologies.





Risk Assessment and Risk Management



The application of treatment standards to subwatersheds within a watershed should be based upon an assessment and mapping of the public water supplies, ecological resources and environmental sensitivity within the watershed.  The only logical way to do this is within a framework of risk assessment and risk management.  Risk management becomes particularly pertinent since a Decentralized Systems Wastewater Management Plan as described in this document would provide more flexibility to the siting process than is currently allowed under Title 5 of the Massachusetts Code.  Communities can use this risk management approach together with the management accountability process (described in other guidance documents in this series) to control any potential for future impacts to water resources.



	The concepts of risk assessment and risk management have not generally been applied to on-site technologies in the U.S.  The typical approach by state and local regulatory agencies has been to focus the same rigid siting criteria on all sites irrespective of the potential consequences of environmental degradation of a public water supply or resource.  That is, the same siting criteria are applied to sites located within ground water source areas for public water supplies as are applied to sites located in areas with unproductive ground water aquifers that are not even used for individual wells.  Other similar examples could be provided.  Therefore, the general approach has been to try to protect all sites equally, regardless of the sensitivity, or lack thereof, of the receiving environment.  This presents problems because siting criteria address the worst case scenario - a receiving environment that is highly susceptible to pollution.  Therefore, siting criteria are overly conservative in most instances.  As a result, many sites are turned down over unproductive aquifers that are never used for drinking water; even when public health can be adequately protected.  



	Applying the principles of risk assessment and risk management to on-site systems can provide a more defensible rationale for what sites are allowed to be used and for how these sites are controlled to protect public health and the environment.  Daly and Warren (1996) have recently developed an approach for risk management to protect ground water in Ireland.  They define four components of risk assessment and risk management:



vulnerability,

ground water value as a public water supply or resource, and

control measures for addressing specific hazards.



	Daly and Warren’s (1996) approach combines the first two components into a matrix of ground water protection zones that specify control measures for each cell of the matrix.  These control measures address the hazards likely to occur from the specific contaminant loading (e.g. septic tanks, landfills, radioactive waste disposal sites, etc.) proposed in the matrix.  The control measures vary depending upon the level of risk involved; that is, the control measures change from cell to cell in the matrix depending upon the vulnerability of the ground water to contamination and the potential consequences if contamination were to occur.  Daly and Warren (1996) discriminate between water sources and water resources in their risk assessment approach.  Sources include ground water resources that are currently used or proposed to be a source area for a public water supply, such as a community well.  Water resources include ground waters that are not used (or proposed to be used) for public water supplies.  For instance, a ground water aquifer that does not serve a public water supply, but that serves single homes using individual wells is considered a water resource, not a source.  To more fully understand their method we have reproduced verbatim a short portion of their document:





Partial quotation from the first draft (April, 1996) of “Groundwater Vulnerability - The Irish Perspective” by Donal Daly and William P. Warren of the Geological Survey of Ireland.



…”The scheme combines the four components of risk and risk management - (i) vulnerability, (ii) groundwater value, as indicated by the aquifer category and the proximity to a public groundwater supply, (iii) control measures for (iv) specific hazards.  The hydrogeological factors are encompassed on a land surface zoning map that results from the integration of the three elements of land surface zoning (vulnerability categories, source protection areas and resource protection areas).  In practice this is achieved by superimposing the vulnerability map on source protection area maps and on the aquifer map and results in the matrix of groundwater protection zones given in Table 2.  Each zone is represented by a code e.g. Rf/M, which represents areas of regionally important fissured aquifers where the groundwater is moderately vulnerable to contamination.  The vulnerability ratings (i.e. vertical axis) take account of the vertical movement of contaminants from the point of release to the water table in bedrock or sand/gravel aquifers, while the source protection and resource protection elements (horizontal axis) take account, to a certain degree at least, of the (largely) horizontal movement of groundwater and contaminants in the saturated zone.



The control of groundwater contamination sources is by means of a Code of Practice which lists the degree of acceptability of potentially polluting activities for each zone and describes the recommended controls for both existing and new activities.  It is shown by way of a level of response or restriction, which is applied to each potentially polluting activity or group of activities, with the level of response depending on the different elements of risks - the vulnerability, the value of the groundwater (with public supply sources being more valuable than resources and regionally important aquifers more valuable than locally important and so on) and the contaminant loading.









Table 2.  	Matrix of Groundwater Protection Zones



Vulnerability			Source				Resource Protection

Rating				Protection		Regionally Imp	Locally Imp	Poor Aquifer

			Site 	Inner	Outer		Rk	Rf/Rg	Lm/Lg	L1	P1	Pu





Extreme (E)		SS/E	SI/E	SO/E		Rk/E	Rf/E	Lm/E	LI/E	PI/E	Pu/E



High (H)			SS/H	SI/H	SO/H		Rk/H	Rf/H	Lm/H	LI/H	PI/H	Pu/H



Moderate (M)		SS/M	SI/M	SO/M		Rk/M	Rf/M	Lm/M	Ll/M	PI/M	Pu/M



Low (L)			SS/L	SI/L	SO/L		Rk/L	Rf/L	Lm/L	LI/L	PI/L	Pu/L





Four levels of response (R) to the risk of a particular potentially polluting activity are recommended for the Irish situation:



R1		Acceptable subject to normal good practice



R2 a,b,c…	Acceptable in principle, subject to conditions in note a,b,c etc.

(The number and content of the notes will vary for each zone and for each activity)



R3m,n,o	Not acceptable in principal; some exceptions may be allowed subject to the conditions in note m,n,o etc.



R4	Not acceptable



The approach is illustrated for a hypothetical potentially polluting activity in the matrix in Table 3. The matrix encompasses both the geological/hydrogeological and the contaminant loading aspects of risk assessment.  In general, the arrows indicate directions of decreasing risk, with the down arrow showing the decreasing likelihood of contamination and the right arrow showing the direction of decreasing consequence.  The contaminant loading aspect of risk is indicated by the activity type in the table title.





Table 3. Groundwater Protection Scheme Matrix for Activity X



Vulnerability			Source				Resource Protection

Rating				Protection		Regionally Imp	Locally Imp	Poor Aquifer

			Site 	Inner	Outer		Rk	Rf/Rg	Lm/Lg	L1	P1	Pu





Extreme (E)		R4	R4	R4		R4	R4	R3m	R2d	R2c	R2b



High (H)			R4	R4	R4		R4	R3m	R3m	R2c	R2b	R2a



Moderate (M)		R4	R4	R3m		R3m	R2d	R2c	R2b	R2a	R1



Low (L)			R4	R3m	R3d		R2d	R2c	R2b	R2a	R1	R1



The response to the risk of groundwater contamination is given by the response category allocated to each zone and by the site investigations and/or controls and/or protective measures described in notes a,b,c,d,m,n and o.



In considering the scheme, it is essential to remember that (a) the scheme is intended to provide guidelines for the location of developments (the control measures are not statutory) and that (b) delineation of the groundwater protection zones is dependent on the data available and consequently may be wrong in places.   However, the intention of the scheme is that the statutory authorities should apply the scheme in decision-making on the basis that the best available data is being used.  The onus is then on the developer to provide new information which might enable the zonation to be altered and improved and, in certain circumstances, the planning decision to be changed.”…





	As one can see, their approach is very comprehensive, but general.  Daly (1996) has recently developed a risk-based approach to use with septic systems in Ireland in a draft document entitled “Code of Practice for Septic Systems.”  We have adapted Daly’s approach to the U.S. situation.  In the remainder of this document, we develop and illustrate the detailed information needed to use this approach.  For the first time it allows communities within Massachusetts and across the United States to incorporate the principles of risk assessment and risk management into their use of on-site technologies.

�The Management Approach



	While Daly’s (1996) approach only considers ground waters, our approach addresses both ground waters and surface waters including a broad range of ecological resources.  Our approach defines the outline, structure, and important elements of a document we call a Decentralized Systems Wastewater Management Plan (DSWMP).  We have used Daly’s information as well as the Water Quality Progress in North Carolina 1992-1993 305(b) Report to EPA (NCDEHNR, 1994) as our basis for classifying public water supplies and resources.  Similar reports are required by the Clean Water Act to be submitted biennially by each state to the EPA.  These reports provided a complete enough range of potential water sources and resources to illustrate our assessment approach. For our example we have identified ground water sources as public community wells and springs.  Ground water resources include regionally important aquifers, locally important aquifers, poor unproductive aquifers, and productive confined aquifers.  Private wells are included in the ground water resource category rather than in the water source classification.  Surface water sources include water supply reservoirs and rivers.  Surface water resources that were evaluated include nutrient sensitive freshwater lakes, ponds, rivers, nutrient sensitive estuarine waters, shellfish harvesting waters, water supply watersheds, primary recreational waters (swimming areas and beaches), and secondary recreational waters.  Wetlands were also evaluated as an ecological resource since they are frequently considered as “waters of the state”.





Risk Assessment



Table 2 shows the format we use for the first part of the risk assessment approach.  It is a listing of all of the receiving environments including water sources (public water supplies) as well as ground water and surface water resources in a community.  It is organized as per Daly and Warren (1996).  On the left of the table it shows that ground waters and surface waters used as sources for public water supplies will have the highest consequence of contamination and therefore are the most valuable.  On the right side of the table it shows that secondary recreational surface waters will have the smallest consequence of contamination.  From left to right it ranks the relative value of the receiving environments, from highest perceived value to lowest value.  Another way to look at it would be that Table 2 ranks the consequences of pollution for each receiving environment from the highest consequence (on the left) to the smallest consequence (on the right) for that community. This table takes into account the value of the public water supply or resource and the horizontal movement of most pollutants in ground water.  For our example we have assumed that, in general, public water supplies are more important than other water resources.  Certainly a very conservative approach is warranted when dealing with on-site systems that exist within the ground water capture zone of a community well.  Regionally significant aquifers are more important to protect than locally significant aquifers and unconfined aquifers are more important than confined aquifers.  Nutrient sensitive surface waters and shellfish harvesting surface waters are more important than primary recreational surface waters and all of these are more important than wetlands and secondary recreational waters.

�Table 2.  Format for ranking the relative value of ground water and surface water receiving environments.������������������������������Water Supply Protection���Water Resource Protection������������Ground or Surface Water���GW�Surface Water��Ground Water��Surface Water��Wetlnd�Ground Water��SW��Site�Critical Area��Reg. Imp.�Nutrient �Shellfsh�Reg. Imp.�Loc. Imp.�Water sup.�Primary��Loc. Imp.�Poor�Secondary���inner�outer �Aquifer�Sensitv�Waters�Aquifer�Aquifer�Watershed�Recreatn.��Aquifer�Aquifer�Recreatn.�����karst���other�karst�outside���other�unprod. or�other�����sand & gr.���unconfined�sand & gr.�critical���unconfined�confined�surface�����fissured���aquifers�fissured�area���aquifers�aquifers�waters��SS�SI�SO�Rs�NSW�SFW�Ro�Ls�WSW�PRW�WTL�Lo�Pc�OSW��������The relative importance of receiving environments such as water sources and water resources, as well as their definitions are not set in stone and should be discussed by the community.�The relative value of public water supply sources (community water supplies), surface water resources, and ground water resources is determined by the local community in a management plan approved by local and/or state agencies.�The local community determines the arrangement of this table by ranking SS, SI, SO, Rs, NSW, SFW, Ro, Ls, WSW, PRW, WTL, Lo, Pc, and OSW from most valuable to least valuable (left to right across the table) and providing definitions of each category.�This table can be simplified by reducing the number of receiving environments (14 receiving environments are used here).�������It is important to note that once you get past public water supplies, everyone’s perception of what is more important becomes very subjective. Therefore the rankings of receiving environments in Table 2 are not meant to be taken verbatim from this document.  Instead, these decisions must be made at the community level through a strategic planning process that develops a community consensus on the relative value, and consequences of contamination for these receiving environments. The relative value of public water supply sources (community water supplies), surface water resources, and ground water resources is determined by the local community in a management plan (the DSWMP) and approved by local, state, and/or federal agencies.  We are only providing examples here to illustrate the concept.  



 Table 2 can also be simplified by reducing the number of receiving environments (14 receiving environments are used here).  Our example includes a nearly complete list of all possible receiving environments.  We anticipate that a DSWMP for a community would only address the receiving environments located in that community and would be less complicated than our example.



Not only must the local community determine the arrangement of this table by ranking receiving environments from most valuable to least valuable, but they must provide definitions of each category in the table (eg. SS, SI, etc.).  SS is the site of the source for the public water supply.  For instance, it could be the land immediately surrounding the wellhead, the land immediately adjacent to the reservoir, or the land immediately adjacent to the water intake in a river.  SI is the inner critical area around the water intake site, while SO is the outer critical area around the water intake site.  Rs, NSW, SFW, Ro, Ls, WSW, PRW, WTL, Lo, Pc, and OSW are other water resource areas that may be receiving environments for treated wastewater from on-site systems.  The exact definitions, or criteria, for each of these receiving environments will need to be determined in consultation with state officials.  Table 3 illustrates a hypothetical finished table that ranks the receiving environments in a community.  A brief description of each receiving environment (public water supply source or water resource) is provided in Table 3 with basic distinguishing criteria.  For instance, Zone SI  is the inner critical  area around the water removal site at a public water supply.  This inner critical area is defined here as the area around a public community well or spring where the time of travel (TOT) of pollutants in the ground water system is between 10 and 25 days away from the water-removal site.  For surface water sources such as water supply reservoirs or rivers, the inner critical area is defined as the distance of 250 to 1000 feet away from the reservoir or water intake in the river.  The definitions or criteria do not have to be this complex.  For example, simple setback distances from the well head could be used as criteria instead of time of travel estimates in the ground water.  The criteria in Table 3 are examples only and must be refined to be accurate for the Massachusetts situation.



In summary, the relative importance of receiving environments such as water sources and water resources, as well as their definitions are not set in stone.  These should, in fact, be the subject of much discussion by the community prior to reaching some general consensus on the organization and content of Table 3.    









�

Table 3.  Example of relative value or importance of receiving environments for Hypothetical Town, MA.������������������������������Water Supply Protection���Resource Protection������������Ground or Surface Water���GW�Surface Water��Ground Water��Surface Water��Wetlnd�Ground Water��SW��Site�Critical Area��Reg. Imp.�Nutrient �Shellfsh�Reg. Imp.�Loc. Imp.�Water sup.�Primary��Loc. Imp.�Poor�Secondary���inner�outer �Aquifer�Sensitv�Waters�Aquifer�Aquifer�Watershed�Recreatn.��Aquifer�Aquifer�Recreatn.�����karst���other�karst�outside���other�unprod. or�other�����sand & gr.���unconfined�sand & gr.�critical���unconfined�confined�surface�����fissured���aquifers�fissured�area���aquifers�aquifers�waters��SS�SI�SO�Rs�NSW�SFW�Ro�Ls�WSW�PRW�WTL�Lo�Pc�OSW��Community well, spring, water supply reservoir, or river intake; < 10 days TOT in GW, < 250 feet from reservoir or water intake in river�Inner critical area around site;  10 - 25 days TOT in GW,  250 - 1000 feet from reservoir or water intake in river�Outer critical area around site; 25 - 50 days TOT in GW,  1000 - 2500 feet from reservoir or water intake in river�High yielding surficial aquifers of regional importance with rapid recharge due to karst limestone terrain, coarse sands and gravels, or highly fissured bedrock�Nutrient sensitive surface waters sensitive to eutrophication or to loss of nursery areas due to nutrient inputs�Shellfish waters that are open to public harvesting �Moderate yielding surficial aquifers of regional importance without rapid recharge (due to substantial primary porosity that provides pollutant retentive capacity or isolation from surficial processes)�High yielding surficial aquifers of local importance with rapid recharge due to karst limestone terrain, coarse sands and gravels, or highly fissured bedrock�Community water supply watershed outside critical area around reservoir or river intake; > 2500 feet from reservoir or water intake in river�Primary recreational waters used for swimming on an organized and frequent basis and not used for water supply or other food related uses�Wetlands that have significant water quality protection capability�Moderate yielding surficial aquifers of local importance without rapid recharge (due to substantial primary porosity that provides pollutant retentive capacity or isolation from surficial processes)�Poor unproductive aquifers or productive regional and local aquifers that are isolated from surficial processes by substantial confining beds (also includes other degraded ground waters)�Secondary recreational waters used for swimming on an unorganized basis, not used for water supply or other food related uses (also includes other degraded surface waters)���	Table 4 is one example of a generalized matrix of ground water and surface water protection zones. This matrix forms the basis of the risk assessment process.  It is a two-way table that represents the values for the receiving environments horizontally across the table and their vulnerability to contamination vertically up and down the table.  As you look horizontally across the table, the value of the receiving environments decreases from left to right. As you look vertically down the table, the vulnerability to pollution of the receiving environments decreases from top to bottom. This table shows how the cells of the matrix relate one to another.  Each cell of the matrix is a combination of value and vulnerability.  For instance, the matrix cell labeled NSW/H, represents nutrient sensitive surface waters that are highly vulnerable to contamination from on-site systems.  The cell labeled SSE/E represents areas of the watersheds in the community that warrant the greatest protection from pollution, while the cell labeled OSW/L represents areas of the watershed that do not warrant as extensive protection from pollution.



	The vulnerability to pollution of each receiving environment is determined by the vertical movement of contaminants from the point of release down to the water table or bedrock. The four vulnerability classes are:



extreme vulnerability,

high vulnerability,

moderate vulnerability, and

low vulnerability.



Much of the removal of pollutants takes place during this vertical movement; particularly where there is an adequately thick unsaturated soil zone with acceptable characteristics.  Table 5 illustrates sample criteria for assessing the vulnerability of receiving environments to pollution from on-site systems. We use two important parameters in Table 5, the thickness of the unsaturated zone and the properties of the soil materials,  to define vulnerability classes.  Overall vulnerability depends upon the combined rating for these two characteristics since one characteristic can compensate for the other in a number of situations.  However, there are some exceptions including sites that have extremely high hydraulic conductivities.  Then, the impact of the extremely rapid water movement outweighs other better soil conditions.  The exceptions follow:



1) any soil where the permeability of both the B and C horizons is greater than or equal to 20 inches/hr., is rated extremely vulnerable no matter the thickness of  the unsaturated zone, 

2)  any area rated extreme for one category and moderate or high for the other is rated extremely vulnerable, and

any area rated extreme for one category and low for the other is rated highly vulnerable.



	Permeability and hydraulic conductivity are expressed as inches per hour, whereas percolation rates are expressed as minutes/inch.  These are not directly comparable and it would not be appropriate to just transform the numbers from inches/hour to minutes/inch.  Therefore, separate percolation rate values for extreme, high, moderate, and low vulnerability classes should be developed, if site specific data is measured using the percolation test.

�

Table 4.  Matrix of ground water and surface water protection zones.�������������������������������������Water Supply Protection���Resource Protection���������������Ground or Surface Water���GW�Surface Water��Ground Water��Surface Water��Wetlands�Ground Water��SW�����Site�Critical Area��Reg. Imp.�Nutrient �Shellfish�Reg. Imp.�Loc. Imp.�Water sup.�Primary��Loc. Imp.�Poor�Secondary������inner�outer �Aquifer�Sensitive�Waters�Aquifer�Aquifer�Watershed�Recrtn.��Aquifer�Aquifer�Recreatn.��������karst���other�karst�outside���other�unprod. or�other��������sand & gr.���unconfined�sand & gr.�critical���unconfined�confined�surface����Vulnerability����fissured���aquifers�fissured�area���aquifers�aquifers�waters����Rating�SS�SI�SO�Rs�NSW�SFW�Ro�Ls�WSW�PRW�WTL�Lo�Pc�OSW����Extreme (E)�SS/E�SI/E�SO/E�Rs/E�NSW/E�SFW/E�Ro/E*�Ls/E�WSW/E�PRW/E�WTL/E�Lo/E�Pc/E�OSW/E����High (H)�SS/H�SI/H�SO/H�Rs/H�NSW/H�SFW/H�Ro/H�Ls/H�WSW/H�PRW/H�WTL/H�Lo/H�Pc/H�OSW/H����Moderate (M)�SS/M�SI/M�SO/M�Rs/M�NSW/M�SFW/M�Ro/M�Ls/M�WSW/M�PRW/M�WTL/M�Lo/M�Pc/M�OSW/M����Low (L)�SS/L�SI/L�SO/L�Rs/L�NSW/L�SFW/L�Ro/L�Ls/L�WSW/L�PRW/L�WTL/L�Lo/L�Pc/L�OSW/L����������������������*  Ro/E is a ground water resource.  It is a regionally important, unconfined, ground water aquifer that is extremely vulnerable to contamination, but not used for a public 

water supply �������������������Table 5.  Example vulnerability rating criteria for Hypothetical Town, MA.������������ �Unsaturated Zone�Soil Characteristics����Vulnerability Rating�Thickness from ground surface�Soil thickness from ground surface�Morphology of B and C horizons�Permeability of B and C horizons���ft�ft��in/hr*��Extreme�< 2 �<3 consistently; or < 6 with extreme variability�coarse or medium sands or loamy sands and gravels; organic soils�Greater than or equal to 20��High�2 to 4�3 to 6 consistently�fine or very fine sands or loamy sands with < 25% gravels�6 to 20��Moderate�4 to 6�6 to 10 consistently�Group I glacial tills; Group II soils; Group III soils with macropores�0.6 to 6��Low�>6�> 10 �Group III and IV soils; any soils with restrictive horizons (dense till, etc)�< 0.6��������Group I soils include sand and loamy sand textures������Group II soils include sandy loam and loam textures������Group III soils include silt loam, silt, silty clay loam, clay loam, and sandy clay loam textures������Group IV soils include silty clay, clay, and sandy clay textures������*  Permeability is expressed as inches/hour, while percolation rates are normally measured as minutes/inch.�������Table 6 shows an example table of the overall vulnerability, unsaturated thickness vulnerability, and soil characteristics vulnerability for a few Massachusetts soils.  We anticipate that a DSWMP would include a similar table that ranks the vulnerability of soils that occur within the community.  These ratings are shown in more detail in Appendix A.  They are based upon properties of the soils of Massachusetts published by Fletcher (1995), but should be updated and confirmed before being included in a DSWMP.





Managing the Risks from On-site Technologies 

	

Table 7 shows the format for a ground and surface water protection matrix for managed on-site technologies in the United States.  This table is the basis for the management of risks presented by on-site systems. Control zones are specified for each cell of this matrix by the local community in a management plan approved by local, state, and/or federal agencies.  Control zones R1, …, R5 describe specific control measures that become more restrictive as the risk becomes greater (that is, as the source or resource becomes more valuable or more vulnerable to contamination).  The protection scheme is used to identify the control zone that is appropriate for a site and then the detailed control measures specified for that control zone are followed.  



Table 6.  Abbreviated list of vulnerability to contamination.�����Soil Series�Overall Vulnerability�Unsaturated Thickness Vulnerability�Soil Characteristic Vulnerability��Adams�Extreme�Low�Extreme��Agawam�High�Low�Extreme��Allagash�High�Low�Extreme��Amenia�Moderate�High�Low��Amenia stony�Moderate�High�Low��Amostown�Moderate�High�Moderate��Annisquam bouldery�Moderate�High�Low��Au Gres�Extreme�Extreme�Extreme��Au Gres clay substratum�High�Extreme�Low��Au Gres loamy substratum�Extreme�Extreme�Moderate��Barnstable�High�Low�Extreme��Barnstable stony�High�Low�Extreme��Becket�Moderate�High�Low��Becket stony�Moderate�High�Low��Belgrade�Moderate�High�Moderate��Berkshire�Low�Low�Moderate��Berkshire bouldery�Low�Low�Moderate��Berkshire rubbly�Low�Low�Moderate��Berkshire stony�Low�Low�Moderate��Bernardston�High�Extreme�Low��Bernardston stony�High�Extreme�Low��Berryland�Extreme�Extreme�Extreme��et cetera�et cetera�et cetera�et cetera���Table 7.  Format for the ground water and surface water protection matrix.�����������������������������������Water Supply Protection���Resource Protection��������������Ground or Surface Water���GW�Surface Water��Ground Water��Surface Water��Wetlands�Ground Water��SW����Site�Critical Area��Reg. Imp.�Nutrient �Shellfish�Reg. Imp.�Loc. Imp.�Water sup.�Primary��Loc. Imp.�Poor�Secondary�����inner�outer �Aquifer�Sensitive�Waters�Aquifer�Aquifer�Watershed�Recreatn.��Aquifer�Aquifer�Recreatn.�������karst���other�karst�outside���other�unprod. or�other�������sand & gr.���unconfined�sand & gr.�critical���unconfined�confined�surface���Vulnerability����fissured���aquifers�fissured�area���aquifers�aquifers�waters���Rating�SS�SI�SO�Rs�NSW�SFW�Ro�Ls�WSW�PRW�WTL�Lo�Pc�OSW���Extreme (E)�����������������High (H)�Control zones are specified for each cell of this matrix by the local community in a management plan approved by local, state, and/or federal agencies. ����������������Moderate (M)�This table can be simplified by reducing the number of control zones (5), receiving environments (14), or vulnerability categories (4).����������������Low (L)�����������������������������������Table 8 is an example ground water and surface water protection matrix for a hypothetical town in Massachusetts.  This matrix is one of the most important elements of the Decentralized Systems Wastewater Management Plan.  The community is divided into general control zones for planning purposes.  These zones are set up on maps or on a Geographical Information System (GIS).  However, within the general control zone in an area there may be some areas or even individual lots that are zoned differently due to differences in their vulnerability to contamination (soil differences) or due to the location of a public water supply within the resource area.  A process should be established for individual landowners to confirm the control zone classification of their lot.  Each lot should be inspected to ensure that it is in the correct control zone prior to decisions being made regarding the type of on-site system that must be used at that site (see later section titled “Permitting and Management Process”).  



During the planning phase it may not be feasible to characterize the soil properties and assign a final control zone classification for each individual building lot.  However, the local or regional management entity must eventually confirm the appropriate control zone classification of each lot.  This can occur at a later time during the permit application phase for a system.  Soil morphological conditions identified by the site evaluator on the lot during the site evaluation phase should be compared to the vulnerability criteria in Table 5 and a final vulnerability classification made of the site.  The soil series data used to construct Table 6 are limited to the scale used for soil mapping by the Natural Resource Conservation Service (NRCS).  Also, inclusions of other types of soils commonly occur.  Therefore, the final determination of site vulnerability must be made after a permit has been applied for and a comprehensive field evaluation of the soil/site characteristics has occurred.



Major differences exist in the amount of management and degree of pretreatment required  from control zone to control zone.  Inspection and maintenance of all systems is encouraged. However, since the greatest risks exist in control zone R5, the highest level of system management, pretreatment prior to soil dispersal, and resource impact monitoring is required there.  Since the risks to ecological resources presented in control zone R1 are minimal, the lowest level of system management, pretreatment, and monitoring is required.  However, pretreatment and monitoring of advanced on-site technologies is still required on sites with limited soil conditions in control zone R1 to protect personal family health and private wells.  Also, basic system monitoring (checking sludge/scum level in septic tanks, pumping of septic tanks as needed, inspection of drainfield for any surface malfunction, etc.) is required at least every seven years for all systems, even in control zone R1.



The following pages describe examples of some of the basic management requirements for each control zone.  The management requirements shown in this document should be revised by the community as it develops it’s own DSWMP.  Examples are presented here for discussion purposes only.  In general all systems (new and existing) must be inspected and monitored in control zones R5 and R4.  The  highest level of pretreatment is required for all sites in control zone R5 and the level of pretreatment required for new systems decreases from control zone R4 through R1.  Disinfection is required for all on-site systems at new sites in control zone R5; while disinfection is only required on lots with the most extremely limited soil conditions in control zone R1.  Ground water and perched water monitoring is required down gradient of all�

Table 8.  Example ground water and surface water protection matrix for Hypothetical Town, MA.�����������������������������������Water Supply Protection���Resource Protection��������������Ground or Surface Water���GW�Surface Water��Ground Water��Surface Water��Wetlands�Ground Water��SW����Site�Critical Area��Reg. Imp.�Nutrient �Shellfish�Reg. Imp.�Loc. Imp.�Water sup.�Primary��Loc. Imp.�Poor�Secondary�����inner�outer �Aquifer�Sensitive�Waters�Aquifer�Aquifer�Watershed�Recreatn.��Aquifer�Aquifer�Recreatn.�������karst���other�karst�outside���other�unprod. or�other�������sand & gr.���unconfined�sand & gr.�critical���unconfined�confined�surface���Vulnerability����fissured���aquifers�fissured�area���aquifers�aquifers�waters���Rating�SS�SI�SO�Rs�NSW�SFW�Ro�Ls�WSW�PRW�WTL�Lo�Pc�OSW���Extreme (E)�R5a�R5b�R5c�R4b�R3b�R3d�R3e�R3e�R3b�R3b�R2�R2�R1�R1���High (H)�R5b�R5b�R4a�R3a�R3b�R3d�R3e�R2�R2�R2�R2�R2�R1�R1���Moderate (M)�R5b�R5c�R4a�R3a�R3c�R2�R2�R2�R2�R2�R1�R1�R1�R1���Low (L)�R5b�R5c�R4a�R3a�R3c�R2�R2�R2�R2�R2�R1�R1�R1�R1���������������������new and existing medium and large flow (>1000 gpd design flow) on-site systems in control zones R5, R4, and R3.  Resource impact monitoring by the local or regional management entity is required for control zones R5, R4, and R3.  No resource impact monitoring is required in control zones R2 and R1.

	

The controls to manage and minimize risks from advanced on-site technologies include measures that define:



overall management entity requirements for each control zone,

overall system performance and resource impact monitoring requirements for each control zone,

pretreatment control measures for each subzone (for example R5a, R5b, and R5c) depending upon vulnerability and value of the public water supply or resource, 

siting flexibility allowed within each control zone, and 

performance monitoring requirements depending upon size and complexity of the system.



  

Overall Management Requirements for On-Site Technologies by Control Zone

R5	Generally not acceptable for new systems except where subwatershed is already developed.  Highest level of pretreatment used.   Existing systems inspected to assure compliance with current siting and design criteria.  Long term system performance monitoring required for all systems in the subwatershed area.  Pretreatment imposed where existing systems not in compliance with code or when significant degradation occurs to water supply.  Ground water or perched water monitoring required for all medium and large flow (>1000 gpd/day) on-site systems.    Highest level of system management and resource monitoring imposed for both new and existing systems.  Extensive resource impact monitoring required. Monitoring is focused upon public health concerns and environmental issues related to protection of drinking water supplies.



R4	Acceptable for new systems in many cases where highest level of system management and resource monitoring imposed.  Highest level of pretreatment used.  Existing systems inspected to assure compliance with current siting and design criteria.  Long term system performance monitoring required for all systems in the subwatershed area.  Ground water or perched water monitoring required for all medium and large flow (>1000 gpd) on-site systems.  Resource impact monitoring required for 1-5% of all systems. Monitoring is focused upon public health concerns and environmental issues related to protection of drinking water supplies and extremely vulnerable ground water resources.



R3	Generally acceptable for new systems where a high level of system management and resource monitoring is imposed.  Long term system monitoring required for all systems in the subwatershed area.  Ground water or perched water monitoring required for all medium and large flow (>1000 gpd) on-site systems.  Resource impact monitoring required at selected benchmark locations (<1% of all systems). Monitoring is focused upon both public health concerns and environmental resource issues.





R2	Generally acceptable for new systems with a significant, but lower level of management.  Intensive long term system monitoring is only required for systems that use advanced technologies.  Basic technologies are monitored at seven-year intervals.  No ground water or perched water monitoring required for medium and large flow systems.  No resource impact monitoring required.  Monitoring is focused upon public health concerns rather than environmental resource issues.



R1	Generally acceptable for new systems without resource impact monitoring.  Intensive long term monitoring still required for advanced technologies.  Basic technologies are monitored at seven-year intervals for sludge/scum accumulation rate, tank pumping needs, and surface performance.  Monitoring is focused upon public health concerns rather than environmental resource issues.





Specific Control Measures 



	The overall management requirements have just been described for each of the five major control zones. Control measures that define the pretreatment requirements and flexibility allowed in siting criteria are presented below for each control zone.  These will be followed by specific monitoring requirements for individual on-site systems and suggested methods for conducting ecological resource assessments.





Control Zone R5

Minimum treatment standards

TS1	N/A

TS2	N/A

TS3 	where sites have 75-100+% of the vertical separation distance of unsaturated soil between             the trench bottoms and any limiting conditions and have 75-100+% of all horizontal setbacks to system components required by the current code

TS4	where native soil denitrification potential and landscape scale denitrification potential are both low

TS5	where native soil phosphorus retention capability is low

TS6	where both native nitrogen and phosphorus removal potentials are low

TS7	where sites have 50-74% of the required vertical and horizontal separations 

TS8	where sites have 25-49% of the required vertical and horizontal separations

TS9	where sites have <25% of the required vertical and horizontal separations



All existing systems in control zone R5 must be inspected each year and those that do not meet Title 5 must be immediately upgraded.

System upgrades up to TS9 can also be required on the basis of public water supply degradation or imminent degradation identified through resource impact monitoring.

Systems in currently undeveloped sites are only allowed under certain conditions and must always meet at least TS7.

Undeveloped sites in R5a must meet at least TS8 and are only allowed to be used for facilities serving the public water supply site or public access facilities.

Undeveloped sites in R5b are only allowed to be used if systems meet at least TS7.

Undeveloped sites in R5c are only allowed to be used if systems meet at least TS7.





Control Zone R4

Minimum treatment standards

TS1	N/A

TS2	N/A

TS3 	where sites have 75-100+% of the vertical separation distance of unsaturated soil between the trench bottoms and any limiting conditions and have 75-100+% of all horizontal setbacks to system components required by the current code

TS4	where native soil denitrification potential and landscape scale denitrification potential are both low

TS5	where native soil phosphorus retention capability is low

TS6	where both native nitrogen and phosphorus removal potentials are low

TS7	where sites have 50-74% of the required vertical and horizontal separations 

TS8	where sites have 25-49% of the required vertical and horizontal separations

TS9	where sites have <25% of the required vertical and horizontal separations



All existing small flow systems must be inspected at least every year and those that do not meet Title 5 must be upgraded upon a change in ownership, design flow or when repaired.

System upgrades up to TS9 can also be required on the basis of public water supply degradation or imminent degradation identified through resource impact monitoring.

All existing medium and large flow (design flow > 1000 gpd) systems are inspected and those that do not meet current code must be immediately upgraded to at least TS3.

In R4a native soil denitrification potential and landscape scale denitrification potential are both relevant when the public water supply is surface water; while only the native soil denitrification potential is relevant when the public water supply is ground water.

In R4b only the native soil denitrification potential is relevant since the resource is always ground water.





Control Zone R3

Minimum treatment standards

TS1	where sites meet the vertical separation distance of unsaturated soil between the trench bottoms and any limiting conditions and all horizontal setbacks to system components required by the current code

TS2	where sites have 75-99% of the required vertical and horizontal separations 

TS3 	where sites have 50-74% of the required vertical and horizontal separations

TS4	where native soil denitrification potential and landscape scale denitrification potential are both low

TS5	where native soil phosphorus retention capability is low

TS6	where both native nitrogen and phosphorus removal potentials are low

TS7	where sites have 25-49% of the required vertical and horizontal separations 

TS8	where sites have <25% of the required vertical and horizontal separations

TS9	N/A



All existing small flow systems are inspected at least every seven years and upgraded upon a change in ownership, design flow or when repaired.

All existing medium and large flow (design flow > 1000 gpd) systems are inspected and those that do not meet current code must be upgraded to at least TS3.

In R3a and R3e only the native soil denitrification potential is relevant since the public water supply is always ground water.

In R3b and R3c native soil denitrification potential and landscape scale denitrification potential are both relevant since the resource is surface water

In R3c the native soil denitrification potential is assumed to be adequate.

In R3d neither nitrogen nor phosphorus removal is required.





Control Zone R2

Minimum treatment standards

TS1	where sites meet the vertical separation distance of unsaturated soil between the trench bottoms and any limiting conditions and all horizontal setbacks to system components required by  the current code

TS2	where sites have 50-99% of the required vertical and horizontal separations 

TS3 	where sites have 25-49% of the required vertical and horizontal separations

TS4	N/A

TS5	N/A

TS6	N/A

TS7	where sites have <25% of the required vertical and horizontal separations 

TS8	N/A

TS9	N/A



All existing systems are monitored at a minimum of seven-year intervals and upgraded upon a change in ownership, design flow or when repaired.





Control Zone R1

Minimum treatment standards

TS1	where sites meet the vertical separation distance of unsaturated soil between the trench bottoms and any limiting conditions and all horizontal setbacks to system components required by the current code

TS2	where sites have 50-99% of the required vertical and horizontal separations 

TS3 	where sites have 25-49% of the required vertical and horizontal separations

TS4	N/A

TS5	N/A

TS6	N/A

TS7	where sites have < 25% of the required vertical and horizontal separations 

TS8	N/A	

TS9	N/A



All existing systems are only monitored at a minimum of seven-year intervals and upgraded upon a change in ownership, design flow or when repaired.





	Title 5, MA Dept. of Environmental Protection (1995), requires that on-site systems shall be located where there is at least a four foot vertical separation distance between the drainfield  trenches and the top of any limiting condition.  The vertical separation distance that is required increases to five feet when the system is located in highly permeable soil materials.  The flexibility proposed here for siting advanced treatment systems would allow these systems to be installed at sites that don’t meet the prescriptive siting specifications in Title 5.  Table 9 illustrates the minimum siting criteria that would be used for moderately permeable soils depending upon the treatment performance standard that is in effect in each control zone.  These systems would have advanced pretreatment that would compensate for the reductions in separation distance.  Many researchers have concluded that additional pretreatment can be substituted for soil depth to limiting conditions.  Some of the most convincing work has recently been published by Duncan et al. (1994).  The net effect  of utilizing pretreatment units with the reductions in vertical separation distance proposed here will be at least as high a total level of wastewater purification at the ground water table than if a conventional septic system was used on a site that can be currently approved under the prescriptive specifications in Title 5.  



This risk management approach looks at sources and resources from a community wide perspective, not on a lot-by-lot basis.  Within this context public water supplies may seem to be more important than private wells.  Certainly, the consequences of contamination (eg. costs of a new well field) are greater for a community well that serves as a public water supply than for a single private well serving one family.  But, the drinking water from each private well serving a home must still be protected.  Therefore, protection of water quality at private wells is also addressed by this risk assessment and risk management approach.  The vulnerability ranking is a critical part of the risk assessment process for private wells.  Management of those risks is accomplished through control measures such as advanced pretreatment that are established for each control zone.  Also, in order to protect private wells, no reductions are allowed in the horizontal separation distance currently required between private wells and on-site systems in Title 5.





System Performance Inspections



North Carolina’s on-site system rules (NCDEHNR, 1995) are the first in the country to require sophisticated management of alternative on-site systems.  North Carolina also currently has one of the most intensive training and certification programs in the country for operators of advanced on-site technologies (Hoover, et al., 1996; Hoover and Finan, 1992).  Table 10 has been �Table 9.  Example siting flexibility in Hypothetical Town, MA control zones.��������������������������������Title 5*�Control Zone (with management entity)�������Treatment Standard���R5�R4�R3�R2�R1�����        vertical separation distance from trench bottom in feet��������TS1�Primary�> 4�NA�> 4****�> 4�> 4�> 4���TS2�Secondary�> 4�NA�> 4****�3 to 4�2 to 4�2 to 4���TS3�Tertiary�> 4�3 to 4**�3 to 4�2 to 3�1 to 2�1 to 2���TS4�N-removal�> 4�3 to 4**�3 to 4�2 to 3�NA�NA���TS5�P-removal�> 4�3 to 4**�3 to 4�2 to 3�NA�NA���TS6�N&P-removal�> 4�3 to 4**�3 to 4�2 to 3�NA�NA���TS7�Disinfection�> 4�2 to 3***�2 to 3�1 to 2�<1�<1���TS8�WW reuse�> 4�1 to 2***�1 to 2�<1�NA�NA���TS9�Drinking water�> 4�< 1***�< 1�NA�NA�NA���*  Title 5 requirements for moderately and slowly permeable soils without management entity����������**replacement of existing systems only ����������***new systems in R5 are only allowed with extremely high levels of pretreatment (TS7, TS8, or TS9)����������****repair of existing systems only; systems for new sites must at least meet TS3�����������Table 10.  Example on-site system classification and inspection frequencies for Hypothetical Town, MA.��������System Classification�System Description�Minimum System Monitoring and Maintenance Frequency*��Type I�Conventional septic system including chemical toilets, incinerating toilets, and composting toilets�every 7 years if design flow < 1000 gpd; every year if 1000-3000; 12/year if 3000-10000; 1/week if >10000��Type II�Any system with a pump or pressure distribution�2/year if design flow < 3000 gpd; 12/year if 3000-10000; 1/week if >10000��Type III�Sand filter, peat filter, biofilter pretreatment system �2/year if design flow < 1000 gpd; 4/year if 1000-3000 gpd; 12/year if 3000-10000; 1/week if >10000��Type IV�Aerobic treatment unit or any other mechanical, biological, or chemical pretreatment system�4/year if design flow <1000 gpd; 12/year if 1000-3000; 1/week if 3000-10000;2/week if 10000-25000;5/week if >25000��Type V�Wastewater recycle system�12/year if design flow < 3000 gpd; 1/week if 3000-10000;2/week if 10000-25000;5/week if >25000������* greater frequencies may be required in some control zones�����adapted from the system management requirements specified in North Carolina.  Systems are classified based upon this table.  Systems with multiple components shall be classified by their highest or most complex system type according to Table 10. The frequency of inspections increases with increasing system size or complexity.  Inspection frequency is also influenced by the control zone classification in that part of the watershed.



The specific system monitoring procedures should be included in the DSWMP submitted to the state and local regulatory authorities and approved by them.  The system performance monitoring procedures and operation and maintenance requirements suggested here are based upon information reported by Hoover et al. (1991), Craven County (1996. Unpublished data, Craven County Innovative and Alternative Demonstration Program, Craven Co., North Carolina), Hoover et al. (1996), and Berkowitz (1997). These monitoring procedures apply to pertinent system components depending upon the type of system used at a site. The lists provided below are comprehensive in nature, and address all potential system components that could be present at a site.  



Monitoring procedures conducted during a system inspection can be grouped into the following five categories: observations, measurements, calculations, maintenance activities, and reporting. We suggest that the following be observed at each inspection, as appropriate:



	(1) wastewater level in the tanks, 

	(2) the septic tank outlet filter or screened pump vault for clogging, 

	(3) watertightness of tanks, risers and pipe connections at tanks, 

	(4) operation of pumps, floats, valves, electrical controls and alarms, 

	(5) pumping frequency from pump impulse counters and elapsed run time meters, 

	(6) the sand filter or other treatment unit surface for wastewater ponding, 

	(7) physical integrity of the pipe network, 

	(8) vegetative growth over the drainfield, 

	(9) the drainfield area for surfacing of effluent, 

	(10) the pretreatment unit effluent to visually confirm the effluent is clear, and 

	(11) performance of the disinfection unit if included in the system.



The following shall be measured at each inspection, as appropriate:



	(1) sludge and scum levels in the septic tank, 

	(2) sludge level in the pump tank, 

	(3) pressure head in the distribution network, 

	(4) pump delivery rate at the design pressure head,   

dosing volume, and

average daily flow to the system, when measurable.



	Systems with pumps shall have pump impulse counters and elapsed run time meters in the control panel.  For these systems, pump delivery rate efficiency and average pump run time shall be calculated.  The pump delivery rate is the measured rate (in gallons per minute) that the pump delivers effluent to the pressure distribution network when the pressure head in the distribution network is adjusted to (set at) the original design specifications.  The pump delivery rate efficiency is the pump delivery rate measured during a field inspection divided by the original pump delivery rate measured when the system was first put into use, and multiplied by 100%.  Significant increases or decreases in the pump delivery rate efficiency are indications that the pressure distribution network has become clogged or that the pipe network has broken.  See Hoover et al. (1996) for more details regarding these measurements and their significance.  Regular measurement of pump delivery rate and calculation of efficiency allows the system operator to identify and correct problems as they are developing before they lead to system malfunctions and discharge of sewage effluent on the ground surface.  Pump run time is usually a less precise indicator than pump delivery rate efficiency of distribution network performance, but is a valuable measurement for assessing other system functions.  Average pump run time data can frequently be utilized to estimate the daily flow to the system.  These data can help assure that wastewater is not bypassing the treatment unit and to identify broken pipes or clogged parts of the distribution network.

	

	Effluent sampling and analysis is also an integral part of performance assessment. Pretreatment unit effluent samples shall be collected at least yearly by the local or regional management entity for systems designed to meet TS3, TS4, TS5, or TS6.  Disinfection unit samples shall be collected at least every six months for systems designed to meet TS7, TS8, or TS9.



	Additional sampling requirements include:	



Sample collection frequency shall be specified by the local or regional management entity and can be greater than the frequencies indicated above when the risk of system malfunction is great,

Pretreatment unit effluent samples, and disinfection unit effluent samples shall be kept on ice between 0 and 4 degrees Celsius temperature, and promptly analyzed within 24 hours of collection for the appropriate water quality parameters,

Septic tank effluent samples must be similarly collected and analyzed for the appropriate water quality parameters for systems designed to meet TS4, TS6, TS8 and TS9.  Pressure-dosed, single pass, sand filters are assumed to provide about 25% nitrogen reduction (Hoover, et al., 1991; and Bushman, 1996).  Therefore, septic tank effluent does not need to be analyzed for pressure-dosed sand filters designed to meet TS3. 

Samples shall be analyzed using accepted laboratory techniques (American Public Health Association or U.S. Environmental Protection Agency or equivalent),

Samples that do not meet treatment standards specified in Table 1 shall be resampled utilizing the following protocol:



When a sample does not meet the applicable treatment standards, the system shall be re-sampled two more times within the next 60 days,

The average system performance then is calculated as the arithmetic mean (geometric mean for fecal coliforms) of results from the three samples,  and

System maintenance or repair is required whenever the average system performance as calculated above does not meet the applicable treatment standards.



	The system owner shall be alerted in a timely fashion of needed maintenance or repair activities including, but not limited to, landscaping, tank sealing, tank pumping, lateral pipe desludging, pipe or control system repairs, and adjustments to any other system component.   The system owner shall also be notified whenever the pump delivery rate efficiency or pump run time are not within 25% of design specifications. System troubleshooting and needed maintenance (flushing lines, etc.) must be provided to maintain the pump delivery rate efficiency and pump run time within 50% of design specifications.  The management entity shall keep the septic tank outlet filter or screened pump vault cleaned and in proper operating condition.  The septage will be pumped out of and removed from the septic tank as needed upon recommendation of the management entity.  Normally, the septage will be pumped out whenever the solids level exceeds 25% of the septic tank’s liquid working capacity or the scum layer is more than 6 inches thick.  Alternatively, Title 5 includes specific guidance regarding system pumping (Section 15.351) that may guide pumping decisions.



	After each required system inspection, a completed written report shall be provided to the system owner.  At a minimum this report must specify:



	(1)  system operating conditions observed, 

	(2)  system operating conditions measured, 

	(3)  results from any laboratory analyses of any effluent samples,

	(4)  an assessment of overall system performance,

	(5)  a determination of whether the system is malfunctioning, and 

the date and time of the system inspection.





Ecological Resource Assessments



	One of the key parts of this risk management approach is looking at the big picture to assess the health of the ecological resource and the cumulative impacts that on-site systems may have in a watershed.  Existing on-site system rules do not comprehensively address this issue in any state.  This is due in large part to the lack of a regional management approach to on-site systems.  Rules for on-site technologies deal almost exclusively with impacts on a lot-by-lot basis. They do not address ecological resource assessment.  Since permitting is always controlled by conditions on one lot, there is no rationale for looking at on-site systems from a broader point of view.  



	Development of a straightforward process for conducting an ecological resource assessment is complicated by the substantial effort it takes to isolate the effects of on-site system contributions to water quality degradation and ecosystem decline from the contributions due to other non-point sources of pollutants. Complicated tracer experiments with multilevel piezometers and screened wells are often required to document the magnitude of pollution due to on-site systems.  A proposal to develop methods for conducting ecological resource assessments has been submitted to EPA (Ecological assessment and monitoring protocols for on-site wastewater treatment districts” by Arenovski et al., 1996).   However, at present such protocols do not exist and ecological resource assessments have primarily been used as research tools at watersheds suspected of being contaminated due to septic systems.

	In the absence of a simple method for conducting a true ecological resource assessment, we have developed an approach to accomplish much of the same objective with much less effort than a full research study.  Our approach utilizes resource impact monitoring as an important part of the risk management process for Control Zones R5, R4, and R3.  Resource impact monitoring is a process of sampling ground waters, perched waters and surface waters adjacent to the on-site system and extrapolating these results to assess the cumulative effect of on-site systems on the watershed and it’s important ecological resources.  These waters are sampled at selected benchmark sites that represent typical conditions in the watershed.  Sampling sites would be selected  to represent a percentage of the on-site systems in the Control Zone.  The greatest resource impact monitoring efforts should be in Control Zones R5 and R4.  Many of the sample collection sites for the resource impact monitoring would be on public lands such as riparian lands, etc. located adjacent to, or down gradient from the on-site systems.  Granted that it will be difficult to ascertain and separate out the septic tank-caused problems from those due to other sources such as storm water, boat waste, road runoff, lawn fertilization, dogs, geese, etc.  Therefore, these benchmark sites should be few in number and established along the ground water flow path leading from the on-site systems towards the ecological resource (such as shellfish waters).  Relatively few benchmark sites should be used since it may be necessary to fully characterize the extent and variability of the pollutant ground water plume.  Alternatively, effluent characterization, with an appropriate mass balance model, may be the most cost effective means to evaluate the impact of on-site systems in the watershed.  The DSWMP prepared by the management entity should specify the type and intensity of resource impact monitoring efforts.  The management entity may wish to distinguish between the intensity of monitoring  required for remedial situations from that for areas with new developments.  This monitoring data would be supplemented by evaluation of water quality data already being collected by state and local agencies for public water supplies and other public waters in the watershed.

	The local or regional management entity would collect the resource impact monitoring samples in all cases except for those from public water supplies and samples already being collected by the state.  The results would be evaluated on an annual basis.  Upgrades to existing systems can be required in Control Zones R5 and R4 if resource impact monitoring indicates degradation of the public water supply or ecological resource is imminent.  Landowners in the community would need to be notified of this requirement prior to the time that a decision is made to establish the local or regional management entity.  Funding mechanisms for possible mandated upgrades would be an issue that would also need to be decided upon prior to establishment of the management entity.











	On an annual basis the local or regional management entity will provide a summary to the local health officials, the state, or EPA, as appropriate, specifying:



(1)	the name and address of the primary contact person in the local or regional 	management entity,

(2)	the number and type of on-site (including cluster) technologies installed that year,

	the number of outstanding permits for on-site technologies,

	the total cumulative number of on-site technologies installed since inception of the 	management program, 

	the total number of inspections and pumpouts completed that year,

	the total number of failures reported that year,

	the current number of on-site technologies malfunctioning as of the date of the 	report, 

	the percentage of required management entity system monitoring inspections that 	have actually been performed that year,

	a summary of the resource impact monitoring results, and

a brief written assessment of overall performance of the management program.



�

Community Process for Implementing This Management Approach



	This section describes the process that communities need to go through when implementing an on-site system management approach that incorporates the principles of risk assessment and risk management.  Shephard (1996) and Arenovski and Shephard (1996) have described the need for advanced management of decentralized systems as well as the options and methods for establishing management entities in Massachusetts.  Other publications including Hoover et al. (1990) and Alexander et al. (1996) have described management options available in other jurisdictions.   Since management of advanced on-site technologies is an emerging issue that has not yet been fully implemented in Massachusetts, the guidance provided in this Site Evaluation, Design and Engineering document should be considered tentative.  The process we describe here will only become fully defined, refined and improved when communities begin implementing local and regional management entities in their jurisdictions.  The following is an overview of a process for implementing centralized management of decentralized systems.





Overview of Community Process for Implementing Managed On-Site Systems Using 

Risk Assessment and Risk Management Principles



Evaluate long term costs and relative effectiveness/suitability on a community basis for individual on-site systems, clustered systems, and centralized sewers.

Establish a local or regional management entity.

Assess and rank the relative importance or value of water resources and their vulnerability to contamination in the watershed(s).

Construct a ground water and surface water protection matrix with appropriate control zones.

Map the protection matrix control zones in the watershed(s).

Establish a database to track system usage, performance, and impacts.

Begin the permitting and management process in conjunction with local health authorities.





We envision that the community process for implementing this management approach will include at least fourteen detailed steps.  These steps include:



Conducting a needs assessment for the community to determine if their are compelling environmental conditions, land use issues, or development plans that warrant the use of a particular wastewater management infrastructure.  The “Planning Document” provides guidance regarding this needs assessment and technology screening process.

Assessing the expected costs to the community of using individual on-site systems, and/or clustered on-site systems so as to determine whether establishing a local or regional management entity will be more cost effective than sewering the entire community.

Establishing goals, objectives and a proposed scope of work for the prospective local or regional management entity, if the decision is made to develop a management entity.

Assessing the available legal options for establishing a local or regional management entity and determining whether the management entity can obtain the legal authority that it needs to accomplish it’s goals and objectives.

Determining the potential relationships and responsibilities between the local or regional management entity, owners of the on-site systems, local health officials, the state, and EPA.

Formally establishing the management entity and assuring that it has the legal means to enter private and public property for system inspection, monitoring, sampling and conducting the resource impact monitoring that is the basis of the ecological resource assessments.

Assessing and ranking the relative value or importance of receiving environments (public water supplies, ground water resources, and surface water resources) in watersheds in the community.

Developing the ground water and surface water protection matrix, assigning control zones (R5 through R1) to each cell in the matrix, and establishing control measures appropriate for each control zone.

Mapping the control zones (R5 through R1) in all watersheds using a geographic information system (GIS) (if a GIS is not available and the community does not cover an extensive land area, then less costly methods can be used to map the control zones).

Submitting a Decentralized Systems Wastewater Management Plan (DSWMP) to the appropriate authorities and obtaining approvals from local health officials, the state and EPA for the matrix and control measures.

Funding the management entity and establishing a fee structure for inspections, sampling, and sample analyses as well as for system repairs and upgrades.

Creating a database to track the location and classification of systems, O&M schedules for all systems, and performance data such as operational data for individual systems, water quality data, and resource impact monitoring data.

Conducting the permitting and management process working in conjunction with the local public health agents, as appropriate.  This also includes providing O&M services for each individual or clustered on-site system and collecting resource impact monitoring data as per the approved DSWMP.

Providing annual performance assessments to local health officials, the state and EPA, as agreed upon in the DSWMP including identifying impacted public water supplies or water resources that require further action by land owners, the management entity or the community as a whole.





Assessing the Long Term Costs of On-Site Systems 



Costs will be an important decision making factor for communities that are wrestling with the choice of whether to sewer up or to utilize this new approach to establish a wastewater management infrastructure. The construction (or installation) costs of different types of advanced on-site technologies are unknowns that communities face when trying to determine whether these systems can meet their wastewater infrastructure needs.   The long term management costs must also be known if communities are to decide whether on-site systems are affordable to them.  The need for cost information is relevant not just to communities at large, but also to individuals within these communities who want to know how much it will cost to install specific types of on-site systems.  The installation cost for a system at one building site can vary from less than $2,000 to well over $10,000 depending upon the type of system, its size, and materials and labor costs in the area.  Having cost data available allows landowners to choose the most cost effective system for their land within the allowable options.  Perhaps more importantly, easily accessible cost information will help communities determine whether to pursue establishing a management entity, or whether sewering is their most cost effective option.

  

Therefore, Step 2 in the process described above is perhaps one of the most important steps since it represents a key decision point for a community grappling with whether to invest the time and money necessary to pursue the approach described in this document.  The installation and long term operational costs of 46 types of advanced on-site technologies can be estimated by inputting local design criteria, cost information, maintenance frequencies, and other data into a simple computer spreadsheet program called COSMOTM: Costs of On-Site Management Options. COSMOTM was developed at North Carolina State University (Renkow et al., 1997) and is briefly described in this document. A complete explanation of this cost estimation tool, including the system technical specifications and assumptions used in the model is provided by Hoover and Renkow (1997).  COSMOTM can help facilitate an understanding of the costs of various on-site wastewater treatment technologies used at individual home sites or for small wastewater flows (less than 1000 gallons per day of sewage).  COSMOTM consists of a series of interlinked Excel spreadsheets that provide community leaders, extension-agents, homeowners, engineers, installers, county officials and other users the ability to estimate the installation and operating and maintenance costs of alternative systems for the specific area in which they live.  These systems range from basic on-site technologies such as the conventional septic system up to very advanced on-site technologies such as pressure-dosed sand filters followed by ultraviolet light disinfection units.



Communities can utilize cost estimation tools such as COSMOTM to get an order of magnitude estimate of what the costs will be for remediation of failing conventional septic systems and ineffective cesspools via installation and long term maintenance of  advanced on-site technologies.  One approach would be to estimate the number of failing or ineffective systems that must be replaced in the community, determine which of the 46 different advanced on-site technologies will be needed in the community, and utilize COSMOTM to estimate these costs.  The distribution of advanced technologies will depend upon soil conditions in the community and the treatment performance standards that are anticipated to be required for these soils in the DSWMP.  For instance, if 25% of the existing systems in the community are failing conventional septic systems, ineffective cesspools, or otherwise substandard systems, then the community might estimate the costs to replace 25% of the systems in the community.  A simplified example could be:



if there are 500 systems in the community,

if 25% of the existing systems (125 systems) must be replaced,

if soil conditions are such that these 125 systems can be replaced as follows:

	20% replaced using system A1 in COSMOTM @ $??/month for system A1,

	15% replaced using system J in COSMOTM @ $??/month for system J,

	15% replaced using system L in COSMOTM @ $??/month for system L,

	15% replaced using system Z1 in COSMOTM @ $??/month for system Z1,

15% replaced using system Z2 in COSMOTM @ $??/month for system Z2, 

10% replaced using system P in COSMOTM @ $??/month for system P, and 

	10% replaced using system ZC in COSMOTM @ $??/month for system ZC,

The total costs to the community would include:

total replacement costs as calculated above, costed over 30 years for the 125 systems,

plus add the resource impact monitoring costs including sampling and laboratory analyses costs, and 

the management entity administrative costs.



The approach outlined above is a simplified description of the estimation process that communities may want to utilize.  The COSMOTM program allows the user to specify assumptions regarding a per system monitoring cost ($), a monitoring frequency (no. of inspections per year) for each type of system, and an assumed system repair frequency (eg. 10 years, 20 years, 30 years, etc.).  Therefore, it can account for the costs of variable monitoring frequencies (eg, one inspection per year for one type of system versus four inspections per year for a different type of system).  The costs associated with laboratory analyses of treatment unit effluent can be included as a part of the $ cost per monitoring visit for each type of system. The present-day value of future costs for repair of the system can also be incorporated into the COSMOTM program.  A number of scenarios could be run using COSMOTM to assess the sensitivity of the costs to the above assumptions.  It is important to note, however, that COSMOTM cannot be used to estimate the institutional costs associated with running the management entity or the costs of the resource impact monitoring.  These would need to be separately estimated.  The costs of resource impact monitoring could be substantial.  The amount and sophistication of resource impact monitoring that is required for decentralized systems will also influence whether sewering becomes the more economical approach.  



The costs estimated using the approach described above should be compared to the costs for sewering the community and the costs for utilizing clustered communal drainfields so as to identify the most cost effective approach for the community.  The expected costs for clustered systems using communal drainfields and the costs of sewering the entire community are not addressed by COSMOTM.  These will need to be separately estimated to facilitate this type of comparison.  The WAWTTAR (Water and Wastewater Treatment Technologies Appropriate for Reuse) computer program developed by Robert Gearheart, Brad Finney, and Mac McKee at Humboldt State University may be useful for estimating the costs for sewering the community.  Also, a consulting engineering firm with appropriate expertise may be able to provide these cost estimates.  However, estimating costs for a centralized collection system serving a dispersed population will be problematic since most cost estimates for sewering assume a dense pattern of development with small lots.  Therefore, the community should assure itself that the cost estimates provided to it compare “apples to apples” versus comparing “apples to oranges.”  That is, be sure that the cost estimates for sewering up the community include the costs for all dispersed development areas, not just the town center and a few adjacent subdivisions.  The USEPA is currently preparing a Report to Congress regarding the cost effectiveness of decentralized systems.  When available, this report may shed some light on the relative costs of individual on-site systems, clustered systems and centralized sewers.



The decentralized approach will not always be the most cost effective, particularly where individual on-site systems are proposed on each lot in the community.  Frequently, much of the cost savings from the decentralized approach comes from the economies of scale related to clustering and utilizing communal drainfields and small communal treatment units.  In other words, a community might find greater cost benefits from clustering than from individual systems when utilizing the decentralized systems approach.  Also, consider that centralized sewering may, in fact, be the more cost effective approach depending upon economic and environmental evaluation of wastewater management strategies on a case-by-case basis.





Establishing the Local or Regional Management Entity



	If the community decides that the costs of the decentralized approach seem acceptable, then the next part of the process is to establish and fund the local or regional management entity (Steps 3 through 6 above).  This includes determining what the relationships and division of responsibilities will be between the management entity, the local health department and state regulatory authorities.  The management entity should work very closely with the local health agency to establish a protocol for utilizing this progressive approach to on-site system permitting. The local health agencies may be uninterested or legally unable to transfer permitting authority to the management entity.  A more realistic approach may be for the management entity to jointly develop the management approach with the local public health agents, so that it is a combined effort with common goals and objectives and a realistic division of responsibilities and duties.  In this case, the public health agent would issue the permits according to existing law and rules using the guidance and siting flexibility included in the state approved DSWMP.  The management entity would inspect and monitor the individual systems and provide the resource impact monitoring in the watershed that is so important to the risk management approach.  The management entity would have to obtain the concurrence of the local public health board and the state to obtain authority for fairly extensive flexibility in siting requirements from that included in the current code.  This flexibility will be needed so that advanced pretreatment systems can be used to remedy existing failing conventional systems and ineffective cesspools in the community.  The management entity would also need to have the authority to conduct operation and maintenance of systems, monitoring inspections, and have access to other public lands to facilitate resource impact monitoring.  There may need to be statutory changes made to facilitate these responsibilities.  Further details on many of the points in Steps 3 through 6 above are addressed in the other three publications (the Planning Document, Management Document, and Accountability Document) of this four-part series of guidance documents.





Developing the Decentralized Systems Wastewater Management Plan



Once established, the management entity must begin the risk assessment and risk management process.  The procedures to accomplish Steps 7, 8, and 9 are addressed in this “Site Evaluation, Design, and Engineering” document.  They result in the development of a complete Decentralized  Systems Wastewater Management Plan (DSWMP).   Our assumptions regarding the outline, structure and important elements of a DSWMP are shown below.  The precise format of such a plan will have to be established by the first few communities going through this process.





Outline, Structure and Important Elements of a

Decentralized Systems Wastewater Management Plan (DSWMP)



Introduction.

Objectives, purpose, scope, and geographical jurisdiction of the plan.

Statement of intent and assurance of the entity’s “management capacity.”

Bonding or other assurance of longevity

Description of the public participation process used during development of the DSWMP.

Risk assessment protocols for the watershed(s).

	Text describing the ecological resource assessment.

	Table ranking relative value of the water resources in the community.

	Table relating vulnerability criteria for ground and surface waters.

	Table ranking relative vulnerability of soils in the watershed(s).

	Table showing ground water and surface water protection matrix.

	Draft map showing control zones locations in the watershed(s).

Risk management protocols for the watershed(s).

Specific control measures for on-site systems including cluster systems.

	Text describing management approach and protocols.

	Table showing treatment performance standards and pollutant limits.

	Text proposing which on-site system technologies will meet each treatment standard.

Text justifying soil and site criteria flexibility for each treatment standard.

Table listing treatment performance standards for each control zone.

Table and text listing other control measures for each control zone.

Table specifying system classification, inspection, and reporting frequencies.

Text specifying system inspection and monitoring protocols.

Text specifying resource impact monitoring protocols.

Relationships between the management entity, other agencies, and landowners.

	Regulatory linkages.

	Responsibilities of the management entity.

	Responsibilities of the local board of health.

	Responsibilities of the state.

	Responsibilities of landowners in the community.

Reporting plan for the management entity to state and local authorities.

IX.  Summary.





The way to begin conducting the risk assessment procedure is to use Table 2 in this document as a starting point and meet with knowledgeable state water resource specialists, local soil scientists, hydrogeologists, engineers, and town planners.  They can assist your agency in defining the location and relative importance of public water supply sources, surface water resources, ground water resources and wetland resources in your area.  If the community conducted a needs assessment according to the procedure laid out in the “Planning Document”, much of the information needed to construct Table 2 will be available as part of the community profile.  This table identifies the receiving environments in your community.  Then review and refine Table 3 to fit the relative value of public water supplies and resources in your area.  Stakeholders in the community should be intimately involved in developing the DSWMP.



The EPA publication entitled “Protection of Public Water Supplies from Ground-Water Contamination” (USEPA, 1985), would be a good starting point to understanding the overall water resources and potential impacts to them in your area of the country.  However, a state specific publication such as the USGS publication entitled ‘Water Resources of Massachusetts” (Simcox, 1992), provides an excellent summary of the important water resources and their location within different regions of Massachusetts.  Similar publications are available in most states.  You may refer to the “Planning Document” for sources of water resource information.



Next review and revise the vulnerability criteria presented here in Table 5 (such as thickness of unsaturated zone, soil thickness, soil morphology, and soil permeability) so that these are appropriate for your local area.  At this point it will be valuable to obtain the input of a professional soil scientist.  In fact, the local or regional management entity should hire a professional soil scientist on staff since the extensive use of siting flexibility requires a high degree of quality control in the siting process.  This person should also be a certified site evaluator in Massachusetts.  The management entity may also have to establish additional vulnerability criteria to address extremely rapid rates of recharge to ground water that can occur in karst, limestone areas and in some lava flows in other areas of the country.  Once you have established your vulnerability criteria, then your soil scientist must evaluate the soil resources in the area and determine which soil series fall into extreme, high, moderate, and low vulnerability classes.  A first attempt at this process for Massachusetts soils has been previously illustrated in Table 6.



After determining value and vulnerability of the resources you are ready to construct the ground water and surface water protection matrix for your area using the format provided in Table 7.  This matrix is the heart of the risk assessment approach.  You must determine and assign control zones (R5,…,R1) within this matrix by revising and modifying Table 8 to reflect your local area.  Then evaluate the control measures described in this document for each control zone and subzone.  Adjust or refine these control measures, including treatment performance standards, as appropriate for your area.





Mapping the Control Zones in the Watersheds



	After conducting the risk assessment, you must map the receiving environments (SS, SI, SO,….,Lo, Pc, OSW) and control zones (R5,…,R1).  The mapping should be conducted using a GIS (Geographical Information System) or a PC based non-GIS program such as Atlas Graphics depending upon the financial and other resources available to the management entity.  GIS mapping is available through the Massachusetts Department of Environmental Protection and most regional planning agencies.  Data for resource mapping will frequently be available from NRCS soil survey and USGS geological mapping projects.  Soil survey maps are generally available at 1:1320 to 1:2000 scales, while USGS topographic maps are generally available at a 1:2000 scale.  Subwatershed areas will need to be identified upon the USGS topographic maps.   An important part of the process is identifying and locating on the maps any ground water resources such as community wells and springs that are used as sources for public water supplies.  Similarly, any surface water resources such as reservoirs and river water intakes that are used as sources of public water supplies should be mapped.  Generally, two map scales will need to be used for the mapping process:



a 1”:1000’ to 1”:2000’ scale for resources, and

a 1”:500’ to 1”:1000’ scale for public water supplies.



	At a minimum the mapping can be done by hand on USGS 7.5 minute topographical quadrangle maps (1:2000 scale) for resources and ACSC photos (1:660 scale) for public water supplies if the community does not cover an extensive land area.  However, a better approach will be use of a simple, fairly inexpensive PC-based computer program such as Atlas Graphics and a digitizing pad.  The expense of this approach is not very substantial since these types of programs are menu-driven and user friendly.  On the other hand, the best approach will be use of a GIS.  However, unless the local or regional management  entity has access to a state or county GIS they may need to buy the GIS equipment and software, as well as hire a professional operator to run the system.



Step 10, submittal of the Decentralized Systems Wastewater Management Plan to the appropriate agencies and it’s approval, is a prudent measure to accomplish before proceeding with the rest of the process.  The remainder of the process is dependent upon the acceptance of the DSWMP by federal, state and local authorities. 



Funding of the management entity, Step 11, is partially addressed in the “Accountability Document”.  It describes potential funding mechanisms for these organizations. However, without a track record for management entities in Massachusetts, there is very little information available to guide them in establishing their fee schedules.



	

Creating a Database 



	After mapping  the ecological resource zones and control measures, the management entity should consider establishing a computer database system for information tracking and assessment (Step 12).  The management entity will need to track system usage, locations and inspection schedules for various types of technologies, development density in certain control zones, system performance monitoring data, and resource impact monitoring data.  The local or regional management entity will need to conduct field surveys to locate all existing systems in control zone R5, and all medium and large flow (design flow > 1000 gpd) systems in control zones R4 and R3.



	

Starting the Permitting and Management Process



Steps 12 through 14 will be an on-going process for management entities throughout their existence.  It is likely that each of the last three steps will continually be revisited and refined by the local or regional management entity. Also, communities will need to periodically revise their control zone maps (Step 9) to reflect changes in uses of water resources in the community.  



The primary purpose of this document is to describe siting, design, and engineering from a community perspective rather on a lot-by-lot basis.  However, this last section illustrates how we anticipate the permitting and management process could proceed once the DSWMP is in place.  The responsibilities and actions that need to be accomplished during the permitting process for an individual lot are summarized below.  First of all, we describe how the permitting process could function through the site evaluation stage for a single lot, or tract of land.  Then, we describe the anticipated responsibilities of the local or regional management entity, the landowner, and his/her consultant for design of the system as well as construction and long term maintenance.  The permitting process includes activities conducted:



prior to the site evaluation,

during the site evaluation,

after the site evaluation, and

after the system installation.



	

Prior to the site evaluation

identify the proposed site on the protection matrix control zone maps,

determine the quantity and quality of flow from the size and type of proposed facility,

assure that the level of management required in the control zone (e.g. R3) is available through the local or regional management entity,

establish the applicable treatment performance standard from the control zone (e.g. R3a), requirements, and

communicate the minimum siting vertical separation distance and horizontal setback requirements for that control zone to the landowner or consultant.





During the site evaluation

confirm the location of the site on the protection matrix control zone map,

evaluate and describe soil morphology including color, texture, structure, and consistence,

determine depth to bedrock (ledge), restrictive horizons, water table, or other unsuitable soil morphological characteristics,

recommend acceptable type(s) of systems for this site including control zone requirements regarding vertical separation distances and a proposed depth of the infiltrative surface,

determine the system loading rate from the soil morphological evaluation and system type,

determine the required system size from the design flow and the loading rate,

evaluate whether the system will fit on the site on the basis of the required system size and control zone requirements regarding horizontal setbacks to system components, and

evaluate the native soil denitrification potential, landscape scale denitrification potential, and native soil phosphorus retention capability of the soils at the site if required for that particular control zone.





	After the site evaluation has been completed, responsibilities can  be assigned to the local or regional management entity, consultant, and landowner.  The following is one example of how responsibilities may be divided among these groups.





After the site evaluation, the local or regional management entity

specifies soil and site characteristics from the site evaluation,

specifies the control zone and control measures for the site,

specifies the treatment performance standard requirements,

specifies the type(s) of systems that are approved for meeting that standard,

recommends the proposed depth of the infiltrative surface,

specifies system monitoring requirements,

specifies location of any resource impact monitoring,

specifies design of resource impact monitoring stations,

reviews design submitted by consultant,

issues installation permit if design is adequate,

reviews system installation and resource monitoring stations installation, and

approves system installation if appropriate.





After the site evaluation, the consultant

determines the type of system to be used at the site,

provides a system design that meets the control zone requirements including the treatment performance standard specifications,

provides a system layout in the field,

provides an O&M plan that meets or exceeds minimum specifications, and

provides cost estimates to the landowner. 





After the site evaluation, the landowner

provides the local or regional management entity legal access to the system,

provides the local or regional management entity legal access to any resource monitoring stations,

provides acknowledgment to the management entity that system upgrades may be required in control zones R5, R4, and R3, if resource impact monitoring indicates it is necessary,

contracts with a contractor to install the system,

contracts with a contractor to install any resource impact monitoring stations,

schedules a preconstruction conference with the consultant, installer, and local or regional management entity,

pays for system installation and monitoring station installation, and

provides the local or regional management entity with as-built plans of the system.





After system installation, the local or regional management entity

records the system location, type of system and owner information into the database,

records system startup information such as pressure head, pump delivery rate, dosing volume, etc. into the database,

records the location of any resource impact monitoring stations at the site into the database,

designs, contracts and pays the costs for installation of any off-site resource impact monitoring stations,

monitors system performance according to the schedules provided earlier,

collects samples and conducts lab analyses for resource impact monitoring stations,

reviews system monitoring and laboratory analysis data,

evaluates resource impact monitoring data to determine if there are any imminent hazards,

requires landowners to improve system performance, or upgrade the system whenever monitoring indicates the need,



�

Summary



	The initial question posed in this document was whether there are only two approaches to wastewater management for Massachusetts communities (Figure 3).  The same question is pertinent for much of the rest of New England and the nation.  Do communities have to choose from only two wastewater infrastructure options?  Is it a black and white choice with no shades of gray?



Are there more than two options?
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Figure 3.  Are there more than two options for a wastewater management 				          infrastructure in your community?





	One option in areas not suited to conventional septic systems can be the use of regional public sewers that consist of expensive collection pipe networks and large treatment plants.  Many times sewering will be the system of choice.   However, with limited public funds available for expansion of sewers,  this approach to wastewater management is not readily affordable to many communities.  In addition to economical and resource limitations, questions also exist regarding the adverse impacts that “sewering up” has on local environments, including impacts on water transfers between watersheds and increases of development density in communities that sewer up.  The conditions described above have created a national thrust towards the use of decentralized technologies such as alternative and innovative types of on-site systems (including small community cluster systems).  These decentralized approaches can frequently make more efficient use of limited economic resources in rural and suburban areas.



	Also, many people in regulatory agencies across the country are reluctant to consider the use of  a broad range of  advanced on-site technologies, because these systems are more sophisticated than the conventional septic system.  Alternative systems cannot withstand the “put it in the ground and forget about it” mentality that has traditionally been used with conventional systems.  In fact, even the conventional system cannot withstand that mentality and operate properly for the long term.  Therefore, advanced types of on-site systems are not likely to become viable options for homeowners and communities until the maintenance needs of these systems have been addressed by those communities.  Once the maintenance of those systems is assured, they should become very real options for wastewater management.



	Also, permits for on-site systems have traditionally been issued solely on the basis of soil characteristics on the lot.  The cumulative effects of many on-site systems upon the ecological resources in the watershed have not been taken into account during the permitting process.  Risk management has never been a part of the siting process for on-site systems.



	We propose here a site evaluation, design, and engineering process for using decentralized systems within a regional management context that addresses both risk management and long term system monitoring.  While serious management of advanced on-site technologies will come at some substantial cost, these costs can be much less than the financial and environmental costs of sewers and large regional wastewater treatment plants.  Therefore, managed on-site systems may be cost effective in many rural and suburban areas.  A local or regional management entity could potentially provide a complete range of wastewater treatment options from conventional septic systems, advanced on-site technologies, and cluster systems to large regional sewage treatment plants (Figure 4).  Community-wide management districts could provide a measurable high level of wastewater treatment and substantial cost savings to the community.  Money that communities save by utilizing well maintained on-site systems instead of sewers in low to moderately densely developed areas can then be available for other needs such as schools, parks, and community services.
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	Figure 4.  A complete range of wastewater treatment options.
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Appendix A



Example Vulnerability of Massachusetts’s Soils

to Contamination from On-Site Systems
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Table A-1.  Example vulnerability of Hypothetical Town, MA soils to contamination.�����Soil Series�Overall Vulnerability�Unsaturated Thickness Vulnerability�Soil Characteristic Vulnerability��Adams�Extreme�Low�Extreme��Agawam�High�Low�Extreme��Allagash�High�Low�Extreme��Amenia�Moderate�High�Low��Amenia stony�Moderate�High�Low��Amostown�Moderate�High�Moderate��Annisquam bouldery�Moderate�High�Low��Au Gres�Extreme�Extreme�Extreme��Au Gres clay substratum�High�Extreme�Low��Au Gres loamy substratum�Extreme�Extreme�Moderate��Barnstable�High�Low�Extreme��Barnstable stony�High�Low�Extreme��Becket�Moderate�High�Low��Becket stony�Moderate�High�Low��Belgrade�Moderate�High�Moderate��Berkshire�Low�Low�Moderate��Berkshire bouldery�Low�Low�Moderate��Berkshire rubbly�Low�Low�Moderate��Berkshire stony�Low�Low�Moderate��Bernardston�High�Extreme�Low��Bernardston stony�High�Extreme�Low��Berryland�Extreme�Extreme�Extreme��Berryland variant�Extreme�Extreme�High��Biddeford�High�Extreme�Low��Biddeford stony�High�Extreme�Low��Birchwood�Moderate�High�Low��Birchwood stony�Moderate�High�Low��Birdsall�High�Extreme�Low��Boxford�Moderate�High�Low��Brayton�High�Extreme�Low��Brayton stony�High�Extreme�Low��Brimfield�Extreme�Low�Extreme��Brimfield stony�Extreme�Low�Extreme��Broadbrook�Moderate�High�Low��Broadbrook stony�Moderate�High�Low��Brockton�High�Extreme�Low��Brockton stony�High�Extreme�Low��Brookfield�Low�Low�Moderate��Brookfield stony�Low�Low�Moderate��Buckland�High�Extreme�Low��Buckland stony�High�Extreme�Low��Bucksport�Extreme�Extreme�Extreme��Buxton�Moderate�High�Low��Buxton variant�Moderate�High�Low��Buxton stony�Moderate�High�Low��Cabot�High�Extreme�Low��Cabot stony�High�Extreme�Low��Canton�Moderate�Low�High��Canton bouldery�Moderate�Low�High��Canton stony�Moderate�Low�High��Carlisle�Extreme�Extreme�Extreme��Carver�Extreme�Low�Extreme��Charlton�Low�Low�Moderate��Charlton stony�Low�Low�Moderate��Chatfield�Extreme�Low�Extreme��Chatfield stony�Extreme�Low�Extreme��Cheshire�Low�Low�Moderate��Cheshire stony�Low�Low�Moderate��Chilmark�Low�Low�Low��Chilmark stony�Low�Low�Low��Chocorua�High�Extreme�Extreme��Colrain�Low�Low�Moderate��Colrain stony�Low�Low�Moderate��Colton�Extreme�Low�Extreme��Copake�Extreme�Low�Extreme��Croghan�Extreme�Extreme�Extreme��Deerfield�Extreme�High�Extreme��Dukes�Extreme�Low�Extreme��Dummerston�Low�Low�Moderate��Dummerston stony�Low�Low�Moderate��Dumps�Extreme�Extreme�Extreme��Dutchess�Low�Low�Moderate��Dutchess stony�Low�Low�Moderate��Eastchop�Moderate�Low�High��Eldridge�High�Extreme�Low��Elmridge�Moderate�High�Low��Elmwood�Moderate�High�Low��Enfield�High�Low�Extreme��Enosburg�Extreme�Extreme�Moderate��Essex�Extreme�Extreme�Moderate��Essex stony�Extreme�Extreme�Moderate��Evesboro�High�Low�Extreme��Evesboro clay substratum�Low�Low�Low��Farmington�Extreme�Low�Extreme��Fluvauents frquently flooded�Extreme�Extreme�High��Fredon�Extreme�Extreme�Extreme��Fredon variant�Extreme�Extreme�Moderate��Freetown�Extreme�Extreme�Extreme��Freetown ponded�Extreme�Extreme�Extreme��Fullam�Moderate�High�Low��Fullam stony�Moderate�High�Low��Gloucester�High�Low�Extreme��Gloucester stony�High�Low�Extreme��Greenwood�Extreme�Extreme�Extreme��Groton�Extreme�Low�Extreme��Hadley�Moderate�Moderate�Moderate��Halsey�Extreme�Extreme�High��Halsey variant�Extreme�Extreme�Moderate��Hartland�Low�Low�Moderate��Haven�Extreme�Low�Extreme��Hero�Extreme�High�Extreme��Hero variant�Moderate�High�Moderate��Hinckley�Extreme�Low�Extreme��Hinckley gravelly�Extreme�Low�Extreme��Hinckley stony�Extreme�Low�Extreme��Hinckley very gravelly�Extreme�Low�Extreme��Hinesburg�Moderate�High�Moderate��Hinsdale�Extreme�Low�Extreme��Hollis�Extreme�Low�Extreme��Hollis stony�Extreme�Low�Extreme��Holyoke�Extreme�Low�Extreme��Holyoke stony�Extreme�Low�Extreme��Hooksan�High�Low�Extreme��Hoosic�Extreme�Low�Extreme��Ipswich�Extreme�Extreme�Extreme��Ipswich low salt�Extreme�Extreme�Extreme��Katama�High�Low�Extreme��Kendaia�Extreme�Extreme�Moderate��Kendaia stony�Extreme�Extreme�Moderate��Klej�Extreme�Extreme�High��Klej clay substratum�Extreme�Extreme�High��Klej loamy substratum�Extreme�Extreme�Extreme��Lamoine�High�Extreme�Low��Lanesboro�Moderate�High�Low��Lanesboro stony�Moderate�High�Low��Leicester�Extreme�Extreme�High��Leicester stony�Extreme�Extreme�High��Lim�Extreme�Extreme�High��Limerick�Extreme�Extreme�Moderate��Ludlow�Moderate�High�Low��Ludlow stony�Moderate�High�Low��Lupton�Extreme�Extreme�Extreme��Lyman�Extreme�Low�Extreme��Lyman bouldery�Extreme�Low�Extreme��Lyman stony�Extreme�Low�Extreme��Lyons�Extreme�Extreme�Moderate��Lyons stony�Extreme�Extreme�Moderate��Macomber�Extreme�Low�Extreme��Macomber stony�Extreme�Low�Extreme��Marlow�Moderate�High�Low��Marlow bouldery�Low�Low�Low��Marlow stony�Moderate�High�Low��Matunuck�Extreme�Extreme�Extreme��Maybid�High�Extreme�Low��Maybid variant�Extreme�Extreme�Moderate��Meckesville�Moderate�High�Low��Meckesville stony�Moderate�High�Low��Melrose�Low�Low�Low��Merrimac�High�Low�Extreme��Millis�High�Extreme�Low��Millis stony�High�Extreme�Low��Millsite�Low�Low�Moderate��Monadnock�Low�Low�Moderate��Monadnock stony�Low�Low�Moderate��Montauk�Moderate�High�Low��Montauk stony�Moderate�High�Low��Moshup�Moderate�High�Low��Nantucket�Moderate�High�Low��Nantucket stony�Moderate�High�Low��Narragansett�High�Low�Extreme��Narragansett stony�High�Low�Extreme��Nassau�Extreme�Low�Extreme��Naumburg�Extreme�Extreme�High��Nellis�Low�Low�Moderate��Nellis stony�Low�Low�Moderate��Newport�Moderate�High�Low��Newport stony�Moderate�High�Low��Ninigret�Extreme�High�Extreme��Norwell�High�Extreme�Low��Norwell stony�High�Extreme�Low��Oakville�Moderate�Low�High��Oakville loamy substratum�Low�Low�Moderate��Oakville moderately wet�Moderate�Moderate�High��Occum�Extreme�Moderate�Extreme��Ondawa�Moderate�Low�High��Palms flooded�Extreme�Extreme�Extreme��Palms MAAT<50�Extreme�Extreme�Extreme��Pawcatuck�Extreme�Extreme�Extreme��Paxton�Moderate�High�Low��Paxton stony�Moderate�High�Low��Peacham�High�Extreme�Low��Peacham stony�High�Extreme�Low��Peru�Moderate�High�Low��Peru stony�Moderate�High�Low��Pillsbury�High�Extreme�Low��Pillsbury stony�High�Extreme�Low��Pipestone�Extreme�Extreme�High��Pipestone loamy substratum�Extreme�Extreme�Moderate��Pits gravel�Extreme�Low�Extreme��Pittsfield�Low�Low�Moderate��Pittsfield stony�Low�Low�Moderate��Pittstown�Moderate�High�Low��Pittstown stony�Moderate�High�Low��Plymouth�Extreme�Low�Extreme��Plymouth bouldery�Extreme�Low�Extreme��Plymouth stony�Extreme�Low�Extreme��Podunk�High�High�High��Pollux�Low�Low�Moderate��Pompton�Extreme�Extreme�High��Pompton loamy substratum�Extreme�Extreme�Moderate��Pootatuck�Extreme�High�Extreme��Pootatuck protected-rarely flooded�Extreme�High�Extreme��Poquonock�Moderate�High�Low��Poquonock stony�Moderate�High�Low��Quonset�Extreme�Low�Extreme��Quonset channery�Extreme�Low�Extreme��Rainbow�Moderate�High�Low��Rainbow stony�Moderate�High�Low��Raynham�High�Extreme�Low��Raynham flooded�High�Extreme�Low��Raypol�Extreme�Extreme�High��Ridgebury poorly drained�High�Extreme�Low��Ridgebury somewhat & poorly drained�High�Extreme�Low��Ridgebury stony�High�Extreme�Low��Rippowam�Extreme�Extreme�Extreme��Rippowam protected-rarely flooded�Extreme�Extreme�Extreme��Riverhead�Extreme�Low�Extreme��Riverhead bedrock substratum�Moderate�Low�High��Rumney�Extreme�Extreme�High��Saco�Extreme�Extreme�Moderate��Saco variant�Extreme�Extreme�High��Saugatuck�Extreme�Extreme�High��Scantic�High�Extreme�Low��Scantic variant�High�Extreme�Low��Scantic stony�High�Extreme�Low��Scarboro�Extreme�Extreme�Extreme��Scarboro stony�Extreme�Extreme�Extreme��Scio�Extreme�Extreme�High��Scio stony�Extreme�Extreme�High��Scitico�High�Extreme�Low��Scituate�Moderate�High�Low��Scituate bouldery�Moderate�High�Low��Scituate stony�Moderate�High�Low��Searsport�Extreme�Extreme�Extreme��Shaker�High�Extreme�Low��Shelburne�Moderate�High�Low��Shelburne stony�Moderate�High�Low��Skerry�Moderate�High�Moderate��Skerry stony�Moderate�High�Moderate��Stissing�High�Extreme�Low��Stissing stony�High�Extreme�Low��Stockbridge�Low�Low�Low��Stockbridge stony�Low�Low�Low��Sudbury�Extreme�High�Extreme��Sudbury silty substratum�Moderate�High�Moderate��Suffield�Low�Low�Low��Sunapee�Moderate�High�Moderate��Suncook�Extreme�M�Extreme��Sutton�Moderate�High�Moderate��Sutton stony�Moderate�High�Moderate��Swansea�Extreme�Extreme�Extreme��Swansea ponded�Extreme�Extreme�Extreme��Swanton�High�Extreme�Low��Taconic�Extreme�Low�Extreme��Taconic stony�Extreme�Low�Extreme��Tisbury�Extreme�High�Extreme��Tunbridge�High�Low�High��Tunbridge stony�High�Low�High��Udorthents�High�Low�Extreme��Unadilla�Moderate�Low�High��Urban land�Extreme�Extreme�Extreme��Walpole�Extreme�Extreme�Extreme��Walpole variant�Extreme�Extreme�Moderate��Wareham poorly drained�Extreme�Extreme�Extreme��Wareham �Extreme�Extreme�Extreme��Wareham flooded�Extreme�Extreme�Extreme��Warwick�Extreme�Low�Extreme��Westbrook�Extreme�Extreme�Extreme��Wethersfield�Moderate�High�Low��Weathersfield stony�Moderate�High�Low��Whately�High�Extreme�Low��Whitman�High�Extreme�Low��Whitman variant�High�Extreme�Low��Whitman stony�High�Extreme�Low��Wilbraham stony�High�Extreme�Low��Windsor�High�Low�Extreme��Windsor silty substratum�Low�Low�Moderate��Winooski�Moderate�High�Moderate��Wonsqueak�Extreme�Extreme�Extreme��Wonsqueak ponded�Extreme�Extreme�Extreme��Woodbridge�Moderate�High�Low��Woodbridge stony�Moderate�High�Low���Appendix B



Preliminary Cost Estimates for 46 Different 

On-Site Systems in the Barnstable, MA Community

Using COSMOTM: Costs of On-Site Management Options





(INCOMPLETE - 2/99)

�COSMOTM: Costs of On-Site Management Options facilitates estimation of costs for conventional septic systems including simple modifications such as chambers, styrene foam trenches, large diameter pipe trenches, panel block trenches, and biofabric treatment components that are used in the place of gravel in the drainfield trenches.  Modifications also include systems that use either gravity or pumped drainage around the drainfield as well as sand lined trenches in the drainfield.  The types of wastewater distribution techniques addressed in COSMOTM include conventional gravity distribution, pressure manifold distribution, low pressure pipe distribution, subsurface drip irrigation, and surface spray irrigation.  Pretreatment technologies addressed in COSMOTM include pressure-dosed single pass sand filters, pressure-dosed peat filters, pressure-dosed recirculating sand filters, constructed wetlands, aerobic treatment units, denitrification systems with blackwater and graywater separation, chlorination disinfection units, and ultraviolet light disinfection units.  Pressure-dosed at-grade systems, pressure-dosed sand mounds, and raised fill mounds that utilize gravity distribution are also included in COSMOTM.  



Advanced on-site systems are made from combinations of technology components.  These components include pretreatment components, distribution technologies and other options. During the system design stage system components are combined together like boxcars, flatcars, tankcars, engines and cabooses into a treatment train for a particular site. COSMOTM includes cost information for a total of 46 different treatment trains that represent various combinations of on-site technology components (Table B-1). 



COSMOTM consists of a series of 50 Excel worksheets on one diskette.  These include one input worksheet, 46 budget worksheets and three output worksheets.  Users enter information in just one of the 50 worksheets. This worksheet, called LIST, contains over 170 pieces of information on technical system and site specifications as well as costs of equipment, materials, labor and economic parameters.



Table B-2 is a LIST worksheet for the Barnstable community and includes input data for COSMOTM. This table is five pages long.  The first page of the LIST worksheet includes basic system specifications that are used to calculate the size of the systems. The user must choose whether to use either the left side or right side of the page to determine system sizes.  In either case, these input numbers on the first page of the LIST worksheet can be changed by the user of COSMOTM in order to assess the effect of different loading rates, design flows etc. on system costs.  COSMOTM is a process to estimate costs, not a set of costs themselves.  We chose to use the right side of the page for this example and input system sizes directly into the LIST worksheet.  The left side of the page would be used if one desired to calculate system sizes from design flow, distribution system loading rates in gpd/ft2,  pretreatment system loading rates in gpd/ft2, and drainfield size adjustment factors as a percentage.



We assumed a design flow of 440 gallons per day which represents a four bedroom home in Massachusetts.  We also assumed 0.74 gpd/ft2 as a representative soil loading rate for conventional septic systems in the Barnstable community, thereby resulting in the need for 594 square feet of effective absorption area.  Since Title 5 allows the use of sidewall absorption area for calculating the size of systems that utilize trenches, we assumed that one foot of sidewall absorption area was available on each side of each trench.  Therefore, a conventional trench ��EMBED Excel.Sheet.8����system with 3-foot wide trenches required 120 linear feet of trench (594 sq.ft. / 5 ft. absorption area per linear foot of trench).  Similar assumptions were made for other types of system designs assuming varying trench widths and effective sidewall areas.  It is important to note here that COSMOTM assumes the use of generic designs that are not specific to the Massachusetts situation.  The cost estimates produced; therefore, do not reflect the true costs for systems that would be designed to meet the requirements of Title 5.  Hence, these costs estimates should be only used to assess potential costs on an order of magnitude scale and the user is forewarned of the limitations of these data. 



	The second page of the LIST worksheet includes additional system design specifications and the frequencies of O&M monitoring inspections, as well as the anticipated frequencies of repair and maintenance activities.   For instance, we have assumed for this example that septic tanks for all systems will be pumped out every four years and that sand filter systems will be inspected twice per year.



	The third page of the LIST worksheet includes estimates of the labor requirements for installation of all different types of system components on the left side of the page.  We have assumed that it takes a three person crew a combined total of 5 hours to install the septic tank itself, and that it takes 3 hours to install each 100 linear feet of drainfield trench for a conventional system.  These estimates are based on actual installation times provided by contractors in eastern North Carolina; however, the numbers can be changed by the user of COSMO if they are not accurate for a specific locality or contractor.  The right side of the page includes basic labor costs, heavy equipment costs, and general economic parameters including profit margin for the installer.  The data have been adjusted to be appropriate for the Barnstable community.



	The fourth page of the LIST worksheet includes costs of all the pieces and parts of the 46 different systems included in COSMOTM.  These data should be adjusted so that they are accurate for the local cost center.  Most of the data currently included are for the Barnstable community; however, a few of the data were adapted from other communities when data from the Barnstable community were not available.



	The final page of the LIST worksheet includes the computed trench lengths and treatment system sizes.  These numbers are calculated from the information on the first page and are transmitted to the upper left hand corner of each budget worksheet in the spreadsheet.  The materials, labor, and equipment needed to install each system are dependent upon the system size as determined in this fifth page of the LIST worksheet.  Since we chose option “1” at the top of the first page, the system sizes we input were transmitted directly to the fifth page of the LIST worksheet and used in the calculations in the budget spreadsheets.



Given this basic information in the LIST worksheet, COSMOTM automatically computes budgets for each of the 46 on-site systems included in the program.  Changes made to the information in the LIST worksheet are automatically transferred to the 46 specific budgets - one worksheet for each type of on-site system; that is, one worksheet for each treatment train.  These specific budget worksheets calculate the installation and long term management costs for each type of system.  They present a detailed breakdown of materials, labor and equipment costs, as � well as operation and maintenance (O&M) costs over a 30 year period of system operation.  Table B-3 is an example of one of the budget worksheets for a relatively simple system, a conventional septic system using gravity distribution. Table B-4 is an example of a budget worksheet for a more complex type of on-site system that utilizes sand filter pretreatment and gravity distribution in the drainfield.  No reduction in the amount of drainfield area was assumed for systems that use pretreatment.



Finally, three summary worksheets tabulate the installation costs and O&M costs for all 46 systems.  A worksheet called COST SUMMARY (Table B-5) shows average installation and maintenance costs of all 46 systems in the original order presented in Table B-1.  A second summary worksheet called INSTALLATION COSTS displays only the installation costs.  Installation costs for the example LIST worksheet we used are shown in Table B-6.  This worksheet can be automatically sorted to arrange the systems from the least expensive to the most expensive system to install under the conditions specified in LIST.  A third worksheet called MONTHLY COSTS (Table B-7) shows the total monthly system costs (installation costs plus O&M costs) over the length of loan payoff period specified in the LIST worksheet.  This summary worksheet can also be automatically sorted to arrange the systems from the lowest average monthly costs to the highest average monthly costs.  This last summary worksheet basically represents what the costs would be if the installation and O&M costs were included in the mortgage for the home.



These summary worksheets should help people decide which system is the most economical among those that are technically appropriate for a particular site. Also, COSMOTM can help community leaders preliminarily address some of the economic questions they may have regarding utilizing on-site technologies as the primary wastewater management infrastructure in their community.  Be aware however, that specific monitoring requirements to meet requirements for Title 5 systems can substantially increase monitoring costs to the point that on-site system monitoring, laboratory analyses, and certification of performance costs can exceed $2,000 per year.  These potential costs are not reflected in Tables B-5 and B-7.  COSMOTM can help community leaders evaluate the sensitivity of long term costs to such factors as changes in materials and labor costs and in the frequency of monitoring, maintenance, and repair of these advanced on-site technologies.



Finally, the individual 46 budget worksheets in COSMOTM can be used by engineers, contractors or homeowners who wish to evaluate the various materials and cost categories applicable to a particular technology.  For instance, a homeowner or developer might use the cost categories breakdown in the budget worksheet for a particular type of system to help them in their discussions with contractors as they negotiate the installation costs for an advanced on-site technology.  While the specific materials in these costs categories may vary substantially depending upon local practices and regulations, it may prove beneficial for a homeowner or developer to be able to understand the allocation of costs among these categories.  Likewise, a contractor who is relatively unfamiliar with a particular technology, may be able to use a particular budget worksheet to begin to understand what costs he/she is likely to incur during installation of that technology.

 �

To our knowledge, COSMOTM is the first attempt by anyone is the United States to provide a cost estimation tool for such a broad range of advanced on-site technologies.  Therefore, the user is warned that COSMOTM has very substantial and severe limitations.  Many of these limitations are inherent in the fact that this type of cost estimation approach has not been attempted before for on-site technologies and in the fact that COSMOTM is new and relatively untested.  It is presented here as one of a variety of tools people can use and should not take the place of other accepted cost estimation techniques (eg. placing a construction project out to public bid to obtain the lowest cost estimates, etc).  Other limitations of COSMOTM include:



Quality of data input equals quality of data output.  That is, the quality of information derived from COSMOTM Summary worksheets is directly related to how accurate the information is that is put into the LIST worksheet by the user.  The default values for the over 170 pieces of information in LIST are appropriate only to the one locality, a few contractors, and one time period.  The system specifications and cost data in the LIST worksheet must be checked for local accuracy and corrected for the rules, design approaches, and costs used locally.



Due to limitations of space, only 46 combinations of system components are addressed by COSMOTM. All possible combinations of system modifications, pretreatment methods, wastewater distribution strategies, and types of systems are not included.



Use of advanced technologies may be limited in many areas.  The types of systems included in COSMOTM are biased towards what has been used or proposed for use in North Carolina.  Whether these systems can be used in Massachusetts will be determined by the state.



Similarly, system designs assumed in COSMOTM are specific to the North Carolina situation.  Generally, COSMOTM provides costs estimation for only one generic design of each treatment train.  The design typically used for a particular treatment train in local areas may be substantially different from that assumed in COSMOTM.  Even within a  local area, the system designs used may vary substantially from engineer to engineer.  The design directly determines the materials needed to install the system.  Therefore, the list of materials and quantities specified in any COSMOTM budget worksheet may not be appropriate to your situation. Basic design assumptions and technical specifications are described in a COSMOTM technical bulletin (Hoover and Renkow, 1997).



Costs may vary depending upon how extensively a particular type of system is used in a locality.  System costs are generally lower where a technology is used extensively than where a technology is just being introduced.  This is a result not only of competition, but also of installer and inspector familiarity with the technology.  It also is influenced by whether critical system components are readily available to installers at local supply houses.



Costs may vary substantially throughout the year depending upon market forces.  For instance, the same system may cost more to install during May or June when contractors have plenty of work than in January or February when construction activity has slowed down and contractors are hunting for work to keep their crews busy.  Of course, COSMOTM provides a way to account for these effects since each budget worksheet contains a separate line item for administrative costs and profit margin.  These two pieces of information are input by the user in the LIST worksheet.



Costs associated with monitoring inspections are accounted for in COSMOTM through the O&M frequencies specified on page two of the LIST worksheet and the O&M inspection visit cost specified in the labor cost section of page three of the LIST worksheet.  The default value for a monitoring visit is $200 in the example given.  Yearly monitoring costs are determined by multiplying the inspection frequency by the cost per inspection.  If laboratory analyses is required for certain types of pretreatment units then estimates of the sampling and analyses costs can be included as a part of the  O&M inspection costs input in LIST and the program rerun for those systems that would require effluent sampling.



Finally, please remember that COSMOTM provides order of magnitude cost estimates.  It is not intended to take the place of a public bidding process or other more specific costing methods to determine the true costs for installation and long term operation and maintenance of these on-site technologies.
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Centralized treatment plants



Small scale alternative and on-site systems



Conventional septic systems



Low to very high development density

Rural to urban landscape

Moderate costs

Moderately complex technology

Regular O&M review and adjustment

Assessment of environmental impacts

System technology upgraded to meet emerging community and environmental needs








