
 

 
 
MEMORANDUM         

 
TO:    Lynn Gilleland, US EPA Region 1 
  Paul Susca, NH Department of Environmental Services 
 
FROM: Mark Nelson, Horsley & Witten, Inc.  

 
DATE:  January 26, 2007 (Revised May 17, 2007) 
 
RE:  Benchmark uniform minimum shoreland buffer width for the protection of New 

Hampshire surface drinking water sources 
             
 
 
Horsley & Witten, Inc. (HW) was contracted by the US Environmental Protection Agency (EPA) 
Region 1 to work with the EPA and the New Hampshire Department of Environmental Services 
(NH DES) to evaluate the status of land use and protected lands bordering water supply sources 
and tributaries in New Hampshire, under EPA Work Assignment  4-18.   
 
BACKGROUND 
 
In New Hampshire, the Comprehensive Shoreland Protection Act (CSPA), mandated under Title 
L, Chapter 483-B, currently maintains jurisdiction over a Protected Shoreland Area, which 
extends 250 feet around all public waters, such as coastal waters, great ponds, and major streams 
and rivers, including those that are potable water sources.  Within the Protected Shoreland Area, 
the CSPA requires a Natural Woodland Buffer extending only 150 feet from these waters, and 
requires a primary building setback of just 50 feet.  Figure 1 displays the Natural Woodland 
Buffer within the protected shoreland area.  The CSPA also requires setbacks between septic 
systems and waterbodies of at least 75 feet for rivers, and 75 to 125 feet for ponds and lakes 
depending on soil types and percolation rates.    
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Figure 1.  Protected Shoreland Area and Natural Woodland Buffer  
(From “Working in the Natural Woodland Buffer” presentation, Arlene Allen, Shoreland Protection 
Outreach Coordinator, NH DES Land Resource Management Workshops, 2007) 
 
NH DES has been working on reviewing the current CSPA to identify any areas where the 
effectiveness of the buffer could be improved.  In July of 2005, eleven years after the CSPA 
became effective, Senate Bill 83 “established the Commission to Review the Effectiveness of the 
Comprehensive Shoreland Protection Act (the commission) to study the effectiveness of the 
Comprehensive Shoreland Protection Act and to explore standards that are better suited to local 
and state resource needs and to preservation of the public waters of the state.”  They submitted a 
final report on November 30, 2006, which included several proposed amendments to the current 
CSPA.  One of the proposed changes includes the inclusion of a more highly restrictive 50-foot 
Waterfront Buffer.  Figure 2 displays the existing Natural Woodland Buffer and proposed 
Waterfront Buffer. 
 
 
 
 
 
 
 
 
 
 
 

Waterfront Buffer 
50’ from the Reference 
Line

Figure 2. Protected Shoreland Area, Natural Woodland Buffer, and Waterfront Buffer 
(From “Working in the Natural Woodland Buffer” presentation, Arlene Allen, Shoreland Protection 
Outreach Coordinator, NH DES Land Resource Management Workshops, 2007) 
 
The CSPA (both the current version and the proposed amendments) applies throughout the state 
except on rivers like the Connecticut River, which were designated into the New Hampshire 
Rivers Management and Protection Program (RMPP).  These rivers are under the provisions of 
the Rivers Management and Protection Act (RMPA).  Rivers under the jurisdiction of the RMPA 
are not required to include a shoreland buffer in their management plan, and in order for a 
community to implement a shoreland buffer on one of these rivers similar to that required by the 
CSPA, town planning boards must adopt its provisions into their local zoning ordinance.  New 
Hampshire has not established buffers for drinking water source waters or tributaries and 
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approximately half of New Hampshire’s surface drinking water sources are not covered by the 
CSPA.  
 
PURPOSE 
 
The end result of this Work Assignment is an evaluation of two shoreland vegetated buffer 
alternatives, in terms of their effectiveness in protecting New Hampshire's surface water supply 
sources from New Hampshire’s major non-point source pollutants of concern.  HW worked with 
the NH DES and EPA Region 1 to identify the major non-point source pollutants of concern.  
These pollutants include nutrients (nitrogen and phosphorous), sediment, salt, metals, and 
pathogens (bacteria and viruses).  The two shoreland vegetated buffer alternatives that will be 
evaluated include:   
 

• The buffer required by New Hampshire’s Comprehensive Shoreland Protection Act, 
including the proposed amendments; and  

• An alternative approach to be identified by HW.   
 
It was determined that the first component of the Work Assignment would be to establish a 
“uniform minimum buffer width” that would protect New Hampshire’s surface drinking water 
sources from the identified non-point source pollutants of concern.  HW understands that it is 
challenging to recommend a uniform vegetated buffer width for real-world application to all 
surface drinking water sources throughout the state, and that this task is solely for the purposes 
of creating a benchmark against which the effectiveness of the above scenarios can be evaluated.  
A few of the issues that can make it difficult, if not impossible, to impose a state-wide uniform 
buffer width for the protection of all surface drinking water sources include: 
 

• Verifying whether buffers are left completely intact at all sites;  
• Accounting for site-specific characteristics that may increase or decrease the required 

buffer width, such as slope, soil type, and land use; and 
• Accounting for on-site source controls, such as stormwater or wastewater treatment 

facilities, which can alter the necessary size for a protective buffer. 
 
NH DES requested that the benchmark also be amenable to a geographic analysis (in GIS) for 
the purpose of comparing the current protection with the benchmark.  A single minimum buffer 
width can be mapped using GIS to determine which areas around surface drinking water sources 
currently meet the buffer, and which do not. 
 
The requirements and restrictions for a vegetated shoreland buffer can vary from state to state 
and even locality to locality.  Therefore, the definition of “buffer” can be somewhat convoluted.  
In addition, sometimes “buffer” and “setback” are used interchangeably and other times they can 
have very different meanings.  For the purposes of this task (identifying a benchmark uniform 
minimum buffer width), the definitions for buffer and setback are as follows: 
 
Buffer:  An undisturbed vegetated area, consisting of an even distribution of healthy trees, 
saplings, shrubs, and groundcover, within which no development occurs.  The primary purpose 
of the buffer is to minimize pollutant discharge to surface waters via overland flow. 
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Setback:  The distance between the source of pollutant discharge to groundwater and the closest 
protected surface water body.  The purpose of a setback is to prevent pollution from entering 
surface waters via discharge through groundwater.   
 
Figure 3 further depicts the difference between a buffer and a setback.  Since the purpose of the 
uniform minimum shoreland buffer is to create a benchmark, and it does not allow for the 
accommodation of the various setback requirements normally associated with a buffer, all 
recommended setback distances will be at least equal to the buffer width.   
 

 
Figure 3. Illustration of a buffer area, a distance to groundwater, and a setback to septic 
system 
 
The purpose of this memorandum is to identify the benchmark uniform minimum shoreland 
buffer width capable of attenuating non-point source pollutants of concern to New Hampshire’s 
surface sources, based on HW’s initial review of available literature on the effectiveness of 
setbacks and vegetated buffers in treating the identified pollutants of concern.  In the next phase 
of this Work Assignment and corresponding memorandum, HW will evaluate different real-
world approaches to managing non-point source pollution contributing to surface drinking water 
sources.  These approaches may include variable buffer width methodologies, such as widening 
or shortening a buffer based on the slope of the buffer area, the soils, or the type of vegetated 
cover within the buffer, and stormwater management techniques for development that discharges 
to a buffer area or that may be occurring within the buffer area.  HW will also present setback 
recommendations for activities that may be allowed within a vegetated buffer, and activities that 
may call for a setback beyond the buffer. 
 
 
 
 
IDENTIFYING A BENCHMARK UNIFORM MINIMUM BUFFER WIDTH 
 
Pollutants of concern 
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Based on discussions with NH DES, pollutants of concern to New Hampshire’s surface sources 
of public drinking water include: 
 

• Nitrogen 
• Phosphorous 
• Sediment 
• Salt 
• Metals 
• Pathogens  

 
Once the primary pollutants of concern were identified, HW conducted a research study 
regarding the effectiveness of shoreland buffers and setback distances in removing these 
identified pollutants from overland and underground flows.  HW also researched which 
minimum buffer widths and/or setback distances were recommended to treat each of the specific 
pollutants of concern. 
 
Nutrients (nitrogen and phosphorous) 
 
Nutrients (nitrogen and phosphorous) are among the most significant pollutants to surface water 
systems.  Because nutrients are soluble (dissolvable in water), they can be easily transported in 
water runoff and subsurface flows to water bodies where they have a direct effect on algae and 
plant growth.  Phosphorus can also move in surface water as a particulate, and is often sorbed to 
sediments.  Excessive nutrient inputs to a waterbody can have significant adverse impacts on 
water quality, causing excessive algal growth, greater turbidity and decreased dissolved oxygen 
concentrations.  Phosphorous is typically the primary nutrient of concern in freshwater systems, 
whereas nitrogen is usually more important in saltwater systems (MA DEP, 2003).  Sources of 
nitrogen and phosphorous include fertilizers, detergents, sediment, and septic system effluent 
(ME DEP, 2006).  Effluent from a properly operating septic system typically contains 35 
milligrams per liter (mg/L) of nitrogen (mostly as nitrate) and 15-20 mg/L of phosphorous 
(H&W, Inc. 1998).  The amount of nitrogen in the effluent is about four times the 10 mg/L 
federal drinking water standard and nitrate is a public health concern because of its association 
with the infant disease, methemoglobinemia (EPA, 1994).   
 
Nitrogen removal  
 
Buffers can provide very good control of nitrogen, including nitrate in surface water runoff 
(Wenger, 1999).  According to the literature, there exists a wide variation among recommended 
buffer widths (100-300 feet) for effective nitrogen removal (Attachment A).  This variation is 
most likely due to differences in site-specific characteristics, including local hydrology, soil 
factors, slope and other variables.  Based on research and modeling, Desbonnet, et al. (1994) 
discovered that the removal efficiency of nitrogen in a nine-meter (30-foot) wide buffer was 
about 60%.  Removal efficiency was found to increase with increasing buffer width to about 
80% removal at 60 meters (200 feet) of buffer width (Desbonnet, et. al., 1994; Chase et. al., 
1995).  The increase in removal efficiency with buffer width is probably related to the nitrogen 
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uptake in the vegetation roots since a larger area of vegetation is available, and the larger area in 
which denitrification can occur (Mayer et., al., 2005).  
 
Although removal of nitrogen is relatively efficient through plant uptake in buffers, this is not 
the case of subsurface nitrates.  Septic effluent is one of the main sources of subsurface nitrates, 
which are eventually found in surface waterbodies.  Ammonia is the predominant form of 
nitrogen in septic tank effluent (EPA, 1994).  It is partially volatilized and partially oxidized to 
the nitrate form as it travels through the unsaturated zone between the leaching area and the 
water table (H&W, 1999).  Nitrate does not precipitate or sorb to soil materials.  Once converted 
to nitrate, the nitrogen will therefore not be further attenuated until it reaches groundwater where 
it will mix and potentially be diluted.  A nitrogen plume will form below the septic system and 
travel through the groundwater, as shown in a study of groundwater contamination conducted 
from two small septic systems on sand aquifers in Ontario by Robertson, et al. (1991).   
 
The study closely monitored pollutant concentrations in groundwater at one site (Cambridge) 
where the septic system had been in operation for 10 years prior to the beginning of field 
investigations, and at another (Muskoka) where the full use of a septic system started six months 
prior to investigations.  The Cambridge site showed a long narrow plume, more than 130m in 
length (Figure 4 for nitrogen migration from septic system), and the Muskoka site showed that a 
plume migrated a distance of 20m, within a poorly buffered, carbon-depleted, sand aquifer, and 
began discharging into an adjacent river (Figure 5 for nitrogen migration from septic system to 
Muskoka River).  
 

 
Figure 4. Nitrate geochemistry along the plume centerline at the Cambridge Site, 1987-88, 
taken from Roberston et al. (1991) 
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Figure 5. Nitrate geochemistry along the plume centerline at Muskoka, 500 days after the 
beginning of effluent discharge, Sept. 1988, taken from Roberston et al. (1991) 
 
This study highlights that setbacks alone are not sufficient for effective nitrogen removal and/or 
dilution, and the overall literature review did not reveal any specific recommendation on setback 
distances for the treatment of nitrogen.   
 
Phosphorous removal  
 
The range of recommended buffer widths was found to be roughly 150-300 feet for effective 
phosphorous removal from surface water runoff (Attachment A).  Based on research and 
modeling, Desbonnet, et. al., found that to achieve approximately 80% removal of phosphorous, 
an 85-meter (280-foot) vegetated buffer was required (Desbonnet, et. al., 1994; Chase et. al., 
1995).  However, despite the fact that buffers provide very good control of nitrogen, buffer 
effectiveness for removing phosphorous over the long-term is debatable (Wenger, 1999).  The 
primary mechanism for removing phosphorus from surface runoff is infiltration and deposition 
of particles, particularly fine particles, since phosphorus generally binds to sediments.  However, 
although phosphorous is reported to be typically bound to sediments, it is generally bound to 
smaller sized sediment particles.  These smaller sized particles and particulates are not as 
effectively filtered out by vegetated buffers as course-grained sediments (Desbonnet, et. al., 
1994).  It is possible, in fact, for a buffer to become “saturated” with phosphorous.  When this 
happens, any additional phosphorous inputs will then be exported as soluble phosphate (Wenger, 
1999; NRC, 2000).  In fact, according to a literature review in NRC (2000), buffers can be 
sources of soluble phosphorus and should not be considered as effective in removing soluble 
phosphorus in surface runoff.  Due to their limitations, shoreland buffers should not be viewed as 
a primary tool for reducing phosphorus loading to surface waters.  Alternatively, efforts should 
be made to reduce phosphorus inputs at their sources (Wenger, 1999).  
 
Phosphorous mobility in the subsurface is largely controlled by rate-limited, sorption/ 
desorption, co-precipitation/ dissolution, equilibrium reactions (H&W, 2000, referencing Walter 
et al., 1996).  Phosphorous binds to the subsurface sediments and only moves when the 
adsorption capacity of the sediments is exceeded.  It therefore moves much slower than water or 
compounds like nitrogen that dissolve readily in water as long as the equilibrium reaction favors 
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the adsorption of phosphorous rather than the dissolution of previously bound phosphorous.  A 
major control on septic migration is the thickness of the unsaturated zone above the water table 
in which the phosphorous is able to bind to the sediments.  The thicker the unsaturated zone, the 
greater the ability to remove phosphorous before it enters the groundwater.  The study of 
groundwater contamination conducted from two small septic systems on sand aquifers in Ontario 
by Robertson, et al. (1991) referenced earlier illustrates phosphorous uptake before the pollutant 
reaches the groundwater at the site where the septic system had been operational for over 10 
years (Figure 6), and before the groundwater reaches the river at the site where the septic system 
was more recent (Figure 7). 
 

   
Figure 6. Phosphorous geochemistry along the plume centerline at the Cambridge Site, 
1987-88, taken from Roberston et al. (1991) 
 

 
Figure 7. Phosphorous geochemistry along the plume centerline at Muskoka, 500 days after 
the beginning of effluent discharge, Sept. 1988, taken from Roberston et al. (1991) 
 
In their analysis of non-point source pollution for the Pinehills in Plymouth, Massachusetts, the 
Massachusetts Department of Environmental Protection (MA DEP) required a total travel 
distance of 300 feet between the leaching area and surface waters of Eel River Watershed.  Such 
travel distance is determined based on a combination of vertical thickness of the unsaturated 
zone, and horizontal distance in the saturated zone (H&W, 2000).  The referenced literature 
regarding phosphorous travel in the subsurface shows that a setback and/or travel distance of 300 
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feet would be appropriate for phosphorous removal, as long as the soil has sufficient adsorption 
capacity. 
 
Sediment 
 
Excessive sediment release is one of the greatest threats to a surface water system (Wenger, 
1999).  One of the main issues regarding sediment loading is that pollutants such as heavy metals 
and nutrients adhere to the sediment and can be transported with the sediment (e.g., from 
stormwater runoff to a lake or pond) and released from it at a later point in time (e.g., once the 
sediment has entered the waterbody).  Sediments and the pollutants they carry can further 
degrade water quality and harm aquatic life by interfering with photosynthesis, respiration, 
growth, and reproduction.  In addition, suspended sediments prohibit sunlight from reaching 
aquatic plants, clog fish gills, choke other organisms, and can smother fish spawning and nursery 
areas (EPA, 1995).  Septic systems are unlikely to contribute to sediment pollution, as separation 
of solids and liquids most often takes place in the septic tank before the effluent is leached into 
the ground.  However, sediments are readily carried through surface runoff and can be 
resuspended in water bodies from the channel erosion created by high peak flows entering lakes 
and ponds, or flowing through streams and rivers.  Erosive flows can be created by unmanaged 
runoff from new impervious cover, such as roads, driveways, parking areas, and rooftops. 
 
Sediment removal  
 
Scientific research has shown that vegetative buffers are effective at trapping sediment from 
runoff and at reducing channel erosion (Wenger, 1999).  Studies have yielded a wide range of 
recommended vegetated buffer widths (25-150 ft.) that effectively remove sediment (Attachment 
A).  The Massachusetts Vegetated Buffer Manual offers a standard minimum buffer width of 100 
feet with an increased buffer width of at 150 feet for steep slopes, erosive soils, or concentrated 
development (MA DEP, 2003).  A 100-foot vegetated buffer is capable of capturing almost all of 
the coarse sand, which is relatively large and heavy, and is the first to settle out.  These coarser 
grades of sediment are often generated during the construction phases of development (MA 
DEP, 2003).  Wenger also offers a minimum buffer width of 100 feet with a required extension 
for steeper slopes, and an absolute minimum width of 30 feet (Wenger, 1999).  
 
Studies have also shown that the effectiveness of a buffer in removing sediment is heavily 
impacted by the pattern of flow through the buffer.  In order for the buffer widths described 
above to be most effective, the flow entering the buffer must be sheet flow and must travel 
through the buffer as sheet flow (NRC, 2000; CEI, 1998).  Channelized flow through the buffer 
will not benefit from the sediment trapping effects of the vegetation or the reduction in flow 
velocities created by the vegetated buffer. 
 
Salt 
 
Most often found in the form of sodium chloride (NaCl), road salt is used to deice streets and 
other impervious surfaces.  It prevents many vehicular and pedestrian accidents during the winter 
months but also comes at a cost to the environment.  After NaCl has been applied to roads, 
stormwater runoff, snowmelt, and groundwater will carry this salt to surface waters.  Prolonged 
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retention of NaCl in streambeds or lakebeds decreases dissolved oxygen and can increase 
nutrient concentrations, which in turn promotes eutrophication.  This pollutant is of particular 
concern to New Hampshire’s surface waters as New Hampshire reports one of the highest annual 
road salt loadings in the country (Wegner, 2001).   
 
Salt removal  
 
Vegetated buffers do not provide the most effective means for protecting surface sources of 
drinking water from excessive NaCl inputs.  Road salt runoff can actually damage an adjacent 
vegetated buffer, since elevated sodium and chloride levels in soils create osmotic imbalances in 
plants, inhibit water absorption and reduce root growth.  Salt also disrupts the uptake of plant 
nutrients and inhibits long-term growth (Wegner, 2001).  An alternative method for protecting 
surface sources of drinking water from NaCl, is through the use of alternate road salts, such as 
calcium magnesium acetate (CMA) and/or potassium acetate (KA) (Wegner, 2001). The most 
effective approach to reducing salt sources is to eliminate the use of road salt in certain areas. 
   
Metals 
 
Although all heavy metals exist in surface waters in colloidal, particulate, and dissolved phases, 
their concentrations in the natural environment are generally low (Kennish, 1992).  Metals 
released into the environment in higher than natural concentrations can be highly toxic and cause 
major disruptions of aquatic ecosystems.  Metals pose a particular threat to aquatic environments 
because they do not degrade and tend to accumulate in the bottom sediments.  Metals may also 
accumulate in plant and animal tissues (Klapproth, 2000).   
 
Removal of metals  
 
Research indicates that vegetated buffers have the capacity to remove heavy metals, but the 
width necessary is unclear (Wenger, 1999).  Metal retention depends on cation exchange 
capacity (CEC) of the soil, however, and it is possible for buffer CEC to become saturated, just 
as it can under high phosphorus loads (Wenger, 1999). 
 
Pathogens 
   
Pathogens including bacteria, viruses and protozoa can be extremely harmful in surface waters, 
especially surface sources of drinking water.  Primary sources of pathogens include septic 
effluent, industrial waste, and urban and rural runoff.  Once these pathogens become water-
borne, they contaminate groundwater and surface water supplies, and therefore also affect 
drinking water supplies (Harris, et. al., 1997).  Pathogen fate is mainly controlled by survival and 
migration once the pathogens have been introduced in the subsurface (Yates, 1988).  Both 
survival and migration factors depend on the specific pathogen type (e.g., size and chemical 
composition), the soil characteristics (e.g., pH, moisture and organic matter), and the climate of 
the area (e.g., temperature and rainfall).  Given the right conditions, viral transport can be 
extremely rapid in groundwater (MPCA, 1999). Drinking water from surface water bodies in 
New Hampshire is treated (chlorine) prior to distribution and consumption, so many pathogens, 
particularly bacteria, will be inactivated.  Viruses may still pose a threat as they are reported to 
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be more resistant to disinfection, more stable in similar conditions, and removed less easily by 
treatment processes (Harris, et. al., 1997).   
 
Removal of pathogens  
 
Although the width necessary to remove pathogens from surface water runoff is unclear from the 
existing research, buffers have been shown to decrease pathogenic activity in streams (CBLAD, 
2003).  However, according to NRC (2000), literature shows that “bacteria in overland flow can 
move through buffer zones without significant reduction,” partly because bacteria are generally 
smaller than sediments and require very slow settling for removal.  Therefore, improving the 
removal of bacteria should focus on increasing the residence time of water in the buffer zone, 
slowing the flow of the water (NRC, 2000).  In addition, since the survivability of pathogens is 
correlated to high nutrient, sediment and temperature levels, buffer widths that remove these 
contaminants should also decrease pathogenic survivability (CBLAD, 2003).  
 
Control of bacterial transport in groundwater to surface water bodies is of particular concern.  
Waterborne disease outbreaks have been related to bacterial transport from septic effluent to 
drinking water supplies.  Yates documents such outbreaks found in literature (Yates et al., 1988), 
including a typhoid outbreak affecting 5 people drinking from a well located 210 feet from a 
septic tank.  While pumping at the well is likely to have affected groundwater flows and 
accelerated bacterial transport, this bacteria-related outbreak shows that live bacteria can travel 
long distances from septic systems, and that survival and migration are two major factors 
controlling pathogen fate in the subsurface (Yates et al., 1988).   
 
Bacteria survival is influenced by many factors (Yates et al., 1988), including temperature (the 
lower the temperature, the higher the survival rates), soil microbial activity (research findings 
suggest that bacteria from septic effluent competes for nutrients with indigenous soil bacteria), 
pH, the presence of organic matter (potential nutrient source), and bacteria type.  The referenced 
literature indicates that either a three-foot layer of unsaturated soil or a 30-50 foot setback should 
be sufficient to remove bacteria in groundwater to non-harmful levels, but documented outbreaks 
and reported bacteria travel distances infer the validity of such setback or unsaturated soil 
thickness. 
 
Waterborne disease outbreaks have also been related to viral transport from septic effluent to 
drinking water supplies.  Similar to bacteria, virus fate in the subsurface environment is 
controlled by survival and migration (Yates et al., 1988).  The single most important factor 
influencing virus inactivation rates (i.e., survival rates) is temperature (Yates et al., 1988).  
Groundwater temperatures vary regionally across the United States, but minimal seasonal 
variation is observed.  According to a distribution of temperatures across the US adapted from 
Todd (1980), groundwater in New Hampshire is between 5 and 10°C, corresponding to 
inactivation rates of 200 days or greater (EPA, 1994).  
 
Smaller than bacteria, viruses range in size from 20 to 200 nm (Yates et al., 1988) and individual 
viruses are unlikely to be captured by filtration through most soils.  However, when adsorbed, 
adsorption of viruses by soil particles has been shown to slow the transport of viruses in the 
subsurface.  Nevertheless, adsorption does not necessarily correspond to permanent 
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immobilization and removal of viruses (Yates et al., 1988).  A change in ionic strength (e.g., salt 
concentration or pH) of the soil, possibly induced by rainfall, may cause virus de-sorption and 
allow further migration of the pathogens (Yates et al., 1988, referencing Gerba, 1983).   
 
Viruses have been reported to travel large horizontal distances from their point of introduction: 
as far as 1,600 m or about 5,000 feet in a Karst medium (Yates et al., 1988, referencing Fletcher 
et al., 1974).  Based on a research review of horizontal and vertical virus migration distances 
across different types of subsurface soils, virus migration appears to be greater in coarse-textured 
and karstic terrain than in fine-textured soils (Yates et al., 1988).  This is consistent with the 
finding that adsorption is the main virus removal mechanism: the finer the material, the greater 
the interaction between soil and virus, and the greater the chances of adsorption of the virus to 
the soil.   
 
The literature reviewed for virus removal suggests that a fixed setback is unlikely to provide 
identical virus protection for all surface water bodies.  The most restrictive factor for virus 
protection appears to be travel time between the septic effluent and the water body of interest.  A 
travel time of 200 days is recommended (Yates, 1987), but the corresponding setback is to be 
calculated based on soil properties and local groundwater flows including local recharge and 
pumping conditions.  
 
CONCLUSION 
 
The purpose of this research study was to determine a benchmark uniform minimum vegetated 
buffer width that would provide adequate protection to New Hampshire’s surface drinking water 
supplies, with respect to the six identified non-point source pollutants of concern (phosphorous, 
nitrogen, sediment, salt, metals, and pathogens).  Consequently, this study focused only on the 
option of a fixed-width buffer.  As anticipated, developing a single minimum buffer width 
proved to be difficult, given that an effective vegetated buffer width is dependent on a variety of 
site-specific factors, such as land use of the area draining to the buffer, and soil type, slope, and 
vegetative mix within the buffer.  For these reasons, a conservative approach was used in 
suggesting a comprehensive uniform buffer width.  A second study will be conducted that will 
focus more explicitly on the identified non-point source pollutants of concern and will evaluate 
different alternative buffer approaches to managing the pollutants contributing to New 
Hampshire’s surface drinking water sources.  Best approaches may include variable buffer 
methodologies, such as widening or shortening a buffer based on the slope of the buffer area, the 
soils, or the type of vegetated cover within the buffer, and incorporating stormwater management 
techniques for development that discharges to a buffer area or that may be occurring within the 
buffer area.  HW will also present setback recommendations for activities that may be allowed 
within a vegetated buffer, and activities that may call for a setback beyond the buffer. 
 
From the literary research review, vegetated buffers appear to provide at least some protection 
for all of the pollutants of concern, except salt (NaCl), which is highly soluble and very mobile.  
In order to address contamination by salt, a source reduction strategy is required in conjunction 
with the buffer approach. Research has indicated that when designed or maintained correctly, 
vegetated buffers are excellent mechanisms for removing nitrogen and sediment.  Recommended 
vegetated buffer widths to treat these pollutants vary between 25 and 300 feet, and result in 
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varying degrees of pollutant removal.  As discussed in the literature review above, vegetative 
buffer effectiveness in removing phosphorous over the long-term is debatable, and buffers 
should not be viewed as a primary tool for reducing phosphorus loading to surface waters.  
However, buffers can provide short-term control of sediment-bound phosphorus, and vegetated 
buffers wide enough to provide sediment control should provide short-term control of sediment-
bound phosphorous (Wenger, 1999).  With respect to metals and pathogenic viruses, research 
has shown that vegetated buffers are capable of removing these pollutants, although it is unclear 
as to how wide the buffer must be in order to be effective.  Providing an adequate buffer width to 
prohibit nutrients and sediment from entering the surface water, however, would help control 
pathogenic activity, since pathogenic survivability increases with high nutrient levels and 
suspended solids (CBLAD, 2003).  
 
Research findings suggest that nitrogen and sediment are the two limiting pollutants in 
determining an adequate vegetated buffer width to treat surface runoff.  Desbonnet, et. al. 
recommends an 80-foot buffer to treat 80% sediment, and a 200-foot buffer to treat nitrogen 
(Desbonnet, et. al., 1994; Chase et. al., 1995).  More recent research conducted by Wenger 
proposes a 100-foot base width buffer plus two feet per 1% of slope.  In order to take into 
account slopes up to 15%, therefore a 130-foot buffer would be required.  The Massachusetts 
Vegetated Buffer Manual recommends a standard minimum vegetated buffer width of 100 feet to 
treat these pollutants.  An increased buffer width of 100-150 feet is recommended for areas of 
intense development, where slopes are steep, and/or where soils are highly corrosive.  
Massachusetts recommends, on the other hand, that areas of low-density residential 
development, with limited impervious area, may only require 35-50 feet of buffer (MA DEP, 
2003).   
 
Provided the soil has sufficient adsorption capacity, phosphorous removal mechanisms would 
suggest a 300-foot setback would be sufficient to protect water quality from groundwater inputs 
of phosphorous.  Nitrogen removal is almost inexistent in the subsurface and dilution with less 
polluted groundwater is the main mechanism to control nitrogen concentration.  Bacteria and 
viruses are the most limiting pollutants, as they require soil-specific information to determine an 
appropriate setback distance.    
 
In addition, a research review presented in the Pennichuck Water Works Watershed Management 
Plan (CEI, 1998) shows that the range of buffers and setbacks being applied in communities in 
Massachusetts and New Hampshire and beyond range greatly from 50 to 500 feet.  This variation 
is a result of the variation in goals of the regulations, the uncertainty in the literature about the 
effectiveness of buffers of different widths, and the sensitivity of the resource being protected.   
 
Based on the recommendations provided in these sources and others, HW recommends a 
minimum uniform vegetated buffer width of 300 feet as a benchmark against which other 
alternative buffers can be measured.  This buffer width is a conservative approach, in that it will 
have a significant pollutant removal effect on a majority of the pollutants of concern.  However, 
based on the literature review, it is clear that no single buffer width will be fully protective of 
surface drinking waters by removing all major pollutants of concern.  In other words, as was 
concluded by the National Research Council in its evaluation of the New York City Drinking 
Water Supply protection strategy (NRC, 2000), a one-size- fits-all approach to buffers and 
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setbacks is not likely to work.  Effective protection of surface waters requires an integrated 
approach that may include site-specific development standards for stormwater runoff, 
wastewater disposal and source reduction.  One must recognize that buffer characteristics such as 
slope, soils and vegetative cover type and density will have a significant impact on the pollutant 
removal capacity of the buffer, and this capacity will vary for each pollutant.  Ultimately, some 
sites may be protected by a 100 foot buffer, while other areas may require something much 
wider.    
 
The next step will be to evaluate two alternative approaches to this minimum buffer width 
approach.  One approach that will be evaluated will be the approach recommended by the CSPA 
Commission’s recommendations.  A second alternative will be developed by HW and analyzed 
in comparison. 
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