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Executive Summary 
Water suppliers like Pennichuck 
Water Works Corporation are 
regulated under the Safe Drinking 
Water Act and Amendments o f  1996. 
Future regulations under this act are 
expected to call for increased 
treatment for water systems on poor 
source waters, conversely, systems on 
high quality, protected source waters 
are believed to have a high level of  
public health protection. In addition 
to more future regulatory constraints, 
systems with poor source water 
quality also tend to have problems 
from off-taste and odors caused by 
the poor source water quality. To 
address these issues, Pennichuck 
Water Works Corporation created this 
Watershed Management Plan. 

The plan is built on an approach that 
divides the watershed into 
manageable units called 
subwatersheds. The foundation of the 
plan is an analysis of watershed 
hydrology and pollutant loading by 
subwatershed. This allowed a critical 
comparison of  how much each 
subwatershed produces in quantity o f  
water and in quantity of pollutants. 
This comparison then allowed 
recommendations to focus on either 
prevention or remediation depending 
on whether the subwatershed is one 
which currently produces large 
quantities of clean water, or whether 
it is more highly developed and 
currently produces poor quality input 
to the system. 

While most people in the 
communities in the watershed 
(Nashua, Hollis, Milford, Amherst, 
and Merrimack) are aware of the 
impact that the tremendous growth in 
Southern New Hampshire has had on 
traffic, fewer are aware of the impact 
that it has had on water resources. 
Both surface water and groundwater 

have been impacted by this growth. 
As houses, stores, industries and 
parking lots replace forest and 
farmland, more and more impervious 
area is created. This impervious area 
prevents natural recharge to 
groundwater from occurring, instead 
forcing it to run overland to the 
nearest stream channel in the form of  
stormwater. 

As Southern New Hampshire 
develops, industries, retail businesses, 
and subdivisions create more 
impervious area and typically pipe the 
increased surface water runoff offsite, 
usually to the nearest stream or 
channel. Over time, this has greatly 
increased the intensity and force of 
stormwater flows while decreasing 
groundwater recharge. The decrease 
in groundwater recharge is 
particularly problematic since it 
ultimately reduces "baseflow". 

Baseflow is the groundwater 
discharge into streams that occurs 
during dry weather and droughts. 
Thus, the same amount of 
precipitation falling on the watershed 
now leaves the watershed at a high 
rate in stormwater flow instead of 
recharging groundwater for a slow 
release. This ultimately damages 
both surface water and groundwater 
resources. Ultimately the most 
significant impacts on water resources 
include 

I) reduced groundwater recharge 
that ultimately may result in 
long-term declining 
groundwater levels and impacts 
on private wells and public 
wells; and 

2) increased stormwater flows 
loaded with pollutants that 
impact streams and ponds in 
the watershed that may 
eventually pose a public health 

While most people 
in the communities 
in the watershed 
are a ware of the 
impact that the 
tremendous 
growth in Southern 
New Hampshire 
has had on traffic, 
fewer are a ware of 
the impact that it 
has had on water 
resources. 
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Executive Summary 

A call to action is 
needed in a4 of 
the watershed 
towns to reduce 
the impact of 
existing 
development and 
to prevent future 
negative impacts. 

threat and that now impact 
aquatic habitat, recreation and 
the aesthetic resources of the 
watershed. 

The effects on groundwater are 
largely one of  loss of recharge, 
although there are also impacts from 
industrial sites that directly pollute 
groundwater through illegal discharge 
or dumping. Surface water resources 
are more indirectly but nonetheless 
strongly impacted. Stormwater 
pollutants include petroleum 
hydrocarbons (oil and grease), toxic 
heavy metals, bacteria, viruses and 
other microbiological organisms, and 
nutrients (phosphorus and nitrogen). 
From the standpoint of water supply, 
the most serious of  these pollutants 
are the microbiologicals, which pose 
a direct health threat, and nutrients. 

Nutrients provide an indirect impact 
on water resources, particularly 
phosphorus, by encouraging aquatic 
plant growth. Although this may 
seem beneficial at first blush, an 
overabundance of aquatic vegetation 
and algae results in bloom and die-off 
conditions that can quickly clog 
waterways in an unsightly, odorous 
problem. This phenomenon is called 
"eutrophication" and it is happening 
already in the chain pond system used 
by Pennichuck Water Works. 

The threats described above affect 
everyone in the watershed, whether or 
not Pennichuck supplies their water. 
A call to action is needed in all of the 
watershed towns to reduce the impact 
of  existing development and to 
prevent future negative impacts. The 
recommendations of the report focus 
on the things that can be done by 
Pennichuck Water Works or by 
communities in the watershed. There 
is a common goal o f  increasing 

groundwater recharge and protection 
of streams and ponds in the 
watershed. Some of the 
recommendations in the plan include: 

The use of  buffer zones and 
buffer strips wherever possible by 
community Planning Boards and 
Conservation Commissions; 

The reduction in impervious 
cover in new andfor modified 
developments, with increased 
groundwater recharge wherever 
possible; 

The use of setbacks for streams 
from livestock feeding and other 
activities potentially detrimental 
to water quality; and 

The recommendation that 
developers in each of the towns 
be required to provide control o f  
post-development runoff so that it 
does not exceed pre-development 
conditions. 

Many of the recommendations focus 
on either prevention of  impacts 
through methods such as buffer strips 
and protected lands or remediation of 
existing pollution problems through 
the use of Best Management Practices 
such as infiltration basins and other 
water quality improvement controls. 

The recommendations are 
summarized in the following table. 
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I To11 10 Problems I Recommended Actions I 

I The ponds and tributary streams and 
wetlands have little protection from 
storm water impacts. Future 
development is likcly to further increase 
the amount of poor quality storm water 
flows. 

of '400-foot buffer around the chain ponds unless all runoff can be infiltrated or otherwise 
treated. Use a general guideline of 200-feet around tributaries to the ponds. In some cases, 
such as steep slopes, a greater buffer may be needed, while in other flat areas and with 
significant protective measures, a lesser buffer width may be suitable. Buffers should be 
recorded on official maps and protected through perpetual conservation easements or 
restrictions as well as signage. They also need to be protected from channeled flow. 

4. Transportation Impacts. 
Transportation facilities in the watershed 
are widespread and have major impacts 
on water quality. 

Pond Eutrophication 
The Pennicliuck ponds are filling in 
rapidly. ?'his will furthcr exacerbate 
water quality and quantity problems. 

. . -- 
5. Agricultural Impacts. 
Livestock usina tributam streams for 

Deermine sediment depths in each of the ponds and dredge as needed to provide 
sedimentation capacity. This capacity will help protect thc water supply and other downstream 
resources from development impacts. 

- 
wateririp; mav result in the introduction - - 
of undesirable contaminants. 

6 Hot Spots of  Pollution Sources. 
Multiple "hot spots" in the watershed 
pose chemical risks to the water supply 
and may threaten biological activity that 
normally cleanses water quality. 

Work with Public Works Departments and the state Department of Transportation to avoid 
direct piping of runoff to streams and instead use infiltration technologies such as grassed 
swales and leaching catch basins. Work with watershed Fire Departments to address spill 
issues. Develop a monitored demonstration roadway for comparison to an old style roadway. 

Provide education materials for agricultural landowners. 
Request buffer strips or zones from livestock concentrations. 
Purchase conservation easements where needed to protect from direct stream channel 
encroachmsnt by livestock. 

Use infiltration controls at specific locations within the watershed where problems have been 
identified. Follow up on status of all hazardous waste sites in the watershed and request action 
timetables. Provide special educational materials to service stations, car dealerships and 
automotive or other rcpair shops because of their potential to create major water quality 
impacts. 

8. Public Education Needed. 
Thcre is a general lack of understanding 
of watershed protection principles 
among the watershed busincsses and 
residents. 

Develop an educational questionnaire to gauge the level of understanding within the 
watershed communities both before and after the education program. 
Develop a school age public education program for watershed schools. 

9. Regulatory Authority Lacking 
Pennichuck Water Works Corporation 
lacks up to date regulatory authority 
within the water supply. 
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- 
Modify watershed regulations or dcvelop cooperative agreements with watershed towns. 

I 

- 
10. Con~prehensive Database Needed. 
The available database is lacking. 

Measure steam channels and imperviousness annually. 
Conduct periodic sediment depth sampling of ponds. 
Conduct storm water monitoring of demonstration projects. 
Conduct a one-year intensive monitoring program for dry and wet weather water quality 





1.0 Introduction 
For this study, the Pennichuck 
watershed was delineated using 
topographic data and local s tom drain 
maps to define the area draining into 
the water supply. This watershed was 
then broken down into 10 smaller 
watersheds (subwatersheds) so areas 
of the watershed could be compared to 
one another to identify areas needing 
more attention. Section 2.0 explains 
these characteristics in more detail. 

1.2 Water Quality 
Thc water quality of the ponds was 
assessed to determine compliance with 
State and Federal dnnking water 

regulations that are 
designed to protect the 

Calculated pollutant loads public health. Since there 

greatest threat to wafer baseline sampling program 

quality. was developed to obtain 
additional dormation. 

Parameters tested include pH, 
conductivity, temperature, dissolved 
oxygen, turbidity, flow, fecal 
coliform, ammonia nitrogen, nitrate 
nitrogen, Total Kjeldahl ~ t rogen ,  and 
total phosphorus. Discussion of these 
parameters and results of the sampling 
are included in Section 3.0. 

1.3 Hydrologic and 
Phosphorus 
Budgets 

As discussed above, hydrology plays 
an important role in determining the 
water quality of a water system. In this 
study, precipitation data and data from 
the United States Geological Survey 
(USGS) were reviewed to define 
typical runoff flows for the average 
year in the Nashua area. This 

information was used to determine the 
total amount of water entering the 
water supply from each of the 10 
subwatersheds. Subwatersheds were 
then prioritized by the percent of their 
runoff con~but ion  to the watcr supply 
to determine which areas contributed 
the largest quantities of water. This is 
discussed in more detail in Section 
4.0. 

Phosphorus is also important to the 
water quality of the system. High 
levels of this nutrient can lead to 
excess algae and plant growth, wh~ch 
in turn can affect the systems' 
compliance with drinking water 
regulations and can also cause taste 
and odor problems. To address this, a 
theoretical model of nutrient 
@hosphorus) loading was also 
developed for Pennichuck watershed 
to determine which areas of the 
watershed were contributing the 
highest levels of phosphorus. 
E u m m o d  FVarershed and Lake 
Modeling Sofiware (Reckhow, 1990) 
was used for this analysis. This model 
uses the hydrologic budgef land use, 
and soils data to estimate theoretical 
loadings to the water supply. These 
theoretical pollutant loads were used 
to determine subwatersheds that are 
the greatest threat to water quality. 
More detail on both these analyses is 
included in Section 4.0. 

1.4 Identification of 
Pollution Sources 

To identlfy pollution sources, a 
database search was conducted and 
New Hampshire Department of 
Environmental Services (NUDES) 
files on sites and spills were reviewed. 
A field review was also conducted. 
Pollution sources were then mapped to 
evaluate their threat to the water 
supply. Potential pollution sources 
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1 .O Introduction 
included landfills, junk yard^, 
underground storage tanks, hazardous 
waste generators, Superfund sites, 
releases of hazardous waste materials, 
oiVgas spill sites, and discharge 
permits. More detail on the pollution 
sources found and their impacts to 
Pennichuck watershed is included in 
Section 5.0. 

1.5 Protective 
Measures 

The New Hampshire Department of 
Environmental Services and local 
towns have regulations dealing with 
the protection of water supplies. Most 
towns also have overlay protection 
zones and new development bylaws 
that may assist water quality 
protection. These were reviewed to 
id en ti^ the existing level of 
protection and to avoid duplication of 
efforts. 

Land ownership by Pennichuck Water 
Works and each of the Town's 
Conservation Commissions were 
mapped since they may also offer a 
sig&cant level of protection by 
remaining undeveloped. Section 6.0 
discusses in detail the regulations, 
protective practices, and protected 
lands in each of the towns. 

1.6 Buffer Zones 
Buffer zones were evaluated as a RMP 
for all areas of the Pennichuck Water 
Works water supply watershed. A 
detailed evaluation of buffer zones is 
included in Section 7.0. 

1.7 Buildout Analysis 

zoning map. The buildout scenarios 
were modeled to determine the 
phosphorus impacts to the ponds 
should h l l  development occur. This 
provides a "worst case" phosphorus 
loading to the ponds. The buildout 
analysis can be found in Section 8.0. 

1.8 Recommendations 
Based on the data collection and 
analysis efforts in this study, 
recommendations were developed to 
provide Pennichuck with information 
on additional needed protection in the 
watershed. 

2. Review and evaluate watershed 
characteristics. 

3. Compare water quality to 
standards. 

4. Identi& water quality goals by 
developing hydrologic and nutrient 
budgets. 

5. Identifj. pollution sources. 
6. Evaluate existing protective 

measures. 
7. Estimate impacts of future 

development. 
8. Develop recommendations for meeting 

the objectives. 

A buildout scenario mimics the 
conditions that would exist if the 
towns developed to their highest 
potential in accordance with the 
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2.0 Watershed Characteristics Section Contents 

The watershed land that surrounds and 
contributes water to the chain ponds 
that make up Pennichuck's water 
system lies in five towns including 
Nashua, Memmack, Amherst, 
Milford, and Hollis. This watershed 
supplies the chain ponds with water 
through surface flow (runoff) and 
baseflow (groundwater). Figure 2- 1 
depicts a watershed simplified in 
graphic form. 

Physical characteristics such as 
hydrology (how much water is 
contributed through rainfall and 
runoff), soil types and land uses in 
these town's play an important role in 
the water quality of the ponds. As the 
towns within the watershed develop, 
the amount of surface flow is expected 
to increase carrying with it the 
pollutants contained on these surfaces. 
Simultaneously, clean groundwater 
"baseflow" into the system of ponds 
and streams is likely to decrease as 
more and more areas are paved. Thus, 
both current and future land uses in 
each community have a significant 
effect on both the amount of surface 
flow and the amount of pollution 
reaching the ponds. 

2.1 Water Supply 
The primary Pennichuck Water Works 
water supply consists of about 35 1 
acres of water in a series of chain 
ponds that include Supply Pond, 
IIarris Pond, Bowers Pond, and Holts 
Pond. Stump Pond, Pennichuck Pond, 
and many smaller ponds also 
contribute water to Pennichuck's 
supply. The total pond acreage is just 
under 2% of the total watershed area. 
The sequence and sizes of these chain 
ponds is shown as Figure 2-2. 

2.1 Water Supply ------------- 2-1 
The supply is based on a series of 2.2 Base FlowiSurface Flow 2-2 
natural ponds increased by the 2.3 climate ...-.-----..---.---.- 2.4 

damming of Supply Pond at the 2.4 Land uses --.---.---..--.-- 2.4 

Water Treatment Plant. Water is 2.5 Geology and Soils ------- 2-4 
taken from Harris Pond 12 months of 2.6 and 

Chalacteristics --..--..---.--.-- 2.5 
the year and supplemented with 
water from ~ u ~ @ l ~  Pond 6 months of 
the year. Water from the Menimack 
River is taken into Bowers Pond, 
however, this study did not include the 
Memmack River. 

J 

Figure 2-1. Simplified Watershed (adapted from A 
Watershed Approach to Urban Runoff: Handbook for 
Decisionmakers ) 

Table 2- 1 summarizes pond 
characteristics for each of the chain 
ponds and for Pennichuck and Stump 
Ponds, including drainage area, water 
surface area and capacity (where 
known). Smaller ponds such as 
Dunklee Pond and Round Pond that 
are included in the total surface water 
figures above are not included here. 
There is no information on the storage 
capacity of Stump, Pe~michuck, Holts 
and Supply Ponds. 

For the purpose of tlus project, the 
total watershed tributary to Hams 
Pond and Supply Pond just upstream 
of the water treatment plant was 
subdivided into ten natural 
subwatersheds. 
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2.0 Watershed Characteristics 

Shunp Pond 
Penruchuck Pond 
Holts Pond 
Bowers Pond 

Subwatershed Name 

(acres) 
PBS - Pennichuck B m k  to Supply Pond 

PBB - Pennichuck Brook to Bowers Pond 2390 

Hanis Pond 
Supply Pond 

Area 
(acres) 

1,516 
4,295 

14,171 
15,955 

17,199 
17.5Y8 

PBH - Pennichuck Brook to Halt's Pond 

PBP- Penruchuck Brook to Penn~chuck Pond 

I t 

WBN - Witches Brook North 1425 1 0 

Surface 
Area (acres) 

21 
57 
23 
92 

WBE - Witches B m k  East 

WBS - W~tches Bmok South 

I t 

SPB - Stump Pond Brook 1 1516 1 2 1 

Storage 
(MG*) 

URknown 
Unknown 
Unknown 
180 at full 

78 at spillover 
16 

1508 

1978 

pond 
340 at spillover 

Unknown 

0 

89 

1365 

3193 

0 

0 

BFB - Boire Field Bmok 

MB I - Muddy Brook 

I I 
Figure 2-3. Aerial View of Typical Watershed Boundaries 
(adapted from Watershed Protection Techniques, V1, N4, 1995.) 

I I 

A simplified graphlc depiction of 
subwatersheds is shown in Figure 2-3. 
The purpose of dividing a watershed 
into subwatersheds is to compare 
characteristics such as drainage area, 
topography and water surface area of 
different portions of the watershed to 
allow later prioritization of 
recommendations. For example, 
various areas of the watershed can be 
compared for hydrologic (total water 
inputs) and certain pollutant inputs to 
determine which areas warrant the 
greatest levels of protection from 
hture threats and which oncs need 
correction of existing threats or 
insults. 

1006 

23 17 

Total Acreage 

The subwatershed delineations include 
four  subdivision^ of Pennichuck 
Brook, three subdivisions of Witches 
Brook, and separate subwatersheds for 
Stump Pond Brook, Boire Field Brook 
and Muddy Brook. Basic 
characteristics for each subwatershed 
are shown on Table 2-2. Figure 2-4 
illustrates a basemap of the watershed 
including the breakdown of the 
subwatersheds. 0 

7 

17,984 351 2.2 Base Flow / 
Surface Flow 

As watersheds become more 
developed, stormwater flows increase 
in intensity. This is because with 
development, impervious areas such 
as pavement, roofs, and streets slowly 
replace pervious agricultural lands and 
forests. Rainfall in impervious areas 
no longer penetrates and recharges 
groundwater, but instead NnS 
overland into the nearest water course. 

A 10- 15% impervious cover can lead 
to noticeable changes in channel 
morphology. It also may affect 
biological populations in the streams, 
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2.0 Watershed Characteristics 
vegetative succession and water 
chemistry. (Booth and Reinelt, 1993). 
The volume of runoff is increased for 
all storms, and the frequency of 
occurrence of mid-bank full flow 
events also increases. 11is is 
significant in terms of the stream's 
capacity to transport sediment, 
increasing sediment transport. (Booth 
and Reinelt, 1993). 

As more severe and more frequent 
floods occur, stream channels respond 
by increasing their cross-sectional area 
to accommodate higher flows. Stream 
banks may either widen or the stream 
bed may be down cut or both. This 
results in stream bank erosion and 
habitat degradation, as well as 
increased sediment transport to water 
bodies. (Schueler, 1994). 

Imperviousness can easily be 
measured at all scales of development, 
according to Schueler (1994) as the 
percentage of area that is not "green". 

Stream temperatures are also 
increased, and this is likely to affect 
the biological productivity of the 
stream, and may increase algae 
blooms and other eutrophication 
symptoms. Eutrophication is the 
process by which lakes and streams, 
because of pollutant inputs, are 
transformed !ion1 babbling brooks into 
odorous ponds of muck This 
transformation goes hand-in-hand with 
the increase in storm flow and 
eventual decrease in groundwater base 
flows. 

Groundwater base flow is the portion 
of the stream flow that is discharged 
from groundwater when groundwater 
levels are at a higher elevation than 
the base of the stream. Figure 2-5 
shows a simplified diagram of 

groundwater base flow inputs to 
strcams. These groundwater base flow 
inputs or discharges to streams are 
typically the component that allows 
streams to become perennial or year 
round streams as opposed to 
intennittent stormwater based streams 
that dry up without rain. Because of 
the cleansing effect of native soils, 
base flow inputs are typically very 
high quality, and even 
in contaminated areas, tend to be of 
higher quality than stormwater inputs. 

Ponds and lakes with large base flow 
inputs, which typically also have small 
watersheds and thus small amounts of 
stormwater inflow, are typically much 
cleaner than ponds and lakes with 
large watersheds and low base flow 
inputs. 

J 
Figure 2-5. Simplified Groundwater Baseflow Diagram (adapted 
from A Watershed Approach io Urban Runof) Handbook for 
Decisionmakers ). 

This highlights the importance of 
groundwater inflow into the 
Pennichuck Pond system of ponds and 
strcams. However because of the 
increasing imperviousness of the 
watershed due to development, this 
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2.0 Watershed Characteristics 
base flow appears to be decreasing. 
Studies in New York where sanitary 
sewers remove waste products from 
watersheds and transport them to 
ocean outfalls and where storm sewers 
transport water quickly to the nearest 
waterway, have shown significant 
reductions in base flow in streams. In 
Long Island, water supply to streams 
is 95% from groundwater in rural 
areas, 84% from groundwater in semi- 
urban areas (impervious cover, no 
sewers), and only 20% l?om 
groundwater in urbanized areas where 
there is impervious cover plus 

. open 

Hollis 40% 

space Agriculture 
and Business, 

Milford 

Amherst 

Merrimack 

I I I Recreational 1 
Nashua I 8 1.000 1 Residential. 1 Residenrial. 1 22% 

I I commerciaj I commerciai. I I 

Population 
12,000 

10,000 

25,000 

stormwater and sanitary sewers. (Dry 
Weather Flow in Urban Streams, 
Center for Watershed Protection, 
Volume 2, Number 1, Fall of 1995). 
The Pennichuck capacity to supply 
water from the Pemichuck Pond 
system has decreased as development 
has increased. Although there are no 

Open 
space, 
residential 
Residential, 
industrial 

Residential, 
indusmal, 
commercial 

. industrial, 
open space 

stream gauges available to chart the 
decline, base flow has decreased over 

industrial 

time while stormwater impacts have 
heightened 

Residential 

Residential, 
commercial 
industrial 
Residential, 
industrial, 
commercial 

2.3 Climate 

Watershed 
8 % 

I I %  

19% 

The climate of the area is typically 
that of a North Temperate Zone with a 
mean annual temperature of about 
46.4"F. The climate is humid and 
characterized by fairly uniform 
monthly precipitation, cold winters, 
and warm summers. The average 
annual precipitation for this region is 
about 43.07 inches. The growing 
season averages about 160- 180 days 
and generally lasts fiom May to 
October. (Soil Survey of Hillsborough 
County, NH; 198 1) 

2.4 Land Uses 
Five towns make up this watershed; 
Milford, Amherst, Menimack, Hollis 
and Nashua. Each town has its own 
makeup of land uses determined by 
zoning laws. The general 
characteristics of each town are 
summarized in Table 2-3. A land use 
map is included as Figure 2-6. 

2.5 Geology & Soils 
The soils and geology of the area play 
an important role in the determination 
of phosphorus loadings in the water 
supply. Phosphorus is one of the 
pollutants of concern because it can 
cause eutrophication of the ponds 
leading to algal blooms and &te and 
odor problems. Eutrophication also 
results in the filling in of ponds, which 
can reduce the detention the ponds 
normally provide. A more detailed 
discussion of the effects of phosphorus 
and its relationship to area soils can be 
found in Section 4.0. 
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2.0 Watershed Characteristics 
Steep slopes, erosive soils and poorly 
draiied soils also result in greater 
pollutant loads to the reservoir. 
Erosion allows sediment and attached 
pollutants to travel more quickly and 
easily to surface waters by providing 
channels for overland flow. Steep 
slopes increase the velocity of flow 
and do not allow significant h e  for 
infiltration. Poorly drained soils, such 
as clay, also keep runoff from 
infiltrating into the ground. 

The soils of this area are underlain by 
metamorphic and igneous rocks. The 
metamorphic rocks are of the Littleton 
Formation, which is composed of gray 
mica schist, and of the Merriniac 
Group, which is composed of pinkish 
brown granulite and gray phyllite. 
Several areas of granite,  quart^ 
monzonite, and granodiorite have been 
forcibly injected up through the 
metamorphic rocks in this area. A 
detailed map of the soils in the 
watershed is included in Appendix A. 
The general soil types of the area 
include: 

IIinkley-Windsor: deep, nearly 
level to steep, excessively drained, 
gravelly and sandy soils on 
terraces; 
Canton-Chatfield: deep and 
moderately deep, nearly level to 
moderately steep, well drained, 
loamy soils on hilly uplands; 
Bemardston Variant-Pemichuck- 
Canton: deep and moderately 
deep, nearly level to sloping, well 
h i e d  loamy soils on rolling 
uplands; and 
Urban Land-Windsor-Canton: 
urbanized areas and deep, near1 y 
level to sloping, excessively 
drained, sandy and loamy soils on 
terraces and uplands. 

2.6 Ponds and 
Channel 
Characteristics 

Chain pond systems characteristically 
are cleanest in the most downstream 
pond. This is because upstream ponds 
collect pollutants and trap them. 
There they are subject to biological 
degradation, unless excessive. In the 
Pemichuck watersheds, there are a 
series of ponds that trap many of the 
urban pollutants that have entered over 
the years. However, it appears that 
some of these ponds are becoming full 
of sediment, resulting in washover of 
polluted sediments and reduction in 
capacity. 

1 poorer water quality bccause of large stormwater inputs. 
Clin~ate 1 The amount of rainfall, seasonal variations in temperature, 

Characteristics 
Subwatnshedsl 
Drainage Areas 

1 I and rainfall oatterns have a strone effect on both natural 

Subwatershed size, soils, slope, and hydrologic features 
have significant effects on waterquality both mMRnalard 
develoned watersheds. Large drainage areas tend to have 

I thcrc is lessel skmnwaler impact in undeveloped 

Land Use 
and urban watersheds. 
Watershed land use has a strong effect on water quality, 
with forests generally filtering out pollutants while urban 

natunl features, including water bodies natural a b ~ l ~ t y  to 

over time as urbanizatron increases stormwater flows, 

Geology and Soils 

The loss of these ponds also affects 
overall watershed storage for water. 
This loss of water storage ultimately 
affects both the quantity and quality of 
water, and the ponds must be 
maintained in order to maintain good 
water quality in the water supply. 

The geology and soils may affect water quality because of 
the dissolved minerals that affect alkalinity, pH and other 
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2.0 Watershed Characteristics 
Channel characteristics are dependent although little survey data exists. It is 
on the area of the watershed. In more likely that as the watershed urbanizes 
urban areas of the watershed, such as further, that the stream channels will 
in the lower portions of Nashua, the become wider and deeper and 
channels have scoured and widened, transport more sediment. 
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3.0 Water Quality 
Section Contents 
3 1 Introduct~on----------------3-1 

3.2 Regulatory Background -3- 1 
3 3 Watershed Water Qual~ty 3-3 

3.1 Introduction 
Both raw and finished water quality 
are important in drinking water 
sources. Raw water is water before 
the treatment process begins. Finished 
water is the water that leaves the 
water treatment plant and ends up at 
the customer's tap. It is important to 
maintain good water quality at both 
these stages since good raw water 
quality can mean lower treatment 
costs and reduced taste and odor 
problems. Good finished water 
quality is essential for public health. 

An overview of Federal and State 
regulations on water quality is 
included in this section This is 
compared with Pennichuck's 
historical raw and finished water 
quality data and with baseline 
sampling conducted by CEI for this 
project. Analysis of this data indicates 
problem areas and potentialpollution 
sources as discussed in Section 3.3 
and later in Section 5.0. 

3.2 Regulatory 
Background 

Drinking water regulations are based 
on the Federal Safe Drinlung Water 
Act and amendments of 1986 and 
1996. The Act requires that each state 
adopt standards that are no less 
stringent than the federal regulations. 

Surface water quality in the United 
States is protected under the Clean 
Water Act. These federal standards 
have been adopted by the State of 
New Hampshire in the form of 
Surface Water Standards designed to 
protect fisheries and recreational 
water resources. Thcse standards 
apply to all waters in the Pennichuck 

watershed, although they are geared 
more to protect aquatic habitat, 
fisheries and recreation than dnnking 
water quality. These are also 
described below. 

Drinking Water Regulations 
Both the Federal Safe Drinking Water 
Act and New Hampshire Drinking 
Water Quality Standards identify 
maximum contaminant levels (MCLs) 
that finished water must meet. Below 
is a brief discussion of each. 

Safe Drinkina Water Ac t  

The Federal Safe Drinking Water Act 
(SDWA), enacted in 1974, was 
amended in 1986 and 1996. SDWA 
directs the 
Environmental 
Protection Agency 
(EPA) to develop 

Good raw water quality 
water can mean lower treatment 

regulations that costs and reduced taste 
incorporate maximum 
contaminant levels 

and odor problems. 
(MCLs), maximum 
contaminant level goals (MCLGs), 
and Weatment techniques for dozens 
of contaminants to protect public 
health. 

Some contaminants' health effects are 
long-term, such as cancer or liver 
damage. Exposure to these 
contaminants over a long period of 
time will increase the consumer's 
chance of contracting such diseases. 
Consequently, the MCLs for 
contaminants that have long-term 
(chronic) health effects are based on 
exposure to contaminants over a 
liretime. Regulations are then set with 
the assumption that drinking water 
sources will be consumed regularly 
over an average lifespan of 70 years. 
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3.0 Water Quality 
Other contaminants, such as 
microbiologicals, have "acute" health 
effects (those that occur immediately 
or shortly after consumption). Only 
short-term exposure to these 
contaminants is needed before the 
consumer becomes ill but there is 
little or no lifetime cancer risk. These 
contaminants are also regulated to 
assure public health safety. 

p 
Environmental Services [NHDESI 
Drinkina Water Qualitv 
Standards 

The New Hampshire Drinking Water 
Regulations (Env-Ws 3 10) mirror the 
SDWA regulations in a series of 
Maximum Contaminant Levels 
(MCLs) and Maximum Contaminant 

Level Goals (MCLGs). 
They address the quality 

The number of regulated of water after treatment 

drinking water (finished water) bcforc it 
reaches the consumer. 

contaminants has Table 3-1 shows the 
increased from less than 20 MCLs and MCLGS of 

to more than 100 in the last contaminants compared 
10 years. to Pennichuck's finished 

water quality. 

Surface Water 
Quality Regulations 
NHDES also has surface water 
quality regulations (Env-Ws 432) that 
reflect the federal Clean Water Act 
requirements. The purpose of these 
rules is to establish standards based 
on the designated use of the surface 
water. The rules provide for the 
protection of aquatic organisms and 
wildlife and provide for recreational 
activities within the state's waters. 
The Surface Water Quality 
Regulations also apply to all point 
(piped) and non-point (stormwater) 

source discharges of pollutants 
(discussed further in Section 5). 

State surface waters are broken into 
three classes (A, B, and C). The 
classification of the water body is 
dependent on the most sensitive use 
to be protected: Class A is the most 
protected and is generally for drinking 
water supplies; Class B waters are 
generally for recreational use. Class C 
waters consist of all surface waters 
not classified as Class A or B and are 
the least protected. In addition, each 
surface water body, regardless of 
classification, must meet the 
following water quality criteria: 

The presence of pollutants in 
receiving waters is not the basis 
for fbrther introduction of 
pollutants. The failure of waters 
to meet certain criteria due to 
natural causes does not 
necessitate the modification of the 
assigned water use classification. 
All waters shall be free fiom 
pollutants in concentrations or 
combinations that settle to form 
harmful deposits; float; produce 
odor, color, taste, or turbidity that 
is not naturally occurring; result 
in the dominance of nuisance 
species; or prevent recreational 
activities. 
The level of radioactive materials 
shall not be in concentrations or 
combinations that would be 
harmfd to human, animal, or 
aquatic Life; would result in 
radionuclides in aquatic life 
exceeding recommended limits 
for consumption by humans; or 
would exceed EPA's Drinking 
Water Regulations. 
Tainting substances shall not be 
present in combinations that 
in&vidually or in combination 
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3.0 Water Quality 

eta Particles and Photon 

MCLG 

Arsenic 

MCL 

Radium 228 
Tritium 
Strontium 90 

Fluoride I 
Mercurv e 

P e n n i c h u c k  
Finished 

W a t e r '  

0 plCI1 
0 pic11 
0 piCA 

Notes  

For systems collecting at least 40 samples per 
month, no more than 5% can be total coliform 
positive. For syslems collecting less than 40 
samples per month, no more than one sample 

20,000 pic11 
8 pic11 

1 0.05 mgA( <0.005 
7 n1i111od 7 m i ~ ~ i o d  

level. When copper concentrattons exceed 1 
ppb i n  more than 90% of their samples, actii 
must be taken for treatment Copper usually 
comes from homeowners plumb~ng 

Inorganic mclals contammants 

2.0 m g  
0 005 mg/l 

0.  l mgil 

- 
- 
- 

more than 90% of their samples, action must 
be taken for treatment. Lead problems usually 
come from home plumbing. 

tn surface waler supplies. 

20mgA 
0.005 mgA 

0.1 mgil 

1.3 mgil 
4.0 mg/l 

Pennichuck Water Works Watershed Management Plan 

<0.002 
<0.0025 

10.05 

1.3 ppb 
4.0 mgil 

0 mgA 

0.002 m f l  

The MCL indicated here is actuallv the actic 

a 1 0  
<1 0 

0.1 5 rngA 

00.02 mg/l 

Limitation for treatment level. 
When lead concentrations exceed 15 ppb in 

<0 005 

<000l 
Inorganic contaminant 



3.0 Water Quality 

Pennichuck 
Finished 

MCLG MCL w a t e r '  N o t e s  

The total for nitrate and nitrite cannot exceed 
Nitrate I0 mg/l lOrng/l 0.66 10 mgll, which IS not usually a problem in 

Nitrite I U mg/l I .O mgll <0,005 surface waters. 

Selenium 0.05 mgfl 0.05 mgfl <0.025 Inorganic contaminants. 

pesticides). Usually a greater problem in 
heav) agricultural areas of the m~dwest. 

Pennichuck Water Works Watershed Management Plan 



3.0 Water Quality 

Pennichuck 

Finished 

MCLG MCL Water  ' Notes 

2,4,5 TP 0.05 m g ~ l  0.05 mgA BDL Synthetic organic contaminants (mostly 
2,4 D 0.07 mg/l 0.07 mgA BDL, pesticides). Usually a greater problem ln 
Dalapan 0.2 mgA 0.2 m d l  BDL heavy agricultural areas o f  the midwest. 
Dl(ethylhexy1)adipate 0 mgil 0.4 mgA BDL  
~ D I  (ethylhexyl) phthalate 1 0 mglll 0 006 mgill B D L ~  - - .  

Butylbenzylphathalate 0.04 m y l  0.007 mg/l BDL 
Dinoseb 0.007 mgn 0.007 mgA BDL  
Diquat 0.02 mg/l 0.02 mgll BDL Synthet~c organic contaminants (mostly 
Endothall 0. l m d l  0.1 mgll BDL pesticides). Usually a greater problem in 
Endin 0.002 mgA 0.002 mgA BDL heavy agricultural areas o f  the midwest. 
Glyphosate 0.7 m ~ i l  0.7 rngA BDL 

S~mazine 0.001 m g ~ l  0.004 mg/l BDL 
2,3,7,8 TCDD Dioxin 0 mgll.00000003 mg/l - 
Bromodichloromethane 3 Trihalomethanes (THMs). monitoring IS 

,Dibro~t~ochloromethane <I  required in systems that serve 10,000 or more 
(~ribromomethane 1 I Total o f  1001 ~ 0 .  1 
Tr~chloromethane F P ~  20 
Chloroform 0 mgil 0.02 Maximum Disinfect~on Uyproducts. 
Bromodichloromethane 0 mgn 0.003 

Bromate 0 mgil - 
Dichloroacet~c A c ~ d  0 mgll 0011 
Trlchloroacet~c Acld 0. l mgll 0 009 

Lchloral Hydrate I 0.005 mg/ll 1 
Chlorite 0.3 mg/l 
D~brochloromomethane 0.06 mgil - 
Chlorlne 4 mgA 0.85 Chlorine Disinfectant Residuals. 
Chloramines 4 mgn - 
Chlorlne Dloxide 0.8 mg/l - 

0 05% dose at Limitations for Treatment Chemicals. 

Acrylamide 0 mgil I mgn - 
0.0 1 % dose at 

Epichlorohydrin 0 n~gA 20 mgil - 
- Not sampled m g ~ l  - milligrams per liter 
BDL - Below Detect~on Limlt ppb - parts per billion 
I .) Pennichuck Samples represent an average o f  the finlshed water at Harris Pond taken since 1991. 
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3.0 Water Quality 
produce undesirable flavors in 
aquatic organisms. 
Toxic pollutants, unless naturally 
occurring, shall be in 
concentrations that will not injure 
plants, animals, humans or 
aquatic life; persist in the 
environment; or accumulate to 
harmful levels in aquatic 
organisms. 

The chain ponds that consist of 
Pennichuck Water Works' supply are 
classified as Class A water bodies and 
must meet the criteria provided in 
Table 3-2. Table 3-2 is a comparison 
of Pennichuck's current water quality 
and these criteria. 

3.3 Watershed Water 
Quality 

The most useful parameters for 
gauging watershed health are not all 
regulated. Table 3-3 describes some 
of the most useful watershed 
management parameters. Data on 
these parameters (some regulated, 
some not) is discussed below. 

Pennichuck Water Works has 
conducted hstorical sampling of 
several parameters in the watershed. 
Historical sampling data and a map of 
their locations is included in 
Appendix B. 

Baseline sampling was conducted 
during the months of July, August, 
and December. The results of this 
sampling are included in Appendix C .  

Limitcd additional sampling was 
conducted for this study to 
supplement existing data for nutrients 
and pathogens, two of the most 
detrimental contaminants to a surface 
water supply. Sampling parameters 

included a field analysis of pH, 
conductivity, turbidity, d~rsolved 
oxygen (DO), temperature and flow 
rate. Laboratory analysis was 
conducted for fecal coliform, 
ammonia, Total Kjedhal Nitrogen 
(TKN), total phosphorus, and nitrate. 

Based on the hydrologic budget and 
breakdown of subwatersheds, 13 key 
locations in the watershed were 
identified for sampling. Sampling was 
done at four dams (SW1, SW2, SW4. 
and SW6) and nine tributaries (SW3, 
SW5 and SW7-SW13). Locations of 
these sampling points can be seen in 
Figure 3- 1. The relationship of these 
locations to historically sanlpled 
locations is described 
in the appendix. 

Fecal Coliform 
Some of the most useful 
parameters for gauging 

Fecal coliform is 
typically used as watershed health are not 
indicators of regulated. 
bacteriologic pollution 
in water. These 
bacteria may indicate animal and/or 
human fecal wastes that can be 
identified and potentially eliminated 
or minimized to improve water 
quality. However, there are many 
limitations in the accuracv of these 
"indicators" because some bacteria in 
the coliform group are not of fecal 
origin. Thus, the test can give 
misleading results, particularly when 
counts are fairly low (<I00 per ml) in 
untreated surface water. 

Pets in densely populated areas, 
livestock and sewage leaks near 
surface waters are typical sources of 
fecal coliforrn. Fecal coliform is also 
used to indicate whether other 
pathogens may be present; pathogens 
that may include viruses, bacteria, and 
protozoans like Giardiu and 
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3.0 Water Quality 
Cryptosporidium. Some of these 
pathogens are difficult to treat, 
particularly the protozoans, and may 
lead to severe cases of diarrhea or 
dehydration (which can be fatal to the 
immun~compromised). These 
pathogens are not typically tested for 
because reliable methods are not 
generally available. 
Figure 3-2. Results of 1996 Fecal 
Coliform Analysis 

Fecal Coliform 
350 1 

I Total Phosphorus I 

A v c n g c d  Oncum+de Avrrageof Oncumplc Oncramplc 

rvadrblc sampler taken ln Aprrl rwlablc rampla taken ln Junc Ukcn ln July 
takm dunng 1 ~ k c n  dunng 4 

s q l m g  roundr sunpltng row& 
m Navcmbcr 

-Supply Pond * Harrlr Pond 
Holl Pond --C Behmd NHV7 

-Slump Pond 

Figure 3-3. Historical Phosphorus 
Levels 

Some researchers are currently close 
to completing work in better 
"indicator" organisms that can be 

used as an adjunct to fecal coliform 
counts. Meanwhile, fecal coliform 
analysis supplemented with analysis 
for Escherischia coli (E. coli) are the 
most reliable indicaton available for 
identifying fecal wastcs. 

Fecal colifonn data &om January 
199 1 to July 1996 indicates specific 
areas of the watershed with frequently 
high fecal counts (>lo0 per ml), with 
the highest counts generally occuning 
during the summer months. 

Review of the six years of data 
suggests an increase in fecal counts in 
most locations over time. 

High fecal colifonn counts were 
identified at Boue Field Brook 
(SW3), Stump Pond (SW 101, and 
Witches Brook (SW I1 and SW12), 
with counts remaining above 100 
from Boue Field Brook during the 
winter months when lower counts are 
expected. Possible sources for these 
high counts are sewer breaks, illegal 
waste discharges or pets in densely 
populated areas. Figure 1 2  shows the 
results of fecal colifonn sampling. 

Phosphorus is considered a limiting 
nutrient for plant life to grow. 
Howcvcr, if excessive phosphorus can 
cause ponds to fill in and become 
eutrophic with algae blooms that lead 
to taste and odor problems in water 
supplies. Generally, phosphorus 
levels under 0.02 - 0.03 mgl will not 
lead to eutrophication or algae 
blooms. Limited phosphorus data 
taken since November 1995 shows 
values as high as 0.21 mgil. As can be 
seen from Figure >3, the highest 
phosphorus levels occur in Bowers 
Pond, Pennichuck Brook and the 
Menimack River, with significant 
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3.0 Water Quality 

P a r a m e t e r  S t a n d a r d  Values  Found  in PWW %stem 

Dissolved Oxygen DO = 75% saturation for 16 Typical DO values range from 8-10 mgil in cold, well- 
hourslday. not less than 6 mgil aerated streams and from 3-5 mgfl in warm streams. DO 
unless naturally occurring. values during CEl's sampling rounds ranged between 2.8 

mgll and 11.9 mgil. Low values may suggest oxygen 
depletion and potential for fishkills. High values may 

Benthic Deposits + 
Coliform I 

Jsuggest excessive algae. 
No benthic deposits unless INS* 
naturally occurring. 
No coliform in quantities that Typically, for drinking water, fecal values should be 
will impair water uses. absent. High fecal counts occurred at Boire Field Brook. - 

Stump Pond, and Witches Spring Brook. 
Oil and Grease No oil or grease, unless NS* 

naturally occurring. 
Color No color unless naturally Color values in 1996 ranged from < 1 color unit to 73 

color units. Color does not pose a health threat, however i 
may be an aesthetic problem. Most colors result from 
decaying plants and may not represent a pollution issue. 

Turbidity No turbidity unless naturally Turbidity indicates the amount of total suspended solids il 
occurring. water. High turbidity may interfere with treatment. Harris 

Pond, Bowers Pond, and Boire Field Brook showed high 

I /turbidity values at times 
Slicks, Odors, and Surface INO slicks, odors, or surface  o one noted. 

lfloating solids. 
( N O  artificial rise in temperature.l None noted 

Phosphorus No phosphorus unless naturally Phosphorus lcvcls range from 0.02 lo 0.21 mgil in the 
occurring. chain ponds Desired levels are usually around 0.02 to 

0.03 mgil in a stream system like this. High levels may 
lead to eutrophication of the ponds. Modeling indicated 

Gross Beta Radioactivity 
Stronium-90 
Kadium-226 

Toxic Substances 

high values may occur at PBB and SB. 
< 1000 picocuries per hter NS* 
< 10 picocuries per liter NS* 
< 3 picocuries per liter NS 
As naturally occurs. Over-productive reservoirs may see fluctuations in pH as 

vegetation and algae photosynthesize (high pH) and 
respire (low pH). pH ranged from 4.0 to 10.5 at various 
locations in the watershed. High or low pH may also 
indicate industrial discharges. 

Ambient water concentration NS* 
should be zero, however, as this 
is not attainable, a risk factor of 
10-6 is uced 

L -~ .~ .-..- 

Dioxin (2,3,7,8 - TCDD) < 0.001 mgil NS * 
Mixing Zones Not allowed in Class A waters. NS' 

Antidegradation No discharge of sewage or No point discharges noted 
wastes into Class A waters. 
Degradation of water quality is 
prohibited. 

N1* The- paramelm are not bpi~aI1) ~amplcd (or uenm samplmg paramcterr) unlcrr arpccdc rndlsumal dlrcharge were rvrpectd 
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3.0 Water Quality 

P a r a m e t e r  

PH 

Turbidity 

Conductivity 

Color 

Alkalinity 

Dissolved Oxygen (DO) 

Fecal Colifonn 

Escherischia coli 
(E. coli) 

Coliphages 

Phosphorus 

Total Kjeldahl Nitrogen 
(TKN) 

Ammonia 

Nitrate 

I m p o r t a n c e  t o  S u r f a c e  W a t e r  Supply  
A measure of the concentration of ions (H+) in water. Over-productive reservoirs may 
see fluctuations in pH as vegctation and algae photosynthesize (high pH) and respire 
(m 
Typically, in winter months, temperatures range from 0-3" C, in summer months, 
temperatures range from 23-27" C. Variations in tempcrature may be an indication of 
wastewater discharges. Stream temperatures that are low in the summer can also 
suggest a groundwater baseflow influence, usually a positive factor. Urban develop men^ 
tends to increase overall stream temperatures by removing shade trees and by long-term 
loss of baseflow. 
Turbidity is a measure of the total suspended solids in water and is used to assess the 
clarity of water. Erosion and algal blooms from construction projects are common 
causes of high turbidity in ponds and streams. Construction erosion is particularly 
problematic because many pollutants adsorb to soil particles and are carried along. It 
also causes sediment build up in ponds. 
Conductivity is a measure of the ability of water to conduct electricity, also a measure 
of the total dissolved solids in water. Higher than background levels may suggest 
sewage or other pollutant inputs. 
Color results from dissolved materials in water. Most colors in natural waters result 
from tannins extracted from decaying plants. 
A mcasure of the water's ability to neutralize acids or buffering capacity. Indicates the 
water's ability to resist pH change. pH changes may strongly affect other parameters. 
For example, low pH may cause release of heavy metals from sediments. 
The presence of DO is important to maintain aquatic life in waters. Typical DO values 
range from 8-10 mgA in cold, well-aerated streams, in warm streams. 3-5 m g k  Very 
high summer DO may suggest algal blooms. The algal bloom may add to oxygen levels 
in the daytime, but oxygen demand from decomposing sediment materials causes 
associated nighttime crashes. This condition can lead to fish kills and other undesirable 
water quality effects such as the release of  manganese and phosphorus from sediments. 
The presence of fecal coliform in high numbers may be an indication of feces from 
animal or human waste. 
This analysis may he used to confirm whether a suspected fecal colifonn problem is 
really from fecal wastes. It is an enteric bacteria from wann blooded animals or 
humans. 
This test is now under development and will help differentiate between human and 
animal wastes. It is not yet readily available commercially. 
Phosphorus is an essential clement for the growth of algae and other aquatic plant life. - - . . 
In high concentrations that often result from development, it leads to eutrophication. 
Eutrophication is the process where excessive algae and aquatic plant growth may . . 

chok' waterways and'may cause fish kills and unpleasant odors. 
TKN comprises nitrogen in all its forms, organic, ammonia, and nitrate. High TKN - - - 
values may indicate a nitrogcn source. However. ammonia nitrogen andlor nitrate 
nitrogen may also be sampled to help identify a specific source. 
Ammonia occurs in anaerobic conditions and is readily used by aquatic vegetation. 
Ammonia is a naturally-occurring form of nitrogen, but there are also several manmade 
sources. Common sources of ammonia are urea and anhydrous ammonia (fertilizer). 
Ammonia is found in the highest concentrations below wastewater discharges. High 
levels of this may indicate a nearby pollution source (waste discharge or fertilizer near a 
stream). 
Nitrate is a soluble form of nitrogen. Ammonia is converted to nitrate by bacteria and 
plants and occurs in almost all natural waters. Levels of nitrate seldom exceed 3 or 4 
mg/l by natural occurrence in New England. High nitrate levels may indicate 
contamination from fertilizers, municipal wastewaters. feedlots, or septic systems. 
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3.0 Water Quality 
levels in Bowers Pond after heavy 
rainfall (511196 and 5/2/96), indicating 
the impacts stormwater has in this 
area. 

Since phosphorus is the limiting 
nutrient for freshwater aquatic plants 
(they typically run out of this before 
other nutrients), most watershed 
programs are aimed at reducing its 
levels as the most effective method of 
preserving the watershed. Further, in 
order to limit this nutrient, its sources 
must be known. Since this would take 
years of intensive sampling to identify 
through direct analysis, theoretical 
models are often used to shorten the 
process of identifying the best targets 
for prevention and remediation 
efforts. Since most of these models 
are based on land use, they can also 
provide a more accurate long-term 
projection of phosphorus loads. 'Ihey 
can also be used, as they were here, to 
predict fbture water quality based on 
current zoning and the "buildout" of 
communities under this zoning. 

The theoretical model used for the 
Pennichuck system helped to 
determine phosphorus loads to the 
chain ponds in Pennichuck's system. 
This model highlighted areas of 
greater phosphorus load and helped 
pinpoint sources of pollution. Section 
4 discusses the phosphorus loading 
model in detail. Common sources of 
phosphorus are urban development, 
gravel operations, agriculture and 
logging, 

The phosphorus model is best used to 
compare various areas of the 
watershed to one another to identify 
potential problem areas. It does not 
take the place of actual data, rather it 
supplements data collection efforts. A 
long-term monitoring plan is also 

recommended to more accurately 
assess the health of the ponds and 
surrounding watersheds. This is 
discussed hrther in the 
recommendations section. 

Nitrate 

Nitrate occurs in most natural waters, 
however, too much nitrate in surface 
waters has the same result as 
phosphorus algae blooms and excess 
plant growth that may choke 
waterways. Boire Field Brook, Stump 
Pond and Witches Brook show the 
highest nitrate levels. Although the 
quantities are not large enough to 
present a compliance problem, they 
may lead to the eutrophication of the 
ponds. These subwatersheds are the 
most developed areas in the 
watershed. Some common sources of 
nitrate are contamination from 
fertilizers, municipal or livestock 
wastewater, and leaking septic 
systems. 

In summary, while 
Pennichuck easily meets 
all drinking water 
standards, raw water 
bacteria and nutrients are 
troublesome and may lead 
to increased treatment 
costs in the future. Even 
more critical is the 
increasing inability to 
"store" water in the 
watershed. Urbanization 
will continue to reduce the 

Page 3-5 Pennichuck Water  Works Watershed M a n a g e m e n t  Plan 



4.0 Hydrology and Nutrient 
Modeling 
A hydrologic budget of the 
watershed, using precipitation and 
gaging station flow correlations, was 
developed to identify the total runoff 
(surface and base flow) entering the 
chain pond system from the 
individual subwatersheds. This is 
critical because it allows the 
subwatersheds to be prioritized based 
on the amount of water contributed to 
the chain pond system from each, 
with larger contributors being more 
critical to the system. For example, a 
subwatershed contributing 28% of the 
total flow into the ponds is niore 
critical than a subwatershed 
contributing only two percent of the 
total flow because its impacts on the 
final water quality of the ponds are 
greater. 

The precipitation data used in the 
hydrologic analysis was then used for 
furtfier modeling cakulations of 
pollutant loadings of the critical 
parameter phosphorus. Phosphorus is 
critical because it is the limiting 
nutrient in a fresh water system, and it 
is important to reduce its loading into 
the ponds to minimize algal blooms 
and associated taste and odor 
problems. It is also critical to reduce 
phosphorus because excess amounts 
lead to eutrophication, the rapid 
fihg-in of water bodies with dead 
plant materials and the associated loss 
of capacity (and other problems). 

The phosphorus modeling gives a 
picture of the anticipated overall 
quality of water in each of the chain 
ponds and the major contributions to 
that water quality horn various 
portions of the watershed. It allows 
for each of the subwatersheds to be 
prioritized based on the phosphorus 

loadings each contributes so that 
specific subwatersheds may be 
identified for preventive and remedial 
efforts. For example, a subwatershed 
that contributes 18% of the total 
phospho~us loadings is more critical 
to the system than a subwatershed 
that contributes only five percent of 
the total phosphorus loadings, and 
consequently should receive more 
effort for preventive and remedial 
efforts. 

In summary, the hydrologic and 
nutrient budgets allow for later 
prioritization of efforts. Table 4- 1 
outlines the purpose of the hydrologic 
and nutrient budgets. 

Comparison of from each subwatershed can be 
Subwatersheds compared and projects can be 

focused in areas that contribute 
the greatest amount of water; 

Allows Focus on 
Problem Areas 
for 
Remedia tion 

The nutrient budget shows 
areas contributing the highest 
amounts of phosphorus, a 
critical nutrient in the long-term 
health of fresh surface water 
bodies; 

Areas for 

Protection targeted to areas of high volume 
and low phosphorus 

I contribution. 
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4.0 Hydrology and Nutrient 
Modeling 

Figure 4-1. Typical IIydrologic 
Cycle 

1 PBS 1 

Figure 4-2. Percent Hydrologic 
Contribution 

4.1 Hydrology 
Hydrology refers to the occurrence, 
circulation and distribution of surface 
and ground waters. A hydrologic 
budget is performed to identify the 
amount of water entering a surface 
water body. Water may enter through 
runoff as surface flow in streams, 
sheet flow over land, and 
groundwater flow through the 
subsurface. Additionally, it may enter 
through direct precipitation. It "exits" 
the watershed via evaporation and 
transpiration and outflow. A graphical 
depiction of water contribution is 
shown in Figure 4 1. Calculating the 
components on each side of the 
equation can be used to develop a 
"budget" as is described below. 

The hydrologic analysis conducted 
for this study consisted of the 
delineation of several subwatersheds 
and an analysis of gaging station and 
precipitation data to determine the 
total runoff (surface and baseflow) 
from each subwatershed into the 
chain ponds. The estimated percent 
hydrologic contribution into Supply 
Pond by subwatershed is shown on 
Figure 4 2 .  The subwatershed 
delineations are shown on Figure 43 .  

The estimated runoff from the total 
watershed for a series of varied 
conditions was determined by 
analyzing available precipitation and 
runoff records for the localarea. 
Monthly precipitation records for 
Nashua, covering a 74-year period, 
&om 1922-1995, were used in the 
analysis, with a focus on the 30-year 
period of 1966-1995. Runoff 
estimates for the area were based on 
analysis of several gaging station 
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4.0 Hydrology and Nutrient 
Modeling 
records as obtained by the U.S 
Geological Survey. 

The runoff values used for the 
Pennichuck watershed were derived 
from a study of records compiled by 
the U.S. Geological Survey from 
certain continuous record streamflow 
monitoring stations including a 
gaging station on the Souhegan River 
at Memmack, N.H. and a gaging 
station at Beaver Brook at North 
Pelham on the PelhamWindham 
town line. These data records were 
used to derive relationships between 
flow data recorded and monthly and 
annual precipitation. 

A study of annual precipitation at 
Nashua and flow data at the Souhegan 
River at Merrirnack for the 54-year 
period (1923-1976) shows a very 
distinct relationship between 
precipitation and flow contribution as 
with 49 of the 54 years falling within 
the 90% probablity range as shown 
in more detail in Appendix D. This 
relationship can be used to estimate 
the annual runoff from the watershed 
given a value for precipitation. For 
example, the average annual 
precipitation of 43.66 inches for the 
30-year period (1966- 1995) would be 
expected to yield an average runoff 
value of 25.65 inches with a 90% 
probability that the annual rainfall 
producing this contribution would fall 
within the range of 37.8 to 49.5 
inches. A frequency analysis for this 
54-year period of rainfall shows the 
results in Table 42 .  

The runoff values determined through 
this analysis were applied to the 
Pennichuck water supply watershed 
to determine the percent hydrologic 

contributions from each subwatershed 
as depicted in Figure 42.  A more 
detailed description of the hydrologic 
analysis is provided in Appendix D. 

4.2 Nutrient Analysis 
A nutrient analysis of the watershed, 
using phosphorus, was conducted to 
show: (1) the total loadings into the 
chain pond system &om each of the 
subwatersheds and (2) the in-pond 
concentrations from each of the chain 
ponds based on these total loadings. 
The analysis was conducted using a 
phosphorus model that projects 
estimated phosphorus loadings from 
various portions of the watershed 
based on land use and soils data. 
Modeling is especially useful in 
watersheds where there is limited 
sampled phosphorus data. However, 
modeling provides only a rough 

1 Precipitation is Less Than I (inches) I 
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4.0 Hydrology and Nutrient 
Modeling 

MB PBS I 

Figure 4-4. Percent Phosphorus 
Contribution 

PBS Pennichuck Brook 
to Supply Pond 
PBB Pcnnichuck Brook 16% 
to Bowers Pond 
PBH Pennichuck Brook 

Phosphorus 
Contribution 

10% 

to Holt's Pond I I 
PBP Pennichuck Brook 1 11% 1 8% 
to Pennichuck Pond 
WBE Witches Brook 1 5% I 7% 

WBN Witches Brook 
North 
SBP Stump Brook 1 6% 

East I 

estimate of pollutant loadings in the 
reservoir and is better used to 
compare various portions of the 
watershed to one another. 

WBS Witches Brook 1 28% 1 8% 

BFB Boire Field Brook 
MB Muddy Brook 

Since the Pennichuck watcrshed is 
divided into 10 subwatersheds, the 
phosphorus loadings from each of 
these subwatersheds was estimated to 

3 

2% 
15% 

identify which areas contribute the 
most phosphom. Thus, these areas 
could become the focus for later 
prioritization efforts. Figure 4-4 
summarizes the percent phosphorus 
contribution of each of the 
subwatersheds to the chain ponds. 
Table 4 3  shows the same 
subwatersheds compared for both 
hydrologic and mtrient contributions. 

10% 
5% 

The Eutromod Watershed and Lake 
Modeling Software (Reckhow, 1990) 
was used for determining phosphorus 
contributions in the Pennichuck 
watershed. The model uses 
information pertaining to land uses, 
soils, stormwater pollutant 
concentrations, and pond 
characteristics to estimate phosphorus 
loadings and in-pond phosphorus 
concentrations. This model was 
selected because it was developed to 
determine phosphorus loadings ffom 
both rural and urban settings, while 
many models focus only on urban 
watersheds. 

The model considers phosphorus 
loadings ffom agricultural areas, since 
they may contribute more than 
another type of land use of similar 
size. The model also accounts for 
phosphorus loadings from forested 
areas, considering the phosphorus 
content of the regional soils. This is 
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4.0 Hydrology and Nutrient 
Modeling 
important because some of the 
Pennichuck watershed is very rural 
with small tracts of agricultural land 
and large tracts of undeveloped 
forested land, while other parts are 
rapidly urbanizing. Thus this model 
was appropriate for this watershed. 
Additionally, Pennichuck zoning 
reveals that some areas of the town of 
Hollis may develop as agricultural 
land in the hture. Several of the 
urban models do not recognize the 
high loadings that may be seen fiom 
these agricultural areas. In addition to 
calculating loadings from various 
land uses, the model also uses these 
estimated loadings to determine 
theoretical in-pond phosphorus 
concentrations. 

Phosphorus Loadings 
The Eutromod model requires an 
extensive inventory of the watershed 
to identify the watershed specific 
parametem to successfully run the 
model. The parameters needed to run 
the model are summarized in Table 4 
4. Specific factors applied for each of 
the parameters in each subwatershed 
can be found in Appendix E. 
The first step for using the model is to 
define the various land uses within 
the watershed by land area. This data 
was obtained from the Nashua 
Regional Planning Commission 
(NRPC) for 1994 and is shown as 
Figure 45 .  Land areas for each land 
use in each subwatershed are 
summarized in Table 4 5. Note that 
about half of the watershed is 
undeveloped forested land (vacant 
land), which, in itself, provides a 
sigruficant level of protection as long 
as it is not developed. Additionally, 
about 19% of the watershed is 
developed as residential lots greater 

than one acre in size. Although this 
land use does not provide the same 
level of protection as forested landq, it 
is one of the more desirable 
developed land uses since the amount 
of impervious area remains relatively 
low in comparison to dense 
residential, industrial and commercial 
areas. 

In addition to land use data, soils data 
was also defined for use in the model. 
This was obtained through the UNH 
GRANITNET 
database and is Phosphorus is critical because it 
provided in is the limiting nutrient in a fresh 

A. These water system, and it is important 
land areas and soils 
data are used to 

to reduce its loading into the 

literature ponds to minimize algal blooms 
based surface rnnoff and associated taste and odor 
coefficients for urban problems. 
and rural areas of the 
watershed (obtained 
ffom Reckhow, 
1990). Runoff 
coefficients for the rural areas within 
the watershed were estimated based 
on literature coefficients for specific 
soil types. For urban areas, these 
coefficients are based on the percent 
impervious area, identified in the 
literature for individual urban land 
uses including commercial, mdustrial 
and various densities of residential. 
These impervious areas have been 
correlated with runoff coefficients. 
The model uses these runoff 
coefficients to determine the total 
surface runoff within a given area. 
The land use data is also used to 
identify literature-based phosphorus 
concentrations for stormwater runoff 
fiom various land uses. 
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4.0 Hydrology and Nutrient 
Modeling 
The model estimates phosphorus 
loadings from a given area by 
multiplying the quantity of surface 
runoff by the phosphorus 
concentrations for specific land uses. 
The model also uses the universal soil 
loss equation (USLE) to determine 
the amount of eroding soil in the rural 
areas of the watershed including 
agricultural and forested lands to 
account for the phosphorus content 
that may be transported in the surface 
runoff from these areas. The equation 
uscs various factors based on the type 

since not all of the eroded soils will 
reach a stream or water body. Due to 
the dense cover on forested lands, 
little soil erosion is expected to occur 
in the forested areas. 

For urban areas, it is generally 
assumed that all of the stormwater 
and its pollutants will reach the 
stream since pipes are available to 
carry the stormwater into the 
tributary. However, there is no storm 
drain system in portions of the 
watershed so a trapping factor was 

and slope of the applied for the developed areas within 

Approximately 7,000 pounds soh .  The local Soil these subwatersheds to account for 
Conservation Service runoff onto pervious surfaces, where 

per year of phosphorus are was contacted to some of the surface flow infiltrates 
contributed to the chain pond as,ist in the use of into the ground. 
system from the watershed. tlus equation. The 

purpose of the USLE 
is to determine the 
soil attached 
phosphorus loadings 
due to erosion. These 

are estimated with the use of literature 
based coefficients for soils in the area. 

Finally, the model allows for a 
trapping factor, which estimates the 
amount of soil or pollutants that will 
not make it to the tributary or pond. 
The trapping factor is primarily used 
for agricultural lands where a 
s igdcant  amount of soil erosion is 
expected to occur. However, not all of 
that soil will reach a stream or pond 
due to low sloping land and natural 
depressions that may exist and the 
distance it must travel to reach there. 
Thus, the trapping factor allows an 
estimation of the amount of soil that 
will not reach a tributary based on the 
distance from the nearest 
downgradient water body. A trapping 
factor is also applied to forested lands 

Using the infomiation provided in 
Appendix E and described in Table 4 
4, the model was run and phosphorus 
loadings by subwaterjhed and by type 
of land use were estimated. These are 
summarized in Table 46.  Based on 
the results of the model, a total of 
approximately 7,000 pounds of 
phosphorus per year are contributcd 
to the chain pond system from the 
watershed (see Figure 4 4  for the 
percent conb-ibution by 
subwatershed). 

As shown on Figure 4-4, 
subwatersheds PBB, SPB, BFB, PBH 
and PBS contribute the largest 
quantity of phosphorus to the 
Pennichuck water supply. These areas 
correspond to some of the most 
developed urban areas in the 
watershed. Urban areas in the 
watershed contribute higher 
phosphorus loadings than the rural 
areas due to the increased impervious 
surfaces. The increa~e in impervious 
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4.0 Hydrology and Nutrient 
Modeling 
surfaces allows for more surface 
water runoff, canying any 
contaminants that are deposited onto 
these surfaces. As a result, developed 
areas typically show a larger 
contaminant loading, as shown 
through the results of the model. 

In-pond Phosphorus 
Concentrations 
The model is also capable of 
estimating the in-pond concentration 
of the various ponds in the watershed 
based on the amount of phosphorus 
entering the pond and the volume of 
watcr entering the pond over a 
specific time period. The model 
considers the settling of phosphorus 
into the sediments in the pond to 
develop an appropriate in-pond 
concentration. However, the model 
does not consider internal phosphorus 
loadings Gon~ the sedimentc that may 
occur during the summer months. 
This factor is discussed further in the 
recommendations section. 

In many surface water supplies there 
is one lake or reservoir with a 
surrounding watershed and the 
hydrologic and phosphorus 
contribution Gom the entire 
watershed are used to determine the 
in-lake concentration. Ln the 
Pennichuck watershed, there are a 
series of ponds that make up the water 
supply, each capable of providing 
detention to remove some of the 
phosphorus loadings. Thus, to more 
accurately defme the in-pond 
concentration for each pond, each 
pond is looked at on an individual 
basis to account for the detention that 
is occurring. 

The chain pond system provides the 
extra benefit of settling out some of 
the phosphorus that enters the system 
so that the phosphorus loading going 
from one pond to the next is 
significantly less than if they were 
entering the pond from a tributary and 
its surrounding watershed. This 
results in a lower phosphorus 
concentration in Hanis and Supply 
Ponds since they are the last ponds in 
the series. However, if these upper 
watershed chain ponds fill up with 
sedimentc and nutrients, their 
detention will 
be decreased . . If the chain ~ o n d s  fill in with 
and the 
sediments may 

sediments i n d  nutrients, their 

even become a detention will decrease and the 
source of sediments may become a 
nutrients into source of nutrients into the 
the drinking drinking wafer. 
water. Thus! it is 
important to 
maintain the capacity of these ponds 
and the ponds may have to be cleaned 
out when they approach capacity. 

In-pond concentrations were first 
calculated for Pemichuck Pond and 
Stump Pond, which receive water and 
loadings from their tributaries and 
surrounding areas. Based on the 
hydrologic budget, the average yearly 
volume of water leaving these water 
bodies was used to determine the total 
phosphorus loadings (in pounds) 
leaving these ponds and entering into 
Holts Pond. Thus the in-pond 
phosphorus concentration of Holts 
Pond could be calculated with a better 
representation of pollutants entering 
the pond and by taking in the effects 
of detention that took place in the 
preceding ponds (Pennichuck and 
Stump Pond). Bowers, Harris and 
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4.0 Hydrology and Nutrient 
Modeling 
Supply Pond concentrations were 
then calculated in sequence using the 
same approach to include the effects 
of detention from their preceding 
ponds. 

Results of in-pond concentrations are 
summarized in Table 4-7 with 
comparisons made to 1996 average 
concenbations in Table 4 8 .  Since the 
intake to the water supply distribution 
is primarily from Hanis Pond, this 
pond is the focus for maintaining a 
reasonable water quality phosphorus 
goal. 

As shown in the table, the phosphorus 
concentration in Hanis Pond during 
an average year is estimated at 0.033 
mgil, which is comparable to the 1996 

level of 0.02 mgll. l h s  estimated 
concentration was calculated with 
consideration for the detention that 
each pond may be providing. As 
discussed above, if the ponds fill in 
with sediments and nutrients, this 
detention may be lost resulting in 
increased levels of phosphorus in 
each of the ponds. The expected in- 
pond concentrations with no added 
detention is also provided in Table 4- 
8. The results show a significant 
increase in phosphorus levels in each 
of the ponds. This data emphasizes 
the added benefit the chain ponds 
have on phosphorus levels and 
indicate the importance of 
maintaining the pond capacity. 

Although 0.02 mgil is a desirable in- 
wnd maximum for nhosnhorus in an 1 

Pond 

Stump Pond 

Pennichuck 

Estimated 
Modeled 
Concentration 
Considering 
Detention from 
the Ponds 

Pond 

Holts Pond 

Bowen Pond 

Hams Pond 
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mil l  
0.073 

0.028 

Supply Pond 

Estimated 
Modeled 
Concentration 
i f  No Detention 
is Provided from 
Ponds (mq/ll 

0.046 

0.039 

0.033 

. - .  

0.073 

0.028 

average of 0.04. This is about one and phosphorus removed from the 

one half times the desired phosphorus drainage area into Halts Pond not 
only impacts the in-pond 

0.029 

Average 
Sampled 
Concentration 
(1996) (mg/l) 

0.056 

0.047 

0.049 

affordable for the Pennichuck chain 
pond system because of the already 

nature of portions of the 
watershed. A more realistic goal of 
about 0.025 mg/l may be achievable 

0.01 
(based on only 

one sample) 
No data 

- 

0.099 

using a combination of mostly low 
cost prevention best management 
practices (BMPs) and higher cost 
remediation BMPs'. 

O.Os 

0.12 

0.04 

To reduce the in-pond concentration 
to 0.025 mgA, approximately 2,200 
pounds of phosphorus will need to be 
removed from the watershed, 
upgradient of Hanis Pond. Because it 
is a chain pond system, the quantity 
of phosphorus removed from each 

0.03 

- .  
subwatershed is in~portant in terms of 
the impact it has on the in-pond 
concentrations. For example, 
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4.0 Hydrology and Nutrient 
Modeling 
concentration of Holts, but also 
impacts the in-pond concentration of 
downgradient ponds including 
Bowers, Harris and Supply Pond. 
Additionally, the majority of 
phosphorus enters Holts Pond directly 
through its tributaries, whereas the 
downgradient ponds receive most of 
their loadings kom the preceding 
pond. 

Based on h s  information, it is 
recommended that the majority of the 
phosphorus be removed from the 
drainage area into Holts Pond 
(includmg WBE through WBN and 
PBH) and from PBS, PBB, and BFB. 
The more costly remedial measures 
should be focused on PBS, PBB, 
PBH, and BFB while the less 
expensive preventative measures are 
more appropriate for the other 
subwatersheds. 

Removal efforts are less of a priority 
in subwatershed PBP, MB and SPB 
(even though SPB was identified as 
one of the highest pollutant 
contributors) since the phosphorus 
loadings fiorn these tributaries goes 
through detention in Pennichuck and 
Stump Ponds and has a minimal 
impact on the in-pond concentration 
of Hanis and Supply Ponds. 
However, low cost preventative 
measures should be applied in these 
subwatersheds to minimize the 
loadings into these ponds. 

Based on the theoretical modeling 
data, focusing efforts in this manner 
should help Pennichuck meet a water 
quality goal of 0.025 m d  in Harris 
Pond. The concentrations that are 
likely to be achieved in each of the 
other ponds are summarized in Table 

4-9, which shows the allowable land 
use phosphorus loading into each 
pond to obtain these in-pond 
concentrations. However, the data 
used to calculate these in-pond 
concentrations was based on some 
assumptions where data was missing, 
such as mean depths or pond 
capacities. Additionally, filling of the 
ponds may result in the sediments 
contributing phosphorus to the water 
quality and could reduce the detention 
provided. 

Actual data is needed to verify the 
results of the model 
to better define Approximately 2,200 pounds 

- - 

'pecific sources of per year of phosphor"s need to 
phosphorus' Potential be removed from the watershed 
pollution sources 
based on database to achieve an in-pond 
searches and field ~0nCentrCJti0n of 0.025 mg/l in 
reviews are identified Harris Pond. 
in Section 5.0. 

' Best management practices (BMPs) 
consist ofactivities that are used to 
reduce the pollutant loadings entering the 
ponds. BMPs may be regulatory in nature 
or consist of structural measures to 
capture and treat stormwater before 
discharge into the ponds or tributaries. 
Recommended BMPs for the watershed 
are discussed in more detail in the 
recommendations section. 
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5.0 Pollution Sources 
Section Contents 

2. Nutrients, p&cularly 5.1 The Pollutants------------ 5- 1 

5.1 The Pollutants and phosphorus may enter 5.2 Pollution Sources --------- 5-2 

waterways in high concentrations 
There is an extremely close &om fecal wastes, fertilizers, and 
relationship between~the water quality roadway runoff, providing food 
of a pond or reservoir and its for excess aquatic plant and algae 
watershed. The surrounding growth. Nitrogen and phosphorus 
watershed is responsible for are essential nutrients required by 
contributing the water required to plants to grow. Gardeners are 
maintain water levels and also probably familiar with the term 
contributes most of the pollutant "NPK" 
loads. Water quality is a direct (Nitrogen~Phosphow/Potassium) 
reflection of watershed land use and since most fertilizers are based on 
hydrology. different ratios of these elements. 

Excess levels of the two primary 
The water quality threats in h e  nutrients, 
Pennichuck watershed were identified nitrogen and 
and prioritized based on their relative phosphorus are 
risks. These sources are the most typically found Wafer qualify is  a direct .. - 

hkely to interfere with the quality of in agricultural reflection of wafershed 
Pennichuck's supply. The general and urban runoff. 
categories of pollutants are High levels of land use and hydrology. 
summarized below: these nutrients 

I .  Microbiological contaminants, 
particularly pathogenic 
protozoans such as Giurdia and 
Cryptosporidium pose the 
greatest threat to water quality 
because they are so difficult to 
treat effectively. Viruscs and 
bacteria, although more easily 
treated by disinfection, may also 
pose a threat. 

can cause rapid 
choking and 
clogging of waterways and 
intakes, foul tastes and odors, and 
accelerated filling-in of the ponds 
and streams. Ultimately, this 
process (called eutrophication) 
can interfere with the system's 
operability. Although all of these 
nutrients provide a food source 
for aquatic plants and algae, 
phosphorus is the nutrient of 

Typical sources of these highest concern in freshwater 
pathogens include livestock and systems. 
pets, sewer line breaks, cross 
connections to storm water The control of phosphorus is 
systems, and any other sources of extremely importad because it is 
human and animal fecal waste. the "limiting nutrient" in a fresh 
With the exception of wildlife water system. Nitrogen, as with 
waste, which is typically phosphorus, may also result in 
insignificant (except for direct excess vegetative growth. 
waterfowl input) these factors are However, even if all waste 
usually linked directly with the sources of nitrogen were 
level of watershed development. eliminated, some plant species 

can fi nitrogen fi-om the 
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5.0 Pollution Sources 
atmosphere and add to the 
nitrogen pool if nitrogen is short 
in supply. Phosphorus is not 
usually available from the 
atmosphere in large quantities so 
limiting the phosphorus supply 
will theoretically limit the algae 
blooms and other explosive plant 
growth. 

Nitrogen is also a nutrient of 
concern. In its nitrate form, it has 
a maximum contaminant level 
(MCL) of 10 mg4 and is the most 

commonly exceeded 
MCL in groundwater ., 

Limiting phosphorus supply systems. It is 
. - .  

will t h e&eticbll limit t he ~ ~ ; $ ~ c p ~ ~ ~ ~ ~ y  
algae blooms and other human and animal 

explosive plant growth wastes that are high 

characteristic of in nitrogen and can 
usually be found in 

eutrophication. excess levels in 
urban runoff. Even 
though eltceedance 

of the 10 mgil limit is unlikely in 
surface water, much lower levels 
can still contribute to excess 
vegetative growth. 

result of runoff from disturbed or 
eroding watersheds, waste 
discharges, aquatic weeds, algae 
and products of their breakdown, 
humic acids and other organic 
compounds resulting from decay 
of plants, leaves, etc. in water 
sources, and high iron 
concentrations. A watershed with 
land development activities, 
agricultural practices and 
industrial effluents may cause 
elevated turbidity levels in the 
receiving waters. It is particularly 
important to control turbidity 
levels in dnnlung water because 
elevated levels can interfere with 
disinfection by sheltering 
microbes and reducing their 
exposure to chlorination, 
potentially allowing disease- 
causing pathogenic organisms to 
enter the distribution system. 

IFazardous materials also pose a 
significant threat. The sources of 
these materials are as diverse as 
the chemical compounds, ranging 
&om petroleum hydrocarbons 
entering Gom roadways or from - 

3.  Sediments from disturbed areas. spills to essentially any chemicals 
(industrial or otherwise) that other erosion, and road 

saltingisanding also are a threat to could be spilled in railroad or 

water supplies. In addition to the other transportation accidents. 
- - 

loss of storage capacity caused by 
these sediments, they also carry 5.2 Pollution SOU~C€?S 
particulate contaminants such as 

Identification of the potential 
phosphorus, pesticides and heavy pollution sources in the watershed is 
metals into the water supply. 

one step in determining where 
like comtruction hat remedial and preventative measures 

disturb vegetation and natural soil 
profiles are major sources of should be focused to minimize 

sediment. contaminant impacts on the receiving 
water body. Once the locations where 

4. Turbidity levels in water are these measures need to be applied are 
identified, specific measures may then caused by the presence of 
be developed to meet water quality suspended matter. Water sources 
goals. typically bccome turbid a s  a 
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5.0 Pollution Sources 
Two types of pollution were 
reviewed: point and non-point 
sources. 

Point Source Pollution is a source 
that enters waterways via a pipe 
or is otherwise a defined 
"source". 
Non-mint Sources of Pollution 
enter waterways with overland 
runoff. They are too widespread 
to pinpoint as to exact source, e.g. 
lawn fertilization is a non-point 
source of pollution. 

Point sources of pollution were 
identified in &he watershed through: 

I .  field surveys, 
2. review of aerials, 
3. database searches, and 
4. a review of federavstate records. 

This review identified subwatersheds 
that contain several pollution sources 
so that their relation to the overall 
water quality of the pond system 
could be further defmed. Figures 5 1 
and 5 2  show all of the point sources 
of pollution sources identified 
through the above measures, plus 
some non-point sources that are 
mappable. 

Point sources of pollution are usually 
directly piped, often require permits 
and may include: 

Point sources covered by the 
National Pollutant Discharge 
Elimination System (NPDES) 
Permits 
Point sources covered by 
Groundwater Discharge Permits 
State and Federal listed hazardous 
waste sites 

A database search and a state file 
review were conducted through 
GRANITNET to determine the 
locations of sites with known hazards. 
Sites from the Groundwater Hazard 
Inventory (including automobile 
salvage yards and underground 
storage tanks) and the National 
Pollutant Discharge Elimination 
System (NPDES) permit databases 
were located.  he& were a number of 
Groundwater Hazard Inventory sites 
within the watershed, however, no 
automobile salvage yards or NPDES 
sites were identified through the 
search. Figure 5 1 shows the location 
of these and other potential pollution 
sites. 

A file search was also completed 
through the NH Department of 
Environmental Services (NHDES) to 
determine additional sites that 
GRANITNET may not have 
indicated. Conversations were held 
with both the Groundwater Protection 
Bureau and Hazardous Waste 
Division of NHDES to help identie 
potential threats to the water supply 
and an All Sites List was obtained (a 
list of all hazardous waste, leaking 
underground storage tanks, landfdls! 
etc in the state) and reviewed. A list 
of sites found both during the state 
file review and the database search 
and their status is in Appendix F. 

Many of the sites found during the 
search and file review are identified 
by NUDES as "backlog", which 
means that NHDES does not consider 
them priority sites and a project 
manager has not been assigned yet. 
There are eight groundwater 
discharge permits within the 
watershed and five sites are ongoing 
and considered priority by NHDES. 
All other sites within the watershed 
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5.0 Pollution Sources 
have been remediated andfor closed. 
Currently, the sites within the 
watershed that are ongoing and 
assigned a project manager include: 

1. Site #910623: Bellemore Heating 
Oil Co.; 2 1 Old Nashua Road, 
Amherst; Project manager: Willis. 

2. Site#861101: 
Several hazardous waste Menimack Well #6 

sites provide potential poin t (Me"mack 
Industrial Metals); 

sources of pollution. off Milford Road, 
Menimack; Project 
manager: Wickson. 

3. Site #940966: Post Road PI- 
Route 10 1.4, Merrimack; Project 
manager: Wickson. 

4. Site #94 1 134: Connell Shopping 
Plaza; Rte 3, Merrinla~k; Project 
manager: Berry. 

5. Site #880316: Coca-Cola; 600 
hnherst  Street, Nashua; Project 
Manager: Willis. 

The RCRA (hazardous waste 
generators) and provisional lists were 
also obtained from NHDES and 
reviewed to identify other potential 
threats to the watershed. There are 
112 sites within the watershed on the 
provisional list. The provisional list 
consists of one-time hazardous waste 
generators. Most of these sites are 
located along Route 101 A and are not 
included on the map since they 
probably do not pose a significant 
threat to the watershed. A copy of the 
provisional list and the RCRA 
generators is included in the 
appendix. Locations of the RCRA 
sites can be seen in Figure 5 2 ,  
addresses are included in Appendix F. 
Small and large quantity generators 

should not be a problem if they are 
managed properly. 

Many of these point sources of 
pollution are already being 
remediated. Often, the largest 
pollutant contributions are associated 
with non-point pollution. Measures 
currently in place that provide some 
level of protection to the ponds are 
discussed in Section 6.0. These 
include some of the preventative 
efforts the state, local authorities, and 
Pennichuck Water Works have 
incorporated to deal with non-point 
source issues. 

Non-Point (Stormwater) Sources 
Non-point sources include a wide 
variety of pollution sources that enter 
the water body through stormwater 
runoff h m  storm drains or overland 
runoff and may include: 

Industrial and commercial land 
uses 
Dense residential land uses 
Intensive agriculture, including 
nurseries and golf courses 
Transportation activities 
Construction activities 
Landfils 
Sand and gravel operations 
Airports 

Non-point sources of pollution 
contribute bacteria, nutrients (mostly 
nitrogen and phosphorus), heavy 
metals, oil, grease, and many other 
pollutants to the water supply thrcxlgh 
runoff from stormwater. Although all 
of these pollutants are important, 
phosphorus was the focus of this 
analysis because it is the most 
important freshwatcr nutrient and is 
the most readily and frequently 
modeled non-point source indicator. 
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5.0 Pollution Sources 
Further, phosphorus is typically the 
"limiting" nutrient in freshwater 
systems. Other non-point sources of 
pollution are also critical but either do 
not lend themselves to modeling 
because of complex behavior 
(bacteria) or are difficult to model 
because of a lack of data on typical 
runoff values (metals). 

An important factor in determining 
the threat of pollution from an area is 
the relative flow contribution each 
subwatershed makes to the overall 
systcm in relation to the overall 
phosphorus contribution of that 
subwatershed. For example, 
subwatersheds that contribute only a 
small fraction of the total storm water 
input may be less important than 
those that contribute a large tiaction 
of the total storm water input. 

Phosphorus contributions calculated 
for this watershed are based on total 
pounds of phosphorus loadings and 
have already taken runoff into 
consideration in determining these 
loads. Thus, the most important 
subwatersheds are those that 
contribute the greatest loadings. 
Results of the two analyses have 
shown that those subwatersheds with 
the greatest hydrologic contribution 
do not necessarily contribute the 
greatest phosphorus loadings. In other 
words, some subwatersheds 
contribute little flow but lots of 
pollution, suggesting that pollution 
rcmcdiation efforts should be the 
focus in this area. For example, 
subwatershed SPB contributes only 
about 6% of the total inflow to the 
reservoir but an estimated 16% of the 
phosphorus load because of urbanized 
land use. Similarly, subwatershed 
BFB contributes about 2% of the flow 
but nearly 10Y0 of the phosphorus 

load. Conversely, relatively 
undeveloped subwatersheds have a 
positive contribution to the reservoir. 
For example, subwatershed MB 1 
contributes 15% of the i d o w  but 
only 5% of the pollutant load. 

This subwatershed contributes little 
pollution but lots of water to the 
system, suggesting that pollution 
prevention efforts may be more 
appropriate in this area than the more 
expensive remedial measures. Table 
5- 1 indicates which subwatersheds 
should be focused on remediation and 
prevention. 

PBS-Pennichuck Low (5%) 
Brook to Supply --I=- - -  . 
Pond 
PBB-Pennichuck I High (16%) 
Brook to Bowers 1 - 

Pond 
PBH-Pennichuck I Low (6%) 
Brook to Holt I 
Pond 
PBP-Pennichuck I High (1  1%) 
Brook to 

Brook 
MI3 1 -Muddy I High (15%) 
Brook 
WBE-Witches Low (5%) 
Brook East 
WBS-Witches High (28%) 
Brook South 
WBN-Witches Low (6%) 
Brook North 
SPB-Stump Pond Low (6%) 
Brook 

Efforts 

High (18%) Remediation I 
High (10%) Remediation ---t--l 
Low (8%) Prevention T 

I 

High (10%) Remediation 

I 

Low (5%) Prevention 

I 

Low (7%) Prevention 
I 

Low (8%) Prevention 

Low (8%) Prevention 
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5.0 Pollution Sources 
Although SPB is identified as a major 
contributor of pollution, it is not 
identified as a priority for remediation 
efforts. This is due to the detention 
that Stump Pond and the other ponds 
in the chain provide before the 
pollutants reach Hams and Supply 
Ponds. Results of the modeling show 
that removal of phosphorus in SPB 
will not have a sigNficant impact on 
the water quality in Hams or Supply 
Ponds. However, as the ponds fill in, 
this detention will be minimized and 

more pollutants will 
reach the intakc, at 

Prevention efforts are which point remedial 
efforts may be 

typically much lower cost necessary at SPB. 

than remediation efforts. This points out the 
importance of 
prevention efforts, 
which are typically 

free or very low cost as opposed to 
expensive remediation efforts. 

Specific non-point pollution sources 
identified in the Pennichuck 
watershed are provided below along 
with the threats they pose to the 
reservoir. 

Industrial and commercial land 
uSeS 

Industrial and commercial land uses 
contain potential sources of pollution 
due to the larger impervious areas that 
contribute greater stormwater surface 
runoff. Impervious areas increase the 
volume and velocity of flow. Water 
can not infiltrate into the ground so 
sediment and attached pollutants in 
this flow are increased. These sources 
generafly also have a stomwater 
collection and discharge system that 
carry stormwater and its pollutants 
directly to a tributary or pond. 

In addition to typical airborne 
particulates and pollutants that collect 
on impervious surfaces, industrial 
sites may also contribute other forms 
of pollutants such as hazardous 
materials. For example, if a spill 
occurs during dock loading and 
unloading and is not contained and 
cleaned immediately, residual 
contamination may introduce 
contaminants into stormwater during 
rain events. There may also be 
contaminants from stack emissions. 

Dense residential land uses 

Potentially large contributorj to 
pollution are sewered and unsewered 
dense residential and commercial 
areas close to the ponds and 
tributaries. Each of the towns was 
contacted to help identify which areas 
of the watershed are sewered (Figure 
5-3). All of Nashua and 
approximately 42% of the roads in 
Menimack that fall within the 
watershed are sewered. Neither Hollis 
nor Milford have any roads that are 
sewered within the watershed. 
Amherst does not have a sewer 
system, however, Route 101A, which 
has commercial areas is sewered (this 
colnprises approximately 10% of the 
Amherst portion of the watershed). 
Sewered and non-sewered areas are 
differentiated because they represent 
different types of threats. 

Unsewered residential areas rely on 
individual septic systems for 
wastewater treatment. Significant 
water quality problems have been 
associated with septic systems if there 
is a lack of adequate soil for treatment 
andor high ground water levels 
andor shallow depth to bedrock. 

Septic systems located closer to 
Pemichuck's water supply have a 
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5.0 Pollution Sources 
greater chance of contributing 
microbiological contaminants such as 
bacteria and viruses and nutrients 
such as nitrogen and phosphorus 
through entrainment in runoff (in 
cases where there is a breakout of 
effluent on the ground surface), or 
through the contribution of 
contaminated groundwater baseflow 
to the ponds. 

Other concerns include bedrock 
outcrops or areas with a lot of stones, 
steep slopes, and low lying areas 
exhibiting signs of influence of 
surface water runoff. These areas may 
adversely affect the functioning of the 
systems, increasing the chance of 
pathogens entering the system. This is 
a typical problem in older 
"grandfathe red" systems, but is 
usually not a sipficant concern in 
newer systems that now meet 
standards that are more rigorous. 

Densely populated commercial and 
residential sewered areas, as seen in 
Nashua, often contribute significantly 
to pollution to a watershed. Possible 
sources of pollution in sewered areas 
include large impervious areas, 
contamination ftom automobiles, 
possible breaks in sewer lines, 
intensive 1 excessive lawn care 
practices, car wmhing (both 
commercial and home), and pet 
wastes among others. Together, these 
potential pollution sources typically 
contribute si&cant levels of 
bacteria and nutrient loadings to the 
receiving water body by duect 
overland runoff or through 
stormwater collection systems. 

Densely populated areas such as the 
residential areas in Nashua, are 
considered a more significant threat, 
due to increased imperviousness 

which in turn increase the surface 
water runoff and pollutants canied 
into the Supply Pond chain. 

Intensive aariculture 

Agricultural farms and animal waste 
also contribute pollutants to the 
watershed. The land use types of 
concern include nurseries, golf 
courses, and farms. These sites were 
identified because of the potential 
threat of pollutant9 
from animal wastes 
or the application of 
pesticides and Densely populated 
fertilizers. These commercial and residential 
applications may areas may contribute 
result in the 
discharge of significonfly to water 
rniaobiolo~ical quality problems. - 
contaminants, 
nutrients, and toxic 
materials that could lessen the quality 
of the water supply. Pets in dense 
residential areas also have the 
potential to increase microbiological 
contaminants and nutrients to the 
reservoir. Agricultural uses in the 
watershed are indicated on the 
pollution sources map, F~gure 5- I .  
Also included on this map are areas 
where there is known pesticide use. 
There are no golf courses or nurseries 
in the watershed, however, there may 
be in the future. 

Tranmortation activities 

Transportation spill risks in each of 
the towns were also identified. 
Transportation spills are most likely 
to come from the roadways or 
railways that intersect a tributary to 
the water supply or the supply itself. 
Another source is airports. If a spill 
occurs at these locations, there is little 
time to take remedial action before it 
enters the supply. The major roadway 
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6.0 Existing 
Measures 

Protection 

In addition to thc regulatory - 
measures discussed in Section 3, 
there are many existing protection 
measures in place by Pennichuck 
Water Works and the local 
municipalities. This section provides 
information on: 

local regulatory controls 
including land use controls, 

regulatory controls, and 

land ownership, and other 
protection measures. 

Additionally, the chain pond system 
lends natural protection to the water 
quality of the ponds by allowing 
pollutants to settle out through the 
natural detention that is offered. 
Unfortunately, this source of 
protection has decreased as the ponds 
fill in and sediments may eventually 
become a source of pollution. 

6.1 Regulatory 
Protection 

Local regulations help protect the 
Pennichuck watershed by controlling 
land use activities and luniting 
development in the watershed. 
Controls include zoning bylaws and 
ordinances, subdivision regulations, 
site plan reviews, and protection 
overlay districts. 

Zoning 
Zoning can be a usefd protection 
measure by controlling the future 
development of specific areas. The 
degree of protection zoning provides 
is directly related to the type of 
zoning allowed within the watershed 
For example, land uses with large 

Section Contents 
6.1 Regulatory Protection -----6-1 
6.2 Town Wide Land Use Controls 

- - 
6.3 Land Ownership ................ 6-1 5 
6.4 Pemichuck Water Works.6-15 

impervious areas, such as 6.5 Town Ownership .............. 6-16 
commercial and industrial areas, arc 6.6 Other Protwtive Measures6-17 

expected to contribute more 
stormwater runoff, which in turn 
results in a degradation of water 
quality due to the pollutants carried 
in the stormwater. Thus, areas zoned 
conservation will provide more 
protection than areas zoned 
industrial. 

The most desirable zoning is 
conservation since it minimizes the 
impervious fraction of land and 
buffers the ponds from stormwater 
pollutants. Next is low- 
density residential 
zoning (>2 acre lots) 
which is also relatively 
desirable from a water 
quality standpoint, since 
the impervious area is 
kept to a minimum. As 
residential zoning 
becomes more dense 
(less than one acre lots) 
water quality impacts 
tend to increase from 
more cars, more roads, 
more pets and other 

The chain pond system 
provides the best 
protection through natural 
detention. Open space, 
forested lands and low 
density residential zoning 
also provide some 
protection. 

sources of waste material. The least 
desirable zoning classifications are 
commercial and industrial, as these 
tend to have large parking lots and 
greater amounts of impervious areas 
resulting in large contributions. They 
also tend to produce the largest 
amounts of "unfiltered" s to~m water. 

Zoning information was automated to 
produce a composite zoning map for 
the entire watershed (Figure 6- 1). 
Zoning information fiom the five 
cities/towns was aggregated into the 
following categories: residential A 
(>2 acre lots), residential B (112 - 2 
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6.0 Existing Protection 
Measures 
acre lots), residential C (< 112 acre 
lots), planned unit development, 
commercial, industrial, agiculture 
and business, residential and 
agriculture, and recreational. 

Zoning can provide a good overview 
of the watershed and signifies 
buildout conditions, but in order to 
determine more effectively the area 
of protection already in place within 
the watershed, current planning 
restrictions can affect the outcome. 
For instance, when industrial and 
residential zoned lands are slated for 
development, concessions to provide 
buffers or other restrictions may be 
sought by local Boards, since the 

impacts on the 
environment and 
infrastructure may be 

Subdivision regulations significant. 

can encourage cluster 
develomneni which tends 
to minimize 
imperviousness. 

Regulations 
Subdivision 
regulatiom play an - A - 
important role in 

providing protection for the 
watershed. They are enacted to 
protect the safety, convenience, and 
welfare of the inhabitants of the 
towns they relate to. Although they 
are not specifically geared towards 
protecting the water supply, many 
limit septic system use andlor 
development within areas of poorly 
drained soil; some require an 
environmental impact review; many 
require open space in any new 
develop~nents, reducing the amount 
of impemious areas; stormwater 
runoff and drainage is tightly 
monitored; and in many cases, 
developmen~q are not allowed in 

places subject to flooding, poor 
drainage, or other hazardous 
condhons. 
One way subdivision regulations can 
help protect natural resources is by 
encouraging cluster development, 
which requires the use of open space, 
decreasing the amount of impervious 
area and as a result, will also 
decrease stormwater ~ollution. 
Another method is to require that 
post-development groundwater 
recharge be equal to or exceed 
predevelopment discharge. 
Provisions included in the 
subdivision regulations for each of 
the t o w  is discussed in more detail 
below. 

Site Plan Review 
Site Plan Reviews offer a different 
type of protection. Site Plan Reviews 
are required for any significant 
development in all towns of the 
watershed. The intent is to encourage 
a desirable and compatible character 
of development within the towns. 
Most of these center on residential 
development and require an 
environmental impact study prior to 
construction. In most cases Site Plan 
Reviews require that developments 
provide adequate provisions for 
environmental factors such as 
pollution, odor, noise: and the 
protection of natural features and 
sediment and erosion control. 
Adequate provisions for solid waste 
and wastewater disposal are also 
required. 

Protection Overlay Districts 
Protection Overlay Districts provide 
specialized protection of wetlands, 
floodplains, water supplies, aquifers 
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andior watershed protection. Each 
town within the Pemichuck 
watershed has specific overlay 
dstricts that provide additional 
protection for critical areas andior 
resources within their towns. Where 
land in the watershed falls under 
these overlay districts, the protection 
may be increased. 

Septic Systems 
Septic systems are potential pollution 
thrcats, but if maintained properly, 
and set back from surface waters, the 
risk is si,.nifkantly reduced. Both 
state and local septic system 
regulations are written to ensure t h s  
protection. Current septic system 
regulations w i t h  all the towns do 
not allow septic systems in 
inadequate soils. Some of the older 
septic systems however, may be 
ineffective, particularly for 
conunercial 1 industrial use or in 
densely populated or shoreline areas. 

The NU Code of Administrative 
Rules, Env-Ws 1008.03 states that 
the minimum setback distance of a 
septic tank from surface water must 
be 75'. In addition to this each town 
has additional regulations regarding 
the use of septic systems. 

Amherst, Milford, and Hollis all 
require approval of the NH 
Water Supply and Pollution 
Control for any proposed septic 
system. 
Merrimack's zoning ordinance 
states that all septic systems must 
be placed on the least severe 
soils on the lot. Also, septic 
systems cannot be located less 
than 20' from any property line. 

W i t h  its residential districts, 
Milford requires larger minimum 
lot sizes where there is no access 
to public sewer. Lot sizes arc 
also required to be larger where 
there are more severe soils. 
There are additional regulations 
regarding setbacks to the town 
wells, however. there are no 
additional setback requirements 
for other bodies of water. 
The Town of Hollis does not 
allow the placement of septic 
systems within 75' of the edge of 
a public body of 
water or from a 
well. They also 
require that soils The undeveloped land 
are adequate to surrounding the water 

~ u p p l y ~ r o ~ i d e s a n a t u r a l  
septic systems. 
Nashua has a buffer. 
minimum lot size 
requirement of 40,000 square 
feet where individual septic 
systems are proposed. 

6.2 Town Wide Land 
Use Controls 

The zoning and subdivision 
regulations of each cityltown were 
reviewed to determine the amount of 
protection provided through each of 
the citiesltowns that make up the 
watershed. A review of the land use 
and zoning maps (Figures 2-2 and 6- 
I respectively) reveals that much of 
the watershed is currently vacant or 
residentially developed (>2 acre lots) 
andlor zoned land. In addition, much 
of the land surrounding the water 
supply is owned and protected by 
Pennichuck Water Wo~ks, providing 
a natural buffer between the water 
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6.0 Existing Protection 
Measures 
supply source and the developed 
areas of the watershed. However, a 
review of the zoning map reveals that 
considerably more dense 
development could be allowed 
through much of the watershed in the 
future. 

Table 6 1 shows the percentage of 
each zoning designation in the 
watershed along with the level of 
potential protection it provides. The 
land directly abutting the ponds, 
brooks and streams are the most 

susceptible to 
pollution that leads 

Amherst requires that all 
to poor water 
quality. - - 

drainage must be carried 
to existing watercourses. In Menimack, 

roughly 43% 
of the land 

abutting the water supply is 
residential >2 acre lots, 36% is 
zoned industrial, and 2 1 % is 
zoned commercial. 
In Nashua, 47% of the land 
abutting the ponds and streams is 
zoned residential 112 - 2 acre 
lots, I I% is zoned residential 
<I12 acre lots, 36% is zoned 
industrial, and 6% is zoned 
commercial. . In Hollis, the land directly 
abutting the ponds are zoned as 
recreation, the lands surrounding 
the streams are zoned residential 
and agriculture or residential > 2 
acre lots. 
A small portion of Witches 
Spring Brook travels through an 
industrial zoned area of Amherst. 
S tump Pond and its tributaries 
are surrounded by residentially 
zoned areas > 2 acre lots. 

There is one stream within 
Milford that travels to the water 
supply. The land surrounding it 
is zoned residential 112 to 2 acre 
lois and is sparsely populated at 
this time. 

Each of the towns' specific 
regulations is discussed in more 
detail below. 

Amherst 
Amherst divides its zoning bylaws 
into 13 types; Aquifer Conservation 
District, Commercial Zone, Flood 
Plain Conservation District, General 
Ofice, Historic District, Industrial 
Zone, Limited Commercial Zone, 
Northern Rural Zone, Northern 
Transitional Zone, Planned Ofice 
Development, ResidentiaL'Rural 
Zone, Wetland Conservation District, 
and Watershed Protection District. 
The land within the Pennichuck 
watershed is zoned as 
ResidentialIRural, Industrial, and 
Commercial. 

Subdivision Reaulationz 

Any new development requires a 
review of the impact on the 
environment and water supply. 
Any proposed septic system 
requires the approval of the NH 
Water Supply and Pollution 
Control. 

* Alteration of any natural man 
made water course requires the 
approval of the NH Special 
Board or Zoning Board of 
Adjustment. 
Open space may be required in 
the residentially zoned areas of 
town. There is a provision within 
the subdivision regulations that 
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Percent of 
Watershed 

Residential - > 2 acre lots 

Residential - 112 - 2 acre I 6.4 
lots 

Residential - < 112 acre 

Development 

Commercial 

Recreation 

ResidentialIAgriculture 

2.4 

31.5 

Level of Protection 

Industrial 

Less dense residential lots provide less impervious 
areas for runoff to flow over. Of the three residential 
zones, this one is most preferable. 
Residential zoning is preferable over industrial and 
commercial due to the amount of impervious area 
provided. The less dense the lots, the better the 
protection. 
Both dense residential and planned unit development 
areas have a greater amount of imperviousness than 
other residentially zoned areas. Since there is 
relatively little dense residential zoned areas in the 
watershed, these not pose a significant threat at 
present. 
Recreational uses often come with vast areas of open 
space or forest, which provide a buffer for potential 
pollutants to travel through prior to reaching the 
streams. 

18 

Residential agricultural land is the highest zoned area 
in the watershed. This zone provides some protection 
in that the residential lots cannot be less than 2 acres. 
If agricultural lands are well maintained and best - 
management practices are used, this land will provide 
a good amount of protection. 
This land probably does not pose a significant threat 
because there is so little of it in the watershed. The 
zone is located in Hollis, on the border of Amherst. As 
it is not located adjacent to any streams the level of 
protection is good. 
Commercial and industrial lands provide little 
protection in the watershed. Impervious areas tend to 
be great, increasing the volume and velocity of runoff 
to the streams. State and local regulations provide 
some protection from industries and commercial areas, 
but the overall impact tends to be negative unless 
significant measures to reduce imperviousness and 
infiltrate stormwater from roofs and parking lots are 
taken. 
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states that if the Board deems it 
essential, a final plan must show 
an area of open space, not to 
exceed 15% of the total area of 
the land. 
Drainage must be carried to 
existing water courses. 
Excavation of soils is allowed 
with a permit in any district 
except the Historic District and 
the Wetlands Conservation 
District. 
Special Exceptions to the 
regulations are permitted as long 
as the proposed use will not 
adversely affect the groundwater 
of Amherst, particularly in the 
Aquifer Conservation District. 
Uses permitted by special 
exception include religious, 
nursing homes, elderly housing, 
multi-unit housing. private 
schools, hospitals, cutside 
storage of equipment and 
materials, outside recreation, 
professional offices, fimeral 
homes, sawmills and kernels. 
N1 land to be subdivided must 
be adequate for building without 
endangering the public health, 
safety or the environment. 
Land subject to flooding, poor 
drainage, or other hazardous 
conditions cannot ordinarily be 
subdivided. 

of the tract is required for open 
space. 
Mobile homes are allowed in all 
residentially zoned areas. 
A "right to farm" ordinance is 
included to protect farms and 
farming. Farming is permitted in 
all residentially zoned areas. 
Non-Residential Site Plan 
Reviews requirc adequate 
provisions for environmental 
factors such as pollution, odor, 
noise, and the protection of 
natural features. Adequate 
provisions for solid waste and 
wastewater disposal are also 
required. 

Zonina Bvlaws 1 Protection 
Districts 

Floodplain Protection District: 
Permitted uses within the Floodplain 
Protection District, which do not 
result in the erection of any structures 
include: minor fences, docks, 
wharves, and boathouses; agriculture; 
forestry; recreation; golf; parking 
lots; driveways and roads; or other 
recreational use such that it does not 
contribute to pollution of ground or 
surface water; damage or destroy 
habitats; or disturb or reduce the 
natural cleansing features of the 
wetlands, streams, and floodplain 

* Land inadequate for sanitary areas. 

sewage disposal camot be 
subdivided 
The preservation and protection 
of existing natural features 
should be given due regard. 
Planned residential developments 
allow for somewhat denser 
development than would 
otherwise be allowed. Open 
space is encouraged, at least 40% 

Wetland Redations: Wetlands are 
identified as poorly drained or very 
poorly drained soils. The intent of 
this regulation is to prevent the 
development of buildings and land 
use on naturally occuning wetlands 
which would contribute to the 
pollution of surface or ground 
waters; and to prevent the destruction 
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of natural wetlands whch provide 
flood protection, recharge of 
groundwater supply, and 
augmentation of stream flow during 
dry periods. No wetland may be used 
to satisfy minimum lot requirements; 
no septic tank or leach field may be 
located closer than 75' to any 
wetland; and no structure shall be 
located within 50' of a wetland. 

Water Pollution Conbol Regulations: 
These regulations are provided to 
prevent pollution in the water supply, 
surface and ground waters of the 
town by inadequate sewer or waste 
disposal systems. No buildings with 

on-site discharge 
are allowed 

Hollis requires that all new without prior 

subdivisions have 
provisions for 

approval from 
the town, and the 
NH Water - - 

sedimentation and erosion Pollution Control ~ ~ 

control. Commission. 
Procedures for 
test pits, perc 

tests, filling, installation and other 
specific requirements are included in 
these regulations, which are stricter 
than state regulations. 

Watershed Protection District This 
district is provided to control 
building and land use to prevent 
pollution of surface and ground water 
and to prevent the destruction of 
watershed areas that provide flood 
protection, recharge of groundwater 
supply or stream flow during dry 
periods. No septic systems and no 
buildings are allowed to be 
constructed within the watershed 
protection district. 

Aquifer Conservation District This 
is to provide for the protection of the 
water resources from contamination 
by polluting hazardous, or toxic 
materials. The discharge of 
hazardous or toxic waste from 
industrial and commercial buildings 
is prohibited. Other prohibited uses 
include the outdoor storage of salt or 
deicing chemicals; solid waste or 
septage disposal sites; automotive 
repair shops; junkyards; on-site 
storage of hazardous or toxic 
materials; residential USTs; and 
filling stations or gas stations. 
Monitoring wells must be installed 
and tested for compliance with 
Drinking Water Standards monthly 
on industrial and commercial 
properties. The Board of Health 
controls the use of pesticides, 
herbicides, fertilizers, etc. No more 
than 70% of any lot may be rendered 
impervious within this district. 

Hollis 
Hollis divides its zoning bylaws into 
11 different districts, the Agricultural 
and Business Zone, Flood Plain, 
Historical Center Zone, Industrial 
Zone, Mobile Home Zone, 
Recreational Zone, Residential and 
Agricultural, Rural Lands Zone, 
Trailer (Mobile Home) Park Zone, 
Water Supply Conservation Area, 
and Wetland Conservation Areas. 

The land in the Pcnnichuck 
watershed is zoned as Rural Lands, 
Residential and Agricultural, 
Agricultural and Business, and 
Recreational. 
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Subdivision Reaulations commercial areas used for 

All subdivisions require a Site 
Plan Approval with provisions 
for erosion and sedimentation 
control. 
Drainage must be carried to 
existing watercourses. 
Open Space and Planned 
Development is included to 
provide for a more efficient use 
of land while protecting existing 
and potential water supplies, and 
while promoting the preservation 
of open space, farmland, 
recreationares, green space, 
fields and woods, valuable 
wildlife habitats, and natural and 
historic features. 
Soils must be adequate to handle 
individual septic systems. 
Excavation is prohibited within 
the water supply conservation, 
agriculture and business, 
recreational, historical, trailer 
park and mobile home districts. 
Excavation is also prohibited 
where it would pose a threat to a 
known major water supply; and 
beneath or adjacent to inland 
surface waters such that state and 
federal agencies require a permit. 
Uses permitted in the Mobile 
Home Zone, other than mobile 
homes, are farms, the sale of 
farm products, stables, 
subsidized housing for the 
elderly, open space and planned 

commercial purposes shall 
occupy no more than 50% of the 
lot upon which they are located. 
Twenty percent of the total lot 
area must be landscaped open 
space. No outdoor storage of any 
material shall be permitted, 
except within enclosed 
containers andlor visually 
screened areas. 
A recreational zone exists within 
600' of the shores of Silver Lake, 
Pennichuck Pond, and Rocky 
Pond. This zone is 
intended to allow 
residential and 
recreational Hollis subdivision 
development around regulCYti0n~ call for 
local bodies water stormwater to be carried to 
while protecting water 
quality and the existing watercourses. 
recreational aspects of 
the area. Permitted uses include 
single and two family dwellings; 
farming; open space and planned 
development; condominiums; 
and home occupations. Publicly 
owned parks, playgrounds, golf 
courses, pools, and libraries as 
well as privately owned golf 
courses; country clubs; pools; 
tennis courts and fishing lakes 
and clubs are acceptable with a 
Site Plan Approval from the 
Planning board w i b  this 
district. 

developmenf condominiums, 
and home occupations. Zonina Bvlaws / Protection 

Any development for the elderly Districts 

must be within one mile of the - Open Space: Buildings in the 
Town Monument. industrial and commercially zoned 
Land along Silver Lake Road and districts cannot occupy more than 
Arnes road is zoned Agriculture 50% of the lot they are located on. 
and Business. Buildings in the 
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Floodplain Protection District: 
Assurance must be provided to the 
Building inspector that water and 
sewer systems are designed to 
minimize or eliminate infitration of 
flood waters into the system or 
discharge of wastes into the flood 
waters. On-site disposal systems 
must be located to avoid impairment 
to them or contamination from them 
during periods of flooding. Section 
404 of the Federal Water Pollution 
Control Act must be complied with. 
Prior to the alteration or relocation of 
a watercourse, the Wetlands Board of 
the NH Department of 
Environmental Services must be 
notified. 

Along watercourses with a designed 
Regulatory Floodway no 
encroachments, including fill, new 
conshction, substantial 
inlprovements, or other development 
are allowed within the floodway that 
would result in any increase in flood 
discharge. 

Industrial: Prohibited uses in the 
Industrial Zoned districts include: 
abattoir operations, any use which 
consumes large quantities of water or 
which requires special waste 
treatment; cremation; electroplating; 
industrial fermentation; kiln firing or 
drying of materials other than wood; 
leather tanning or processing; 
manufacture, compoundiig, or 
processing of chemicals; 
manufacture of charcoal; 
manufacture or compounding of 
solvent, water or oil based paints, 
varnishes or coatings; petroleum or 
tar refining or processing; recycling 
of metals, organic, or inorganic 
chemicals; smelting or melting of 

metals and ores; synthesis or 
blending of artificial or natural 
fertilizers; and stockyards and feed 
lots. No waste may be stored which 
may cause the leaching of chemicals 
or other pollutants into the 
surrounding water table or surface 
runoff, or the emission of toxic or 
harmful gases within these areas. 
Fluid discharges from the plants must 
be adequately treated so as not to 
pollute the surrounding water table or 
surface runoff. 

Wetlands: Structures and fill 
activities are prohbited in wetland 
areas. No septic tanks or leach fields 
are to be located within 75' of a 
wetland boundary. No residential, 
commercial, or industrial use will be 
allowed that requires the filling of 
wetlands. 

Water Supply Conservation District: 
The only uses permitted in this zone 
are single family dwellings, forestry, 
and wildlife refuge. No septic tank or 
leach fields are allowed within l5O' 
of a wetland or other standing water. 

Aquifer Protection Zone: This is an 
overlay intended to protect, preserve, 
and maintain existing and potential 
ground water supply and ground 
water recharge areas. Prohibited uses 
include the handling, treatment, 
storage, and disposal of hazardous 
wastes; subsurface storage of 
petroleum; disposal of solid waste or 
liquid or leachate wastes; storage of 
road salts; dumping of snow; 
commercial animal feedlots; 
excavation of sand or gravel; auto 
repair shops or junk yards. 
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6.0 Existing 
Measures 
Merrimac k 

Protection 

Merrimack divides its land into 12 
zones: Residential District, Limited 
Commercial District, General 
Commercial District, Industrial 
District (3 types), Wetland 
Conservation District, Flood Hazard 
Conservation District, Elderly 
Zoning District, Planned Residential 
District, Aquifer Conservation 
District, and the Shoreland Protection 
District. 

Within the Pennichuck watershed, 
Merrin~ack is divided into 
Commercial, Residential, and 
Industrial Districts. 

Subdivision B.egula tions 

A Site Plan Review is required 
for all developments other than a 
single residential dwelling. 
Cluster Residential 
Developments are used to 
promote the conservation of the 
natural environment, and to 
promote uses in harmony with 
the natural features of the lands. 
Wetland and flood plain areas are 
not to be included as buildable 
acreage within this district. 
Public water and sewer must 
serve all dwellings within this 
zone. Provisions are included 
that require the protection of the 
environment from factors such as 
pollution, noise, and odor. 
Mobile home parks are allowed 
in any residentially zoned 
district. 
Elderly housing must be located 
within 1 mile from the 
intersection of Daniel Webster 
Highway and Baboosic Lake 
Road, or within a 2-mile radius 

of the intersection of Daniel 
Webster Highway and Baboosic 
Lake Road east of the turnpike. 
Public water and sewer must 
serve dwelling units. 
Planned Residential 
Developments are intended to 
allow higher density housing in 
areas where public water and 
sewer are available. Provisions 
are included for environmental 
factors such as 
pollution, 
kise, odor and M errim ac k requires 
the protection 
of natural land stormwater from closed 
features. No pipe s ~ W C ~ U ~ ~ S  to flow 
septic systems &long a grassed swale 
are allowed in 
these districts, before discharging to a 
Underground wetland or water body. 
storage tanks 
are prohibited 
in all areas unless suitable 
secondary barriers and automatic 
alarm systems are provided. 
Excavation is permitted pursuant 
to Chapter 155-E Sections 1-11 
inclusive of the NH Revised 
Statutes Annotated. 
Proposed individual septic 
systems require approval from 
the NH Water Supply and 
Pollution Control Commission. 
Septic systems must be located 
more than 20' Gom the property 
line and placed on the least 
severe soil on the lot. 
Closed storm drainage systems 
with an outfall into a wetland or 
water body are required to flow 
along a gassed swale prior to 
outfall. 
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6.0 Existing Protection 
Measures 
Zonina Bylaws I Protection Aquifer Conservation District The 
Districts purpose of this district is to protect 

Shoreland Protection District This 
district includes all land located 
within 250' of the reference line of 
surface waters including but not 
limited to Bowers Pond, Holts Pond, 
Hanis Pond, Pennichuck Brook, and 
Pennichuck Pond. Prohibited uses 
include salt storage sheds, junk 
yards, solid or hazardous waste 

facilities; the use 
of fertilizer; bulk 
storage of 

In Merrimack, fhe chemicals; sand 

develo~er  is res~onsible and gravel 

for paying for all excavations; and 
snow dumps. 

downstream drainage 
improvemenfs necessary Whereexisting, 

natural woodland for handling fhe addifional buffers must 
flow of the drainage from a remairl within 150' 

subdivision. of the reference 
line (high water 
mark). The 

leaching portions of septic systems 
should be set back from the reference 
line at least 75'-125' depending on 
the soils of the area, whether or not 
there is a natural woodland buffer. 
Erosion and Sedimentation Control is 
required in the district; disturbance of 
a contiguous area greater than 50,000 
square feet requires a permit from the 
NH DGS. New lots with on-site 
water or sewage must have a 
minimum frontage of 150' from the 
shoreline whether or not there is a 
woodland buffer. No building shall 
be located within 50' of the shoreline. 
Imuervious areas cannot exceed 

and preserve the existing 
groundwater supply and recharge 
areas of the town. Industrial and 
commercial uses are allowed 
provided no on-site discharge occurs. 
Prohibited uses include the disposal 
of solid, liquid and leachable wastes; 
USTs within 1000' of an existing 
municipal well; outside storage of 
road salt; snow dumps; commercial 
animal feed lots; mining of land; on- 
site despoil or processing of 
hazardous waste; auto repair shops or 
junk yards; underground blush or 
stump dumps; trucking and bus 
terminals; airports; and car washes. 
All subdivision proposals and site 
plan reviews must be reviewed by the 
planning board to assure that the 
proposed use is consistent with the 
need to protect the groundwater and 
the sewer systems are designed to 
minimize or eliminate leakage or 
discharges from the system. The 
Conservation Conmission is also 
required to review developments 
within the Aquifer Conservation 
District. 

This District was recently modified 
in terms of area covered and 
restrictions. New regulations are 
currently in process. 

Junkvards : New junkyards are 
prohbikd unless provision is made 
for monitoring wells of surface and 
subsurface groundwater for 
hazardous waste andor toxic 
substances. 

20%. Agriculture uses are permitted Wetland District: No 
provided best management practices ,,,mction is allowed within the 
are conformed to. district. Permitted uses include 
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6.0 Existing Protection 
Measures 
forestry; agriculture; water Subdivision Reaula tions 
impou&n&s; drainage ways; All subdivision proposals will 
conservation areas; parks; wildlife undergo a plarming board review 
refuges; open space; streets and and require an environmental 
utility rights of ways if necessary. im~act  statement. 

Flood Hazard Conservation District: 
Restrictions in Zone A flood area 
include prohibiting construction and 
the use of fill that would cause any 
increase in the base flood level. The 
removal of soils is prohiiitcd All 
industrial chemicals or hazardous 
materials located in the A zone shall 
be stored in flood proof containers or 
stored at elevations higher than the 
100 year flood. Those located in the 
B zone should be stored at elevations 
higher than the 500 year flood 
elevation. 

Open Space: No more than 50% of 
the land reserved as open space shall 
be wetlands or swamp areas. There is 
also a section within the ordinance 
that encourages the preservation of 
existing features. 

Milford 
Milford is divided into 7 districts 
with 3 overlay districts. The seven 
districts include Residence A, 
Residence B, Residence R, 
Commercial, Indusbial, Limited 
Commercial, Integrated 
CommerciaVlndustrial District. The 
overlay districts include the Aquifer 
Protection District, the Wetland 
Protection District, and the 
Floodplain Management District. 
Land within the watershed in Milford 
is Zoned as Residence A, and 
Residence R. 

A soil erosion and sedimentation 
control plan is required for all 
site plans and subdivisions. 

* Any proposed septic system 
requires approval from the NH 
Water Supply and Pollution 
Control Commission. Adequate 
information must be provided to 
ensure that soils are suitable to 
handle a septic system. 
In developments where septic 
systems are proposed, a soil 
scientist is required to determine 
the suitability of the soils. A 
4000 square foot designated 
leachfield area or an area two 
times the required size must be 
reserved on each lot. Leachfields 
must be set back 100' from any 
water body. 
The alteration of any natural or 
man made water course requires 
approval from the NH Special 
Board or Zoning Board of 
Adjustment. 
The board may require a park 
(open space) before approval of a 
plan if it deems it necessary. 
High Intensity Soil Maps are 
required to be provided for 
wetland, septic, or drainage 
reasons. 
A permit is required for the 
removal of earth on any lot. 
Mobile home parks are allowed 
where adequate water and sewer 
facilities exist. 
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6.0 Existing Protection 
Measures 
Zonina Bvlaws / Protection 
Dis tric is 

Special Flood Hazard Areas: All 
development proposals will be 
reviewed to determine whether such 
proposals will be reasonably safe 
from flooding. 

Residentially Zoned (A&B) - Uses 
specifically prohibited in the 
residentially zoned areas include 
manufactured housing, solid waste 
disposal sites, junk yards, and 
communication towers. Lots not 

serviced by both 
municipal sewer 

Milford requires that in the and water must 

Aquifer Protection District, ~~~~~f~~ 

the onsite discharge of square feet or 
stormwaterbemaximized largerde~ending 

on soil and slope through leaching catching conditions. 

basins, piping and 
detention ponds. Oven Space - 

Open space is 
required except for 

in single family and two family 
dwellings. At least 30% of a lot area 
must be deemed open space. 

Residential R - Uses excluded in this 
section are the processing of natural 
resources and junk yards. The 
purpose of this zone is to provide for 
scattered, low-density development, 
primarily residential andor 
agricultural. 

Cluster Open Space Developments - 
The intent of these developments is 
to promote the conservation of the 
natural environment and the 
development of community uses in 
harmony with the natural features of 

the land. These are permitted in 
residentially zoned areas of the town. 
Cluster developments must be 
constructed on land at least 5 acres in 
size if both municipal water and 
sewer are available and on at least 20 
acres of land if both municipal water 
and sewer are not provided. In no 
case is the minimum lot size required 
less than that necessary to ensure 
adequate sewage disposal and water 
supply according to natural site 
conditions of soil type and slope of 
land. At least 50% of the total tract 
area must be reserved as common 
open space. 

Aquifer Protection District - This 
district is provided to protect, 
preserve and maintain the existing 
and potential groundwater supply and 
groundwater recharge areas within 
the town; to conserve the natural 
resources of the town; and to prevent 
pollution of the environment. Many 
uses are prohibited in this district 
such as: disposal of solid waste; 
disposal of liquid or leachable waste, 
discharge of contact type process 
waters on-site; outside unenclosed 
storage of road salt; dumping of 
snow containing deicing chemicals; 
commercial animal feedlots: on-site 
disposal or processing for recycling 
of hazardous or toxic materials or 
liquids; junk yards; filling stations; 
and tank farms storing petroleum 
andlor toxic materials. 
All subdivision and site plan 
approvals are contingent upon 
consistency in protecting the 
groundwater of the town and 
adjacent communities; sanitary 
sewers are designed to minimize or 
eliminate leakage or discharges &om 
the system; on-site waste disposal 
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6.0 Existing Protection 
Measures 
systems are located so as to avoid 
groundwater and environmental 
contamination; streets, roads, etc are 
conshucted so that only minimum 
direct application of road salt is 
required for winter safety and so that 
runoff is channeled to minimize 
groundwater contamination; floor 
drains must be connected to the 
sanitary sewer system; outside 
storage of hazardous material shall 
not be directly exposed to the 
elements and shall be approved by 
the fue and building depariments. An 
environmental impact statement may 
be required and a fire department 
approved, hazardous material 
contingency plan dealing with the 
storage and handling of toxic 
materials must also be developed. 

Wetlands Conservation District - The 
purpose of this district is to protect 
the wetlands and their buffer zones; 
to reduce sedimentation of wetlands 
and bodies of water; to aid in control 
of non-point pollution; to provide a 
vegetative cover for the filtration of 
runoff; to protect fish and wildlife; 
and to control the development of 
land, structures and land uses that 
contribute to the pollution of surface 
and groundwater. No construction is 
allowed within 25' of the edge of 
wetlands. No construction within 50' 
of ponds and watercourses. 

Permitted uses include: conservation 
areas, nature trails and wildlife 
refuges; parks and recreational areas; 
open space; forestry and tree 
farming; agriculture; and monitoring 
wells for observation purposes. Uses 
permitted in buffer areas only 
include: seasonal docks, buildings 
and structures not to exceed 120 

square feet and without plumbing 
and electricity; and potable water 
supply wells. Many other uses are 
permitted with a Conservation 
Commission Review, such as bridge 
crossings and filling or dredging of 
swamps and wet meadows. 

Floodplain Manapement District - 
This district is provided to minimize 
losses due to flood conditions. All 
proposed developments in this 
district require a special permit. 
Sanitary sewer systems must be 
designed to minimize or eliminate 
infiltration of flood waters into the 
systems and discharges ffom the 
system into floodwaters. Owsite 
waste disposal systems will be 
located to avoid 
impairment to them or 
contamination &om them 
during periods of Milford requires an erosion 
flood&. Prior to the and sedimentation control 
relocation or alteration of 
a watercourse the plan for all subdivisions. 
applicant must notify the 
Wetlands Board of the NH DES and 
the flood carrying capacity of the 
altered course must remain equal to 
the existing course. No new 
construction, substantial 
improvements or fd is allowed on 
designated regulatory floodways. 

Prior to developmenf applications 
will be considered for technical 
evaluations and standards including 
danger to life and erosion damage; 
importance of services provided to 
the community by the development; 
necessity of a waterfront location; 
availability of alternate locations; and 
safety of access in times of flood. No 
variance will be issued if there is an 
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6.0 Existing Protection 
Measures 
increase in flood elevation due to the 
development 

Nashua 
Nashua is also divided into many 
districts, districts including Rural 
Residence, A Suburban Residence, B 
Suburban Residence, C Suburban 
Residence, A Urban Residence, B 
Urban Residence, C Urban 
Residence, Local Business, General 
Business, Central Business, Highway 

Business, Park 
Industria 1, General 
Industrial, Auport 

Nashua can require Industrial, Historic 

studies fo defermine fhe Overlay, Planned 

effecf fhe proposed Residential 
Development 

subdivision may have on overlay, and 
fhe surrounding 
environmenf. 

~ i x e d  Use 
Overlay. 

under the Site Plan Review 
regulations. 
Open space may be required by 
the board in developments within 
the residentially zoned districts. 
Septic systems: individual lots 
must be 40,000 sq.fi. and at least 
500' fiom an existing gravity 
flow public sewer. Engineering 
data on soils, slopes and depth to 
bedrock, and perc rates are 
required by the board of health to 
ensure that potential pollution 
effects will not negatively effect 
the public health. 
The board of health must 
approve any subdi\lsion plans 
with regard to drainage, water 
supply and sewage prior to 
development. 
Excavation requires a special 
permit in residential and 
industrial areas and is prohibited 

Districts included elsewhere. 
in the Pennichuck 

Watershed are Planned Residential Zonina Bvlaws / Protection 
Development, General Business, Distric fs 
General Industrial, w o r t  Industrial, 
A Suburban Residential, B Suburban 
Residential. and C Urban Residence. 

Subdivision Reaulations 

The board may require studies to 
determine the effect the proposed 
subdivision may have on the 
surrounding environment. 
An approval letter from the NH 
Water Supply and Pollution 
Control is required to ensure that 
proper erosion and sedimentation 
control measures are adequate to 
prevent water pollution. 
The NH Wetlands Board must 
review and approve of plans 

Floodplain Development: Special 
exception permits are required for 
development in these areas. Pmper 
design must be included to prevent 
flood damage to structures and 
minimize the impact on water level. 

Wetlands: Protects the wetlands and 
habitat5 within. Many of the 
Pennichuck watershed areas are 
included as critical wetlands in tlus 
section. A fee of $400 is required to 
request a variance to fill wetlands 
andior floodplains. Common land 
requirements have provisions to 
protect wetlands and other natural 
areas. 
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6.0 Existing Protection 
Measures 

Mobile Homes: No disposal of 
sewage or other discharge of liquid 
waste is permitted unless piped 
directly to the city sewer line. No dry 
or chemical toilet is allowed unless it 
is sewer connected. 

Junkyards: Junkyards are only 
allowed in industrial areas with a 
special permit. 

6.3 Land Ownership 
Owning land for the purpose of 
conservation of natural resources is 
important to the protection of a water 
supply because it prevents 
development that has the potential to 
decrease water quality. Section 7 
contains a buildout scenario to show 
the effect complete development of 
the watershed will have on the 
quality of the water. 

Pennichuck Water Works and the 
local conservation commissions both 
own land within the watershed. The 
Society for the Protection of NH 
Forests owns land in some southern 
NH towns, but not within the 
Pennichuck watershed. 

6.4 Pennichuck 
Water Works 

Pennichuck Water Works owns some 
land surrounding Supply Pond, 
Hams Pond, Bowers Pond, and Holts 
Pond. Past use of Pennichuck's land 
holdings has been for the purpose of 
water quality protection. The land 
has been maintained in its natural 
vegetated state. Figure 6-2 shows the 

amount of protected land in the 
watershed. 

The buildout analysis in Section 8 
shows four scenarios, two with 
conservation land maintained as 
forested or open land, and two with 
conservation land allowed to develop 
into its zoning designations. There is 
not a significant difference in the 
pollutant load t o m  those with 
conservation and those without. This 
is because only the Pennichuck 
owned lands were maintained as 
conservation 
land in the 
buildout 
analysis, Owning land for the 
the quantity of purpose of conservation of 
land is natural resources is 
in comparison 
to what can be important to the protection 
built out. A of a water supply because ~. . 
more 
siguficant it prevents development 
difference that has the potential to 
would be decrease wafer quality. 
noted if the 
amount of 
conservation land owned by 
Pennichuck Water Works or others 
were larger. Although there is not a 
signficant difference in the 
phosphorus loadings t o m  the 
buildouts with and without 
conservation, the existing 
Pennichuck owned lands should be 
conserved to minimize the impacts of 
urbanization and to provide an 
adequate buffer to the chain ponds 
and their tributaries. 

However, should Pennichuck have to 
develop their land, the order in which 
they should sell, by subwatershed is: 
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6.0 Existing Protection 
Measures 

Muddy Brook, 
Pennichuck Brook to Holt's 
Pond; Nashua, south of Rte 
1OlA 
Pennichuck Brook to Pennichuck 
Pond 
Pennichuck Brook to Holt's 
Pond; Merrimack 
Pennichuck Brook to Bowers 
Pond; Nashua, south of Rte 
lOlA 
Boire Field Brook 
Pennichuck Brook to Bowers 
Pond; Menimack 

8. Pennichuck Brook 
to Supply Pond 

There is a significant level Note, hourever, that 
of protection provided by there is an expected 

bdth the fennichuck 
owned lands and the 

negative impact on 
water quality from 
this develo~ment of 

town-owned lands that are currently preserved 

located near the ponds. lands. 

6.5 Town 
Ownership 

The conservation commissions in 
each town were contacted to 
determine if any additional land was 
owned within the watershed. As can 
be seen in Figure 62 ,  a significant 
amount of land is owned adjacent to 
the chain ponds and their tributaries. 
Town owned protected land provides 
additional protection to the 
watershed. 

The Town of Amherst Conservation 
Commission does own some land, 
however, it does not own any land 
within the Pennichuck Watershed. 

Hollis 
The Town of Hollis Conservation 
Commission owns approximately 
340 acres within the watershed. All 
of these lots are kept as protected 
forested land. These lands are 
scattered throughout Hollis as shown 
on the Land Ownership Map (Figure 
6-2). Below is a list of these lands. 

2.96 acres on Laurel Hill Road 
8.47 acres of cave land off 
Witches Spring Road 
3.18 acres off Mooar Hill Road 
5.12 acres off Witches Brook 
Area 
2.43 acres off Sanderson Witches 
Brook 
13.6 acres off Witches Spring 
Road 
3.49 acres off Alsun Drive 
32 acres, P e ~ i c h u c k  Land 
7.6 acres owned by Jerry Collier, 
unbuildable lot, bog land 
29 acres off Oakwood Drive 
14.9 acres of Town forest off 
Silver Lake Road 
2.23 acres of open land off Arbor 
Lane 
4.0 acres off Mooar Road 
1.0 acre off Mooar Road 
1.16 acres off Pennichuck Drive 
1.93 acres off Forrence Drive 
1.3 acres off Farley Road 
4.23 acres off Forest View Drive 
2.43 acres oiT Federal Hill Road 
3.64 acres off Silver Lake Road 
114 acres; Spalding Park Town 
Forest off Farley Road 
8.5 acres of Pennichuck land off 
Farley Road 
10 acres off Hardy Lane - 
Windmill Lot 
29.2 acres; Stems lot I Parker 
Pond Brook 
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Measures 
. 1.06 acres off Farley Road . 8.63 acres surrounding Forest 

View Drive 
4.5 acres between Forest View 
and Federal Hill Drive 
11.7 acres North of Baxter Road 

* 7.5 acres off Nartoff Road 
These lands provide significant 
protection. 

Merrimac k 
The Town of Merrimack owns many 
lots within the watershed. Two of 
these lots are protected lands. Both of 
these parcels are off Naticook Road. 
Locations of these can be found on 
the Land Ownership Map. 

4.2 acres located at 2 Joey Road 
is currently being used as open 
space. 
0.45 acres on the comer of 
Naticook Lane and Lorraine 
Road, is currently undeveloped 
land behind the fue station. 

Milford 
The Town of Milford does not own 
any land within Pennichuck 
Watershed. 

6.0 Existing Protection 
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Nashua 
The City of Nashua currently has an 
Open Space Plan. Within the 
Pennichuck Watershed 
approximately 114,600 acres of land 
are owned as Open Space. Location 
of these areas can be seen on the 
Land Ownership Map. A general 
breakdown of these areas and who 
they are owned by is as follows: 

Homeowners Associations, 
53,846 acres (47%) 

Private owners, 31,366 acres 
(27%) 
The City of Nashua, 19,655 acres 
(1 7%) 
Nashua Park Commission, 3,779 
acres (3.2%) 
Audubon Society of NH, 3,398 
acres (2.9%) 
Nashua Assembly of God 
Church, 2,038 acres (I .4%) 
The State of NH, 179 acres (less 
than 1%) 
The Nashua Airport Authority, 
161 acres (less than 1%) 

There is a significant level - 
of protection provided by 
bo& the ~ e ~ c h u c k  owned To minimize the p l lufcrnf  
lands and the tow~~owned 
lands. Keeping these lands loads, Pennichuck and the 
undeveloped $11 minimize towns must conserve the 
the impacts of Future 
development sidcantIv existing lands. - 
as shown in Section 7.0. It 
is in the best interest of the water 
supply to keep these lands 
undeveloped. The purchase of 
additional lands will also increase the 
level of protection. 

6.6 Other Protective 
Measures 

In addit~on to the many protective 
measures already occurring on a 
local and state level, watershed 
regulations exist for many water 
suppliers around the state. These are 
currently in the process of being 
updated. Current regulations for 
Pennichuck's water supply were 
written in 1934. There are rnany 
issues that need to be addressed in 
the updated regulations such as: 



6.0 Existing Protection 
Measures 
' Is a 250 foot buffer sufficient? 

Should there be a regulation on 
the amount of phosphorus 
loading due to development? 
Should policies on recreational 
uses of watershed land be 
more/less strict? 
Is a rule regarding the dumping 
or discharging of waste into 
tributary storm drains necessary? 

Currently, the New Hampshire 
Department of Environmental 
watershed regulations (Env-WS 
386.50) that deal with the protection 
of Pennichuck Pond, Pennichuck 
Brook Watershed, and Witches 
Spring Brook Watershed consist of 7 
regulations: 

No buildings where animals are 
kept can be built within 75 fcet 
of these waters. 
No wastewater, wash water, or 
sewage can be dumped into these 
bodies of water or within 75 feet 
of these bodies of water. 
No dead animals or food 
scrapings can be thrown within 
75 feet of these waters. 
None of the above buildings or 
waste can be built beyond 75 feet 
of these waters if it is detrimental 
to said waters. 
No sawdust or other waste from 
cutting timber can be thrown or 
allowed to fall into these waters. 
No matter, waste, or materials 
mentioned above may he allowed 
to remain upon the ice of these 
waters. 
No person shall bathe or swim in 
said ponds or brook. 

Increasing the 75 foot buffer to 
250 feet in all sections. 
Prohibiting the dumping of 
hazardous waste and chemical 
waste. 
Prohibiting the application of 
fertilizers within 250 feet. 
Monitoring the application of 
pesticides. - Prohibiting people fiom boating 
or other recreational activities on 
Pennichuck Brook below Holt 
dam, and disallowitig boats or 
other recreational devices using 
motors powered by petroleum or 
other chemicals on Pcmichuck 
Pond, Pennichuck Brook above 
Holt dam, or on Witches Spring 
Brook or its tributaries. 
Prohibit the use of aircraft on 
waters or ice. 

Should these amendments be added 
to Pennichuck's Watershed 
Regulations, they will provide 
additional protection to the supplies. 
Further recommendations arc 
discussed in Section 8. 

Proposed updates of these regulations 
include: 
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7.0 Buffer Zones 
Section Contents 

As discussed in Section 5.0 nutrients, 
sediments and other pathogens 
contribute to  general water quality 
degradation over time. 

There are several BMPs that may be 
implemented to minimize the 
degradation impacts of these 
contaminants. Among the available 
BMPs is the use of buffer zones. 
Buffer zones are a critical component 
of any watershed protection program 
because of their implementability at 
any location, whereas several o f  the 
other available BMPs require specific 
site criteria in order to be used. 

This section focuses on the use of  
buffer zones to reduce degradation 
impacts of water bodies. 

7.1 What is a Buffer? 
A buffer is a strip of land, 
surrounding a surface water body 
including tributaries, ponds, lakes and 
reservoirs. A buffer typically consists 
of land left in its natural state to 
provide protection from non-point 
source pollution including sediments, 
nutricnts, heavy metals, toxics, 
pesticides, pathogens, salt and 
thermal pollution by providing a filter 
for these contaminants. They also 
provide a pervious area for recharge 
in otherwise impervious watersheds 
and help with bank stabilization and 
to protect riverfront habitat and the 
river ecosystem. 

It is important to note, though, that 
buffer zones by themselves have had 
mixed success where used. In most 
cases, the buffer zone requirements 
were not defined, and the buffer was 
much less effective in practice than 
planned. For example, in a survey of 
36 communities around the US. 
(Heraty, 1993) only half of the 
communities required that buffer 

7.1 What is a Buffer ............. 7- 1 boundaries be clearly shown on 7.2 Buffer Zones (Stages) .... 7-2 
clearingigrading and sediment control 7.3 Buffer Widths ................. 7-2 
plans. 7.4 Ideal Buffers .................. 7-3 

In the suburban buffers, contractors 
often encroached or disturbed the 
buffer during construction and since 
the buffers were rarely placed on local 
maps, no management or inspection 
ever occurred. Few were maintained. 
The boundaries often became 
invisible to the property owner with 
the result that buffers often became 
part of the residential or commercial 
landscaping or lawn. Many were then 
used for non-beneficial activities 
unrelated to the original purpose of  
the buffer. 

In many cases, buffer disturbances 
included tree removal, trampling and 
foot trails, filling, encroachment, 
dumping of yard wastes, erosion by 
stormwater runoff and conversion 
into lawns. Only five percent of  the 
buffer zones established in 36 
communities were maintained (Kirk, 
F.S., 1991). 

The above referenced study 
emphasizes that to achieve the best 
results with a buffcr zone, they need 
to be controlled and maintained. 

In spite of  these problems, buffer 
zones can be a good way to provide 
initial protection for the chain ponds, 
their tributaries and wetlands. The 
vegetation in the buffer zones can 
provide protection from nutrients due 
to plant uptake. Additionally, in 
agricultural areas, these buffer zones 
can help prevent agricultural uses 
directly adjacent to streams and 
wetlands by keeping animals away 
from the water (if fenced) in turn 
decreasing the amount of pathogens 
that are able to come in contact with 
water. The removal of contaminants 
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7.0 Buffer Zones 
is dependent on how the buffer is 
setup, its vegetation, soils and slope. 

Buffers are also helpful in alleviating 
pollution by providing an area for 
infiltration. Infiltration of drainage 
water through soil filters nutrients, 
pathogens and sediments. 

7.2 Buffer Zones 
(Stages) 

Effective buffcrs are usually divided 
into three zones; the streamside zone, 
the middle zone, and the outer zone. 
Each performs a different function, 

Figure 7-1. Three Zone Buffer, Schueler, 1994. 

and has a different width and 
management scheme (Schueler, 
1994). 

1. The zone directly adjacent to the 
stream is called the streamside 
zone. Its purpose is to protect the 
physical and ecological integrity 
of the stream ecosystem by 
providing shade and leaf cover. 
The most effective streamside 
zones are those with mature, 
native trees. 

2. A middle zone is a width of 
managed forest for control of 
pollutants in subsurface flow and 
surface runoff through biological 
and chemical transformations, 
storage in woody vegetation, 
infiltration, and sediment 
deposition. 

3. An outer zone, sometimes 
considered the buffer's buffer, 
extends from the forested area to 
the nearest permanent structure or 
land use. In most cases this is a 
grassed or turf area, that acts as a 
level spreader to change 
concentrated flow into sheet flow 
and to help settIe sediment and 
attached pollutants. This zone is 
particularly important to achieve 
optimal removal of pollutants 
through a buffer zone. 

7.3 Buffer Widths 
An extensive literature search found 
no consensus on the widths ncccssary 
to protect surface waters. Most 
studies have been site-specific and 
designed for a particular problem 
(sedimentation, nutrient removal). 
Widths used by various agencies and 
municipalities or recommended by 
various studies are compiled in Table 
7-1. Buffer widths relative to nutrient 
and sediment removal range from 50 
feet to 500 feet, depending on the 
sensitivity of the water resource and 
the land use associated with it. 

There are many factors affecting the 
width of buffer strips. Silty loams and 
highly organic soils are highly erosive 
and may need larger buffer strips to 
provide adequate protection. Soils 
such as sand and gravel allow 
pollutants to percolate easily and 
quickly, reducing the amount of 
pollutants that enter the streams in 
stormwater, but potentially affecting 
groundwater baseflow in streams. 

Another factor of concern is slope. 
The greater the slope the faster the 
water flows over the surface. Faster 
flow decreases the time for infiltration 
and causes more erosion. Studies 
show that slopes of 10% or less 
(Channing Kimball, 1993) work best 
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7.0 Buffer Zones 
to minimize non-point source 
pollution. Other studies suggest that 
1-2 feet of width should be added for 
every 1% increasc in slope (Channing 
Kimball, 1993). Still others suggest 
that for steep slopes (5-25%), four 
additional feet of buffer width should 
be provided for every extra percent of 
slope over 5% (Schueler, 1995). The 
most effective buffers are flat. Use of 
topographic maps and site visits can 
confirm the slope of the land. 

The best buffer width is thus 
dependent on a number of site 
specific factors. A summary of 
various filter strip studies is shown on 
Table 7-2. Summaries of the types of 
models that have been used to predict 
or calculate buffer strip widths are 
shown on Table 7-3. None of these 
are probably appropriate to the 
Pennichuck watersheds and are 
presented as reference because thcy 
are either focused on pollutants such 
as pesticides and/or were conducted 
in other areas of the country that are 
significantly different in topography, 
soils and vegetative characteristics. 

Although it is difficult to identify a 
single "best" buffer width, a general 
guideline for sensitive water supply 
watersheds is a minimum of 400 feet, 
with a minimum of 200 feet from 
tributaries or wetlands that are 
directly connected to the water body. 
These widths are used in 
Massachusetts for all water supplies 
(See Cohen Bill, Appendix I). 

In areas of steep slopes, the buffer 
may need to be larger while there may 
also be cases where it could be 
smaller, for example, where the 
developer can infiltrate most runoff 
and the site is flat. 

In any buffer, it is critical that runoff 
not bypass, short-circuit or 

channelize, since this would rcduce or 
eliminate its effectiveness. Protective 
measures are described below. 

7.4 Buffer Criteria 
As described previously, buffer zones 
have been used around the country for 
many years, but with mixed success. 
In many cases, the buffer zones have 
suffered encroachment that rendered 
them ineffective. Consequently, a 
good buffer zone would have more 
than just an adequate width for 
treatment of runoff. Some of the 
characteristics of properly functioning 
buffer zones are described below: 

1 .  Dense Vegetation. The 
vegetative cover of thc buffer 
zone is probably the most critical 
aspect of its proper operation and 
effective removal of pollutants, 
whether they are nutrients, 
pathogens or pesticidcs. Dense 
forested buffers that have 
remained undisturbed for at least 
the last ten years are generally 
recognized as the best vegetative 
cover. This is in part becausc 
forested areas provide streamside 
shade, wildlife habitat, a dense 
root system for bank stabilization 
and nutrient uptake in addition to 
the pollutant removal capabilities 
of other types of vegetative 
buffers. 

1. Dense Vegetation 
2. Flow is not channeled 
3. Infiltration is high 
4. Protection from encroachment 

The understory is also important, 
highlighting the importance of not 
mowing beneath the trees. A 
natural understory is typically 
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7.0 Buffer Zones 
considered most desirable, but 
plantings could also be cffective. 

A mixture of shrubs, trees and 
other smaller vegetation could 
also provide an effective buffer. 
In many areas, grassed buffers 
have been used, with either 
infrequent or no mowing. A 
grassed buffer would provide 
some pollutant removal capacity 
and bank stabilization, however 
little shading would occur and the 

infiltration rates are 
The best in filra tion and not reported to be as 

high as for forested pollutant removal is found in buffers, 
soils with high organic 
content and a layer of forest 2 Flow is not 

duff on the surface. channelized. 
The second most 
important 

characteristic of a good buffer 
zone is that flow is not 
channelized within the buffer 
zone. If flow does channelize, 
then the buffer zone is effectively 
short-circuited. with little 
effectiveness at pollutant 
removal. Water should enter the 
buffer zone as  sheet flow, and 
level spreaders may be required in 
some areas. If there is the 
potential for sheet flow to begin 
to channelize further into the 
buffer zone, check dams with 
level spreaders can be used to 
correct the problem. Maintaining 
sheet flow becomes more 
problematic as buffer zone slopes 
increase. In steeper slopes, it is 
likely that other infiltration 
measures will need to be added to 
the buffer zone for it to be 
effective. These must be 
developed on a site-specific basis. 

3. Infiltration is high. Buffer zone 
soils are also critical to the 
equation. Although nearly any 

soil can provide a buffer zone, 
those soils with a high clay 
content or those that are mostly 
gravel may require increased 
buffer widths for effective 
performance at pollutant 
removals. The best infiltration 
and pollutant removal is found in 
soils with a high organic content 
and a layer o f  forest duff on the 
surface. Forest duff has been 
found to be one of the most 
significant factors in the 
effectiveness of forcst buffers at 
pollutant removal. This suggests 
that more mature forests provide 
better pollutant removal 
capacities than do more recently 
disturbed forests. 

The organic component of the 
soil is also important for two 
reasons. First, natural organic 
soil components such as leaf and 
other decomposed materials 
provide sites for absorption and 
adsorption of many pollutants. 
Second, a healthy soil with lots o f  
wild microorganism activity 
provides many microorganisms 
that will prey on pathogenic 
organisms introduced by runoff. 
'l'his may reduce the longevity o f  
some of the pathogenic organisms 
that the buffer is designed to 
remove. 

This type of soil also provides a 
good base for a healthy and dense 
vegetative cover, one that will 
take up many o f  the nutrients 
introduced by runoff. More 
gravelly and sandy soils can also 
provide a buffer zone, however, 
the width should be increased to 
account for the lower pollutant 
removal capabilities in spite of 
high infiltration capacity. In clay 
soils, the buffer zone width must 
also be increased and in some 
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7.0 Buffer Zones 
cases these areas may not be 
suitable for buffer zones. 

4. Protection from encroachment. In 
a study of buffer zones across the 
United States, Heraty, 1993, 
found that nearly all of the buffer 
zones studied in 36 communities 
had suffered from some 
encroachment. The encroachment 
ranged from clear cutting to lawn 
conversion to dumping and bike 
trails. In many cases, the 
encroachment encouraged 
channelized flows and rendered 
the buffers useless. Based on a 
review of this and other literature, 
the most important factors in 
preventing encroachment 
included: 

Fenc in~ .  Although fencing 
can be expensive for large 
buffer zones, it is particularly 
important where livestock are 
an issue. The term "good 
fences make good neighbors" 
is very true for buffer zones. 

Fencing of  buffer zones 
should be used wherever 
livestock can gain access to 
the buffer zone without it, and 
across areas where vehicle 
access may be problematic. 
If pedestrian access is to be 
allowed for local pathways, 
pathways must be constructed 
such that they do not create 
channelized flow. Fencing 
should also accommodate the 
pedestrians while blocking 
access to vehicles. If cattle or 

1. Fencing 
2. Signage 
3. Buffer Mapp~ng 

stream, fenced bridges should 
be provided that prevent the 
animals from entering the 
water and control drainage as 
much as possible, providing 
infiltration for drainage from 
the crossings. 

Signage should be 
provided at the buffer zone 
fence line to inform nearby 
landowners and others of the 
buffer zone's status and 
restrictions. Any passive 
recreational trails should also 
be signed to indicate their 
appropriate usage. Signage 
should also include telephone 
numbers so that people may 
call in the case of 
encroachment or questions. 

Buffer Ma~ping ,  Another 
important aspect of a good 
buffer is that it is protected by 
being shown on local and 
regional maps of the area. 
This should include efforts to 
have local Planning Boards 
and Conservation 
Commissions show the buffer 
zones on their maps. This 
should help prevent future 
encroachment from projects 
and provide awareness of  the 
buffer's existence and 

DO NOT DISTURB 

This is a protection zone that 
buffers the Pennichuck Water 
Works Water Supply from water 
quality threats. It should not be 
mowed, harvested or otherwise 
disturbed by human or livestock 
activity. Please contact 
Pennichuck Water Works at 
(882-5191) ifyou see human or 
livestock activity in this buffer. 
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7.0 Buffer Zones 
Public Education. Whether 
Pennichuck Water Works 
owns the buffer zone, or has a 
conservation easement of 5. 
some form, information 
should be provided to the 
adjacent landowners. This 
information should include 
the restrictions on the buffer 
zone as well as  the 

importance of  maintaining it 
as  is. 

Annual Inspections. The final 
component of  a good buffer is 
periodic inspections. The 
encroachment discussed above is 
particularly problematic, and 
should be inspected on an annual 
basis. 
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Town of Scituate, 

Author 

State of NH Protection 483:9 

Pennichuck Water Existing Watershed 
Works Reeulations i 

Article Related Activity 

Any activity which causes land movement, 

Recommended Buff 
Width (feet) 

construction, or any type of discharge is 
prohibited 

No fertilizers, compost, or other organic 
debris allowed within the buffer 

150 

Land application of solid waste is prohibited 250 

Town of Amherst, 
NH 

Town of Hollis, 
NH 
Commonwealth 
of MA 

Town of 
Southborough, 
MA 

State of RI 

State of RI 

Zoning Ordinance 

Zoning Ordinance 

350 CMR 11.00 

Zoning By-Laws 

Kimball, Joan 
Channing 

Schueler. Thomas 

Coastal Buffer implementation 

Coastal Buffer implementation 

Schueler, Thomas 

NC Cooperative 
Extension 

Any activity which would result in the 
deterioration of water quality is prohibitcd 

Sept~c tanks or leach tields prohibited 
Pollutants (manure, fertilizers, pesticides and 
herbicides included) are prohibited 

Sewage disposal is prohibited 

Riverways Community Guide 

Controlline Urban Runoff 

NC Fann A Syst 

NC Cooperative 
Extension Service 

Note: Not all municipalities in  Massachusetts a n d N e w  Hampshire were reviewed. 

100 

150 
400 to reservoir, 20( 

to tributaries 

500 

Buffer recommended for 80% removal of 
pollutants 

Buffer recommended for 90% removal of 
pollutants 

The Architecture of Urban 
Stream Buffers 

Senate Bill 1217 

Wright, Peter 

Commonwealth 
of MA 

Pennichuck Water Works Watershed Management Plan 

75 

200 

Land must remain in its natural state within 
these buffers 

Land must remain in its natural state within 
these buffers 

Protecting Water Supply Fact 
Sheet 

Protecting Water Supply 
Surines 

sediment- 160; nutriel 
300; pesticide- 80 tc 
300, pathogens-270( 

100-300 

Land must remain in its natural state within 
these buffers 

Recommended setback is for fields receiving 
swine manure 

Prevention. Collection and 
Treatment of Concentrated 
Pollution Sources on Farms 

MGl. c 92s  I07A(b) Surface 
Water Protection 

minimum 100 

50 

Recommended setback is for animal waste 

Recommended sethack is for animals 

I00 (increased if the 
water supply is 

downgradient of was 

100 

F~lter area required to treat barnyard runoff on 
a slope of 6% 

Alterations to land or buildings 

165-230 

400 of water body 
200 of tributary 



Reference 

Chaubey. 1994 

Coyne. 1995 

Doyle, 1977 

Edwards, 1983 

Schellinger, 199 

Arora, 1995 

Aull, 1980 

Iowa State 
Agroforestry 
Research Team. 
1994 

Magene, 1986 

Magene, 1989 

Robmson, 1996 

Dillaha, 1986 

Land area treated by swine 

egion / 
tate 

Poultry l~tter tested for fecr 

Study 

Dair). manure applied at 90 
mTha  with buffer strips uc 
to 4 m wide on the 

A paved feedlot with two 
consecutive stnps and 
settlmg basin 116 the size o 
the feedlot 

For herbic~de reduction an< 

Cropland runoff treated 
wrth swine manure applied 
at a rate of 35,000 I,ha/yr, 
filter strip elongated bowl 

wa Pasture lands and curntield 

I 
Application of liquid N at 
1 12 kgNiha and applicatior 
of poultry litter at 8 9 rn- _ .  

aryland Repeated study ahnve 

irginia 

'egetated 
,lea 

5 m x 24 m 

37 farms in VA were 
studied 

6m x 9m 

n x 4.9 m 

I red fescue, tall 
fescue, bluegrass, I Massena 1 1  

Type of 
Vegetation 

fescue grass seeded 
at 500 kgha 

2% 

6 x 22 9 m lryegrass Isdt loam 1 2%I~eca l  was reduced by approximately 30%. 
I I I I 

planted tall fescue 
and bluegrass 

tall fescue 

Total system removed81-89% of pollutants. 

Soil 

Type 

s ~ l t  loam 

I I I I 

Maury sill 
loam 

Chester silt 
loam 

5 x 20 12 m 

Inative trees and Cost was rougly '665iha and reduced all levels of 
5 m w d e  strm switchmass oollutants below those in the control area. 

Slope 

3% 

2 ha 

Results 

Up to 9694 reduction in nitrate. 88% reduction in 
pllosphorus and 80% reduction in sed~ment, 0% 
reduction in bacteria 

994 

10% 

native grasses 
mostly brornegrass, 
bluegrass, and 
fescue 

Area not sufficient for bacterial removal. 

1.5 m was the minimum width required for nitrate 
removal, 4.0 meters was the minimum required f o ~  
suflicient amrnonla, sulfate, and potassium 
removal. Fecal was only reduced by up to 18% ~n 
these studies 

not identified 

5m x 22m 

Canisleo 
sdty clay 
loam 

5m x 22m 

94% dominated by I I 

sandy loam 

fescue grass 

In1 x 36.6111. 
1 2  m acted as 
lter strlp 

I I Researchers concluded that standard~zing site 
requirements and careful monitoring of ~nstallatior 
and use would increase the successful application 

3% 

fescue grass 

xied lfescue grass lvaried Ivarled ]of filter stnps. 

Retent~on ranged from 8.100% for herbicides and 
40-100% for sed~ment 

1 80% 

sandy loan 

bromegrass, alfalfa, 
orchardgrass 
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Study demons~rated that filter strips arc effective i~ 
more than just stnps 

sandy loam 

3-5% 

Fayelte slit 
loam 

Effectiveness was highly dependent on the 
condition of the filter itself with the most removal 
occurring at the interface of the source area and th~ 
filter. Efficiency of s t r~ps decreased over time. 

3-5% 
A 9.2 n~ strip was more effective than a 4.6 nl s t r i ~  
Reducttons were less than 50% for nutrients 

7%. 12% 
Sediment retention of 70% within the firs1 3m. 
reductlon pas1 9m very small. 



eference 

~tchard, 1993 

ngham, 1980 

iaubey. 1993 

ckey, 1981 

Ilaha. 1985 

terson, 1977 

huer, 1989 

lung, 1980 

miels, 1996 

rsons, 1990 

ckelson, 199 

egion / I Vegetated 
tate Study 

l~e te rmlne  the effect of 1 
~diana 

impacts of filter stnps and 
microtargeting (setting 
aside highly erodible land) 

onh Carolina 

Determine if filter strips 
were a feasible alternative 
heatlnent technique for 
feedlots. Runoff from a 

- 

rkansas 

filter strlp 

lengths of filter strips in 
improving water quallty 

Determine the pollution 

12m x 13m 

Poultq litter applied at a 
rate of 5 kgha  

Effect of filter strlp on 

I 5m x 244m 

Determine the ability of 
land and cropping practices 
as  filter strips to absorb 

Determine removal 

T: 
b - - 

n; -- 
re 
re 
fe -- 

fe -- 

re 
hi 
or - 

or - 

fe 
In 
of 
b; - 
re 
fe - 

io 

an 

so - 

fe  - 

f e  
cr: - 
na 
in1 
br* 
bli 
fe! - *.a 

Y Pe of 
'egetation 

alive trees 

Effectiveness of filter strips 
on herb~cides 

.ed canary grass, 

.dtop, and tall 
scue 

15ni x 4.6m 
and 1 .Sm x 
9.lm 

$cue grass 

ed canary grass, 
omegrass. 
chardgass 

charderass 

scue with 
vading annuaals 
'crabgrass and 
unyard grass 

d fescue, tall 
scue, and rygrass 

Irn, orchardgrass 
,d 
rghumlsudangras: 

scue grass 

s u e .  weed, and 
abgrass 

t ~ v e  grasses 
:luding 
oluegrass. 
uegrass, and 
;cue) 

Pennichuck Water Works Watershed Management Plan 

oil 

YPe 

It loam 

e c ~ l  clay 
lam 

aptma sill 
barn 

- 

roseclose 
I t  loam 

osmer s d  
am 

lasscna 
It loam 

arncs 
am soil 

ecil 
lndy loan1 
clay 

am 

tndy clay 
sil: sandy 
am 

anisteo 
lty clay 
am - 

lope Results t--- 
I ~ a c k g o u n d  runoff concentrations can be achieved 

.6% 

-8% (with a buffer area to waste area ratlo of I :  I .  

l~oncentrations of nitrate and sediment did not 

Micro-targetmg reduced sediment by 3 1% at $80 
per ton; filter strlps reduced sediment by 26% at 
$91 per ton. however, adding admin~stratwe and 
implementation costs led filter strips to bc more 
cost effective. Farmers are also more willmg to sib 
up land at the edgc of a field than the middle, as 1s 
sometimes required In the micro-targetmg program 

decrease significantly past 3 Im, for TKN 9 2m. 
3% and for phosphonrs 6 7 m .  t 

Filter strips reduced sediment, nutrients, and 

5% 

Reduction in sediment concentrations were 15%, 
2% phosphorus 78%. TKN 76%. and ammonia 2% I 

9.1 m plots were more effective than 4 6 m  plots. 

- 

Buffering capactty of c o ~ n  plots and native plots 
were effective when used together. Corn reduced 
nutrients up to 98%. orciiardgrass up to 77% and 
sorghamlsudangrass up to 82% A 36m filter strip 
was recommended for all vegetative types for this 

114 Ikowiday of ivastewater \bas produced, an are; 
of 82 square meters of filter strip was required for 
each cow. A downslope length of 19.2111 was 
rewired to effect~velv retain ~ollutants. 

On no tillage plots. reduction averaged 35.60%. 
conventional tillage had 28-72% reduction. 6% / 

5% 

6% I 
4 

Overall reduction were: TSS (30.60%): TKN (35- 
6096); ammonia (20-50%). nitrate (50.90%). 
phosphorus (60%) and phosphate (50Y0). Most 
removal occurred within 7 m. 

The 43m strip had 75% reduction, while tl1e8.5m 
stnp had 85% reduction. It was also concluded that 
long tern1 enictiveness is subject to precrpltallon 
patterns 



Chemicals, Runoff, and 
Erosion from Agricultural Hydrology, erosion, nutrient 
Management Systems CREAMS and management 

Erosion/Productivity Impact 
Calculator 

Water Erosion Prediction 
Project 

Groundwater Loading Effects 
of  .4gricultural Management 
Systems 

(Revised) Universal Soil 

GLEAMS 

Rainfall, runoff, soil erodibility 
slope length, steepness, and 

JSIX / RUSLE covcr managenienl 

Hydrology, erosion, nutrient 
and management 

EPIC 

WEPP 

Simulation of Production and 

Weather, hydrology, erosion, 
nutrient cycling, pesticide fate. 
soil temperature, tillage, crop 
growth, management and 
economics 

Climate, infiltration, runoff, soi 
erosion, soil moisture and 
temperature, crop growth, plant 
residue and tillage 

Areal Nonpoint Source 
Watershed Environment 

Agricultural Nonpoint Source 

Climate, infiltration, runoff, soi 
erosion, soil moisture and 
temperature, crop growth, plant 

Sediment yield, plant growth, 
SPUR animal and economics 

ANSWERS Weather, flow erosion 

Topography, hydrology, 
crosion and sdiment transport, 

AGNPS chemical transport 

Sedimentology by 

O n - f a n  management, 
Nitrate Leaching and soil,climate, aquifer data, 

I Support Technology of 
Environmental, Water and 
Agricultural Resource 
Decisions S1-EWAKI' Hydrology, pollutant loads 

outdated, GLEAMS is a more advanced version 
O~CREAMS. 

T O  determine nutrient and pesticide levels on 
various farms and the amount of  each leaving t h ~  
,farm. 

To determine the impacts that soil erosion on 
croplands has on water quality, and the adequac] 
of different management practices. 

Determination of the effectiveness of  buffer and 
filter strips and other agricultural BMPs. 

Designed to estimate erosional load from 
hilltops. 

To determine hydrologic, sedimentation. and 
nutrient and pesticide transport in large 
watersheds. 

Rangeland management (will be of little use to 
MT)C)~ 

Erosion and sediment control and water quality 
analysis associated with erosion. 

Analysis of  nonpoint source pollution from 
agriculture. 

Design of sediment control structures on surface 
mined land (will bc of no use to MDC). 

Used for groundwater quality (will be of little 
use to MDC). 

The selection, evaluation, siting, and design of 
nonwint source control svstems. 
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Section 8.0 Buildout Analysis 
A detailed analysis of the phosphorus 
levels in each subwatershed and in the 
chain ponds during buildout 
conditions was conducted to 
determine the potential water quality 
impacts from future land uses in the 
watershed. The purpose of doing a 
buildout is to identify the increase in 
pollutant loadings to the chain ponds 
under fkture conditions so the 
appropriate planning may be done to 
minimize these impacts as growth 
occurs in the watershed. 

The Nashua Regional Planning 
Commission (NRPC) zoning data 
(Figure 6- 1) was used to determine 
the different within the watershed 
during buildout conditions. This type 
of buildout analysis does not provide 
a detailed review but represents a 
worst case under existing zoning. 
Based on these land areas, the same 
model and methodologies used for the 
nutrient analysis were applied to 
obtain phosphorus loadings from each 
subwatershed under future conditions. 
Four buildout scenarios were 
identified and analyzed based on 
zoning and protected lands data. 

The zoning map shows the worst case 
future buildout for the area. However, 
some areas of the watershed (in the 
Town of Hollis) are zoned as either 
residential or agricultural so that 
either of these land uses may be 
dcveloped. Thus, both residential and 
agricultural scenarios were developed 
and modeled based on the zoning 
map, resulting in the first two 
scenarios. 

However, the zoning map does not 
account for any privately owned 
conservation lands. Since much of 
this conservation land is under the 
ownership of Pennichuck Water 

Works, a buildout analysis with 
Pennichuck Water Works 
conservation lands was developed and 
modeled to compare the zoning 
scenarios. The comparison was used 
to determine the impacts on the water 
supply if Pennichuck were to sell 
these lands and allow total 
urbanization of the watershed. This 
was conducted by overlaying the 
zoning map with the mapped 
privately owned lands (Figure 8- 1). 

The four buildout scenarios are 
outlined below: 

Section Contents 
8.1 Buildout Analysis -------- 8-1 

Scenario I.  Residential 
without Conservation - 
Buildout based on 
zoning map with 

-- 

residential 
development in A buildout analysis 
Hollis (assumes identities the increase in 

of pollutant loadings to the 
Pennichuck- 
owned lands chain ponds under future 
occurs). conditions. 
Scenario 2. 
Aericultural without 
Conservation - Buildout 
based on zoning map with 
agricultural development in 
Hollis (assumes development 
of Pennichuck-owned land 
occurs). 
Scenario 3. Residential with 
Conservation of Pennichuck 
Lands - Buildout based on 
zoning / conservation map 
overlay with residential 
development in Hollis. 
Scenario 4. Aericultural with 
Conservation of Pennichuck 
Lands - Buildout based on 
zoning/conservation map 
overlay with agricultural 
development in Hollis. 
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Section 8.0 Buildout Analysis 
The percent contribution of each scenario is provided on Table 8- 
phosphorus loadings by subwatershed 2. 
for each of the four scenarios is 
shown on Table 8-1. Subwatersheds As shown on Table 8-2, a buildout 
PBS and MB I are the greatest scenario using agricultural 

and Designation 
without without with 

PBS. Pennichuck 16% 
Brook to Supply 

PBB. Pennichuck 14% I I% 12% 
Brook to Bowers 

Agricullural 
with 

16% 

Pond 

1 Brook to Pennichuch I I I 1 I 

I I I 
Brook to Holt's Pond I 
PBH Pennichuck 1 14% 1 11% 1 12% 1 10% 

I I 

East I I I I 
WBS. Witches Brook 1 8% I 10% I 9% 1 11% 

PBP. Pennichuck 1 8% 1 7% 1 8% 1 7% 

Pond I 
WBE. Witches Brook I 11% 1 8% 1 12% 1 8% 

South 
WBN. Witches 
Brook North 
SPB. Stump Pond 

contributors of phosphorus under an 
agricultural buildout scenario, both 
with and without the conservation 
land. The residential buildout reveals 
PBS. PBB and PBH to be the largest 

Brook 
BFB. Boire Field 
Brook 
MB I .  Muddy Brook 

contributors of phosphorus. A 
detailed breakdown of the phosphorus 
laodings by subwatershed and land 
use for each buildiout scenarios can 
be found in Appendix G. A summary 

4% 

6% 

of the total phosphorus loadings for 

8% 

9% 

development without the conservation 
lands, represents the worst case 
buildout scenario with about 19,500 
pounds of  phosphorus per year being 
contributed tot he chain ponds. This is 
about a 180% increase in loadings 
from the existing conditions. 
However, it is not likely that these 
areas will be developed strictly as 
agricultural, and it is expected that 
residential lots will be developed. In 

4% 

5% 
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5% 
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Section 8.0 Buildout Analysis 
this case, the phosphorus loadings to 
the pond increase by about 140%. 
This assumes that all privately owned 
conservation lands will he urbanized 
in the future. 

If the conservation lands within the 
watershed are not sold for future 
development, the watershed will see 
an increase in phosphorus loadings of 
about 120%. Although this is still a 
significant increase, the impacts are 
lower than if all of the private owned 
conservation lands were developed 
and the results emphasize the 
importance of maintaining 
undeveloped lands within the 
watershed. This is confirmed below 
with an analysis or the in-pond 
concentrations under the four buildout 
scenarios. 

As with the nutrient analysis 
presented in Section 4.0, in-pond 
concentrations were calculated for 
each buildout scenario for each of the 
chain ponds. Table 8-3 provides a 
summary of the estimated future in- 
pond concentrations for each buildout 
scenario. As expected, the agricultural 
buildout, assuming the private owned 
conservation lands are developed, 
results in the highest in-pond 
concentrations, with a concentration 
of 0.059 mgll in Harris Pond. This is 
more than twice the in-pond goal of 
0.025 mg/l. Other ponds in the 
watershed, such as Holts Pond, may 
reach levels of 0.1 12 mgll under this 
scenario, which is about four and one 
half times higher than an in-pond goal 
of 0.025 mg/l. 

Under the conservation scenarios, the 
worst case in-pond concentration for 
Harris Pond is expected to decrease 
from 0.059 mgil as identified above to  
0.056 mgil, which is about twice the 

in-pond goal. Nevertheless, the other 
ponds in the watershed will still have 
substantially higher phosphorus levels 
ranging from 0.065 to 0. l 13 mg/l. 

. ...- 
I I I I 

Stump Pond I 0.065 1 0.066 1 0.065 ( 0.066 
Pennichuck I 0.069 1 0.113 1 0.067 ( 0.109 

Pond 

I Pond I I I I 

Residential 
without 
Conservation 
( m d )  

From a more realistic point of view, it 
is unlikely that a large portion of the 

Holts Pond 
Bowers Pond 
Harris Pond 
Supply Pond 

watershed will be developed as 
agricultural land and more likely that 
residential land will be developed. 
Under the residential scenarios, the 
in-pond concentrations are still 

Agricultural 
w~thout 
Conservation 
(mg.4) 

expected to increase significantly 
from existing conditions, but the 

0.101 
0.067 
0.057 
0.054 

- 
overall impacts in each of the ponds is 

Residential 
with 
Conservation 
(rndl) 

lower than that seen for agricultural A// four 
development. 

show high levels of 

Agricultural 
with 
Conservation 
(rndl) 

0.112 
0.072 
0.059 
0.055 

The above analysis does not show a phosphorus in the 
significant difference between the &.,& at bui/dout. 
buildout scenarios with and without 
conservation lands. This is because Protective 

0.096 
0.063 
0.054 
0 052 

the conservation lands in the measures are 
watershed are small in proportion to 
the areas that may be developed. If 

needed. 

0.107 
0.068 
0.056 
0.053 

larger quantities of  conservation land 
were owned and maintained, there 
would be a significant difference 
between the scenarios with and 
without conservation lands. 
Although there isn't much of  an 
increase between these scenarios, it is 
important to keep as much 
undeveloped land within the 
watershed to help minimize the 
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Section 8.0 Buildout Analysis 
impacts of urbanization and to 
provide adequate buffers for each of 
the ponds and their tributaries. As 
outlined above, impacts could be 
significantly reduced if Pennichuck or 
the existing communities were to 
obtain additional private undeveloped 
lands in the future. 

Although each of these future 
scenarios show a worst-case 
development to the fullest, any 
increases will decrease water quality. 
The analysis suggests that minimizing 
development pressures by rezoning or 
increasing the level of infiltration 

required at developments will help the 
situation. The phosphorus loading 
calculations are based on "typical" 
real-life land uses (forested, suburban, 
cornrnercial, etc.) If the methods of 
developing these land uses can be 
improved to reduce the runoff 
coefficients and overall 
imperviousness, then future 
development impacts can be 
minimized. These steps, however, 
must be taken at all new 
developments and when 
comrnercial/industriaI sites come up 
for approval for substantial 
modification. 
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Section 9.0 Recommendations section Contents 

Based on the water quality evaluation 
described in earlier sections, ten 
major problem areas were identified 
in the Pennichuck Watershed as 
summarized on Table 9- 1. Each of 
these problems is described in more 
detail below, followed by 
recommended actions to  alleviate the 
problem or to minimize the problem 
in the future. 

9.1 Findings 

Problem 1: Loss of 
Baseflow/lncreased 
Runoff/Strea m Channel 
Modifications 
As urbanization encroaches in all 
parts of the watershed, stormwater 
runoff is increased. Because the 
stormwater picks up many pollutants 
as it passes over impervious surfaces, 
a higher proportion of stormwater 
flow in the watershed is not beneficial 
to water quality. At the same time 
that stormwater flows increase, 
infiltration and recharge of 
groundwater decrease. Although it 
may take a long time to  affect 
regional groundwater levels, it is 
likely to be the eventual result. As 
groundwater levels decrease, 
groundwater discharge to streams 
during low flow conditions also 
decreases. This has already been seen 
in the Pennichuck watershed. 

Raseflow provides a typically very 
clean source of water to ponds and 
streams, so its loss is detrimental to 
the health of the watershed. Fish and 
wildlife, wetlands, and water supply 
resources are all affected by this 
problem. The decline of water quality 
and quantity for water supply are 
particularly important. 

9 1 Findings ------------------- 9-1 

9.2 Recommended 
Actions -------.------------ 9-7 

The most easily measured factor in 
evaluating the extent o f  the problem 
is the measurement of total 
imperviousness or the percentage of 
area that is not "green" (Schueler, Fall 
1994). Schueler defines 
imperviousness as the sum of  roads, 
parking lots, sidewalks, rooftops and 
other impermeable surfaces of the 
urban landscape. There are two 
primary components of 
imperviousness: 1) rooftops; and 
2) transportation system. The rooftop 
component is somewhat fixed, while 
the transportation component is 
highly varied based on the layout o f  
streets and parking. 

1. Loss of baseflow, increased stormwater runoff and stream 

have major impacts on water quality. 

5. Agricultural activities that result in livestock using tributary 
streams for watering may result in the introduction of 
waterborne pathogens and high nutrient loads. 
6. Multiple "hot spots" in the watershed pose chemical risks to 
the water supply and may threaten biological activity that 
normally cleanses water quality. 
7. There is a general lack of understanding of watershed 
protection principles among the regulatory, planning, public 
works and engineering communities. 
8.  There is a general lack of understanding of watershed 
protection principles among the watershed businesses and 
residents. 
9. Pennichuck Water Works Corporation lacks up to date 
regulatory authority within the water supply. 
10. The available database is lacking. 

As imperviousness increases, stream 
channels respond to the more severe 
and more frequent flooding by 
increasing their cross-sectional area to 
accommodate the higher flows. A loss 
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Section 9.0 Recommendations 
of stable streamside vegetation may 
result. This results in channel 
instability, which tends to trigger a 
cycle of stream bank erosion and loss 
of stable aquatic habitat. This loss of 
stability may increase both the rate of 
filling in of ponds on the system, and 
water quality in terms of turbidity and 
the pollutants that are carried with the 
increased sediment load. 

MB 1 I 6% 1 2,3 17 
Total Acreage I 17.983 

Total Imperviousness =2728/17983=0. IS?=] 5.2% 

PBS 
PBB 
PBH 
PEP 
WBE 

The increasing imperviousness can 
also increase phosphorus loads, and 
result in overenrichment of the 
receiving waters, in this case the 
Pennichuck ponds. 

Impervious surfaces also increase 
local air and ground temperatures by 
as much as 10- 12" (Schueler, 1994). 
This is the result of  the impervious 
surfaces absorption and reflection of 
heat. Stream temperatures may 
ultimately be affected with increased 
stormwater and decreased cool 
baseflow discharges. The stream 
warming is detrimental to both 
aquatic life and water supplies, 
resulting in the loss of aquatic Ash 
and other species as well as potential 

14% 
29% 
15% 
5% 

23% 

increases in nuisance species and 
aquatic vegetation. 

Drainage Area 
(in acres) 

1,285 
2,390 
1,508 
1,978 
1,365 

Imperviousness also increases annual 
water level fluctuations in fresh water 
wetlands. Studies by Taylor, 1993, 
showed that the richness of both 
wetland plant and amphibian 
community dropped sharply as stream 
watersheds increased in 
imperviousness. As stream habitat 
becomes more degraded, both aquatic 
vegetation and animals are negatively 
affected. Diversity tends to be 
reduced, with native species being 
replaced by invasive plants. Most 
aquatic life, other than the nuisance 
invasive aquatic weed species and 
nuisance species of invertebrates such 
as blood worms (pollution-tolerant 
Chironomidae) are the survivors. 
This change is detrimental to both 
recreational users of the watershed 
and to the water supply. 

Table 9-2 shows the percent 
impewiousness by subwatershed of 
the Pennichuck watershed. Total 
watershed imperviousness is 
estimated at 15%. Schueler (1 994) 
suggests that the cycle of stream and 
water quality degradation begins at 
approximately 10% imperviousness. 
He also suggests that once 
background loads exceed 20-25%, it 
may be difficult or impossible to fully 
restore water quality. 

Problem 2: Impacts of Future 
Development on Water 
Quality Expected 
Not only has water quality 
deteriorated over time, but it is likely 
that it will deteriorate further as future 
development and urbanization of the 
watershed occurs. The buildout 
analysis described in Section 7.0 
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Section 9.0 Recommendations 
suggests that nutrient loads will 
increase significantly. This increase in 
nutrient loading will result in more 
pronounced taste and odor problems 
during the summer when algal blooms 
are common, higher turbidity during 
parts of  the year, and increased stream 
channel erosion. Fish kills are likely, 
along with increases in the frequency 
and intensity of storm flows. Base 
flow may be further decreased, and 
eventually may result in the primary 
stream drying up during droughts. 
This could have a serious effect on 
aquatic habitat and wetlands in the 
watershed, further decreasing their 
ability to filter pollutants during storm 
flows. 

As time goes on, if imperviousness 
increases to the extent that it is 
physically possible, Pennichuck will 
likely have to rely more on other 
sources of supply and decrease its use 
of the Pennichuck ponds. Since this is 
likely to occur at the maximum 
demand time of dry summertime, it 
could eventually result in difficulties 
in meeting maximum day demands 
for the system. If adequate water is 
available for use, it may require 
additional treatment. Chemical use 
for settling and filtration expenses are 
also likely to increase as water quality 
deteriorates. 

Since EPA is expected to increase the 
requirements for systems with poor 
quality sources, Pennichuck may be 
subject to these additional treatment 
requirements as water quality 
deteriorates. EPA is likely to require 
that this additional treatment is at the 
front of the treatment train, for 
example, prc-sedimentation facilities. 
This provides very strong economic 
incentive to improve the raw water 

quality of the Pennichuck pond 
system. 

Problem 3: Chain Ponds are 
Filling In 
Limited sampling conducted for this 
study suggests that the chain ponds 
are quickly filling in with sediment 
from the watershed. In some cases, 
the ponds may already be largely 
filled with loose sediment, and 
washing over sediment during large 
storm flows. Should this happen, 
water quality could deteriorate much 
more rapidly than it has in the past. 
This is because the chain 
pond system has acted as  
a presedimentation system AS turbid, polluted storm 
for the water supply. flows enter the chain pond 

As turbid, polluted storm systeml are retained 
flows enter the system, 
they are retained in the 
ponds, providing a 
trapping effect for many 
pollutants. Most of the 

in the ponds, providing a 
trapping effect for many 
pollutants. 

significant pollutants, 
including phosphorus and many 
bacteria, are "particulate" or tend to 
be associated with particles of soil. 
Thus they are transported most 
effectively with soil particles. These 
same particles tend to settle out in 
slow areas and in ponds, and if the 
ponds are deep enough, the sediments 
are retained. 

In natural systems, sediments slowly 
build up over millions of years until 
ponds eventually become wetlands 
and finally land. In a natural system 
without urban development, this 
could take millions of years. In the 
Pennichuck watershed, this same 
filling in process could occur in a 
matter of decades or even years as  
urbanization and its resultant 
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imperviousness increases 
uncontrolled. 

Even if the sediments are not spilling 
over, they may be exerting a water 
quality impact through their oxygen 
demand. As ponds develop a large 
sediment layer, the decomposition of 
this material typically creates an 
oxygen demand. As the sediments 
decompose and degrade, oxygen is 
pulled out of the water, often creating 
an oxygen deficient layer at the 
bottom of ponds and lakes. As 
oxygen is lost from this lower layer, 
chemical changes begin to occur that 
result in the release of some of the 
trapped pollutants from the sediments 

back into the water 
column. This can 

Roadway drainage may occur to the extent 
that some ponds 

result in the direct transport actuaII, Droduce a < .  
of hazardous pollutants to phosphorus load 

the water s~pply. internally, 
hastening the 
eutrophication 

process exponentially. This can result 
in water quality that is actually worse 
than the level of watershed 
development would suggest. 

Problem 4: Transportation 
Impacts 
Because the Pennichuck watershed 
has developed at a rapid pace and 
because it contains many large and 
small roadways, transportation 
impacts are particularly problematic. 
Cars, so critical to life in Southern 
New Hampshire, are a major source 
of a number of types o f  watershed 
pollutants. This includes copper from 
brake pad wear, zinc from wear and 
tear of automobile tires, atmospheric 
deposition o f  lead from the exhaust of 
diesel-fueled vehicles, solvents, oils 
and other automotive fluids from 

automotive leakage and repairs, and 
other pollutants from exhaust. The 
result of all this is that roadways are 
loaded with pollutants which wash 
into nearby watercourses during every 
rainstorm. 

Although some advances have been 
made in controlling this pollutant load 
in newer roads, controls on major 
roadways are typically inadequate 
even now, and particularly on older 
roadways where the typical goal was 
to get the water to the nearest stream 
as quickly as possible through piping. 
This rapid transport increases 
pollutant loads and exaccrbates the 
problem of imperviousness and 
increased stormwater runoff, 
Additionally, roadways, airports, and 
parking lots provide mostly 
uncontained areas for spills of 
hazardous materials and other 
undesirable fluids. These may result 
from accidents, since the typical 
response to these accidents is to wash 
spills off the road and into the nearest 
watenvay. Because roadway drainage 
is typically uncontrolled in the 
watershed, this may result in the 
direct transport of hazardous 
pollutants to the water supply. 

Aquatic habitat in the watershed is 
also likely to be damaged, with kills 
of many of the organisms that 
normally act to remove pollutants 
from the water column. Since a 
diversity of organisms helps to 
control water quality impacts by 
decomposition, the loss of these 
organisms is a detriment to both water 
supply and recreational uses of the 
watershed such as fishing and 
aesthetic enjoyment. 
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Section 9.0 Recommendations 
Problem 5: Agricultural 
Impacts 
In some limited parts of the upper 
watershed, particularly in Hollis, 
there remain large tracts o f  
agricultural lands. These lands 
generally provide a benefit to water 
quality in the watershed by retaining 
pervious surfaces. However, where 
cattle and horses are pastured with 
use o f  tributary streams for their 
drinking water source, they may 
present a hazard related to pathogenic 
organisms. A number of pathogenic 
organisms arc produced by humans 
and animals, and if feces enter 
streams untreated, the pathogens must 
be removed before the water can be 
distributed. Unfortunately, some o f  
the most recently discovered 
organisms, particularly 
Ctyptosporidium, have escaped 
conventional treatment systems and 
disinfection to cause waterborne 
disease outbreaks. Since this 
particular organism is often 
associated with cattle, particularly 
calves, there is the potential for 
significant water quality impacts. 

This organism, which sickened 
400,000 people in Milwaukee and 
killed 100, is commonly found in 
large numbers in poor quality sources 
o f  water. It is highly resistant to 
disinfection, and has escaped 
conventional treatment systems when 
they have become overloaded due to 
the large number o f  organisms and 
operational practice such as recycled 
backwash. Even with cvery 
precaution taken at the treatment end, 
it is still critical to limit the number of 
these organisms entering raw water 
sources. 

Problem 6: Hot Spots 
As described in Section 6.0, on 
pollution sources, the watershed 
contains a number o f  point sources or 
hot spots. These include known 
hazardous waste sites, permitted 
hazardous waste generators where 
spills of significant hazardous 
chemicals could occur, and smaller 
potential sources of pollutants such as 
car dealerships, gas stations, and auto 
repair shops. From these locations, a 
variety of hazardous chemicals, oils, 
and nutrient loads from car washing 
activities may emanate. These areas 
may be a significant source of 
pollution if not adequately controlled 
with Best Management Practices. 
There are dozens of each o f  these 
locations within the watershed, 
particularly the most urbanized 
portion of the watershed along Route 
101A. 

Problem 7: Lack of 
Community Understanding 
The problems identified above are 
well known to watershed engineers 
and scientists, however, they are not 
typically 
recognized as - 
issues by most 
regulatory, Many fishermen lament the loss 
planning, public of favorite trout Streams - now 
works staff or 
the engineering 

gone because trout can not 
community i n  tolerate the higher stream 

largely becausc 
many of the loads. 
concepts are 
relatively new 
(within the last ten years) but are 
increasingly being applied around the 
United States. In general there has 
been resistance to change among the 
engineering community, largely 
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because standardization of  the 
methods has not yet been done. This 
has also resulted in a reluctance by 
some planning boards and regulatory 
authorities to address these problems, 
in part because many of  the solutions 
are relatively new. In many cases, 
regulatory, planning, and engineering 
communities are just not aware of  the 
issues yet. 

Problem 8: Lack of 
Understanding Among 
General Public 
Many federal and state "watershed 
initiatives" developed so far by EPA 
and DES have focused on the larger 
watersheds of  rivers such as the 
Merrimack. While these initiatives are 
beginning to get the word out, most 

residents in 
watershed 

Most people in the towns and in 

watershed are probably general are 
probably not 

not a ware of the fact that familiar with 
their everyday actions can many of  the 

have a signifkant impact i?:L:d in 
on the environment and this report. 
Water quality. However, it is 

likely that they 
are familiar 

with the degradation of the water 
resources around them. For example, 
many fishermen ofien lament the loss 
of their favorite trout fishing streams. 
This is usually due to the fact that 
trout can not survive in the higher 
temperatures that result from 
increased stormwater flows off heated 
impervious areas and the loss of  
shaded stream channels that results 
from eroded stream banks. Many 
people have also become aware of 
drinking water quality problems 
based on press accounts of 

waterborne disease outbreaks such as 
the one that occurred in Milwaukee. 

Still, most people in the watershed are 
probably not aware of the fact that 
their everyday actions and their own 
property have a significant impact on 
water quality. Similarly, they are 
probably also unaware of the things 
that they can do as individuals to 
reduce the impacts. 

This information is also not taught in 
the schools. For the most part, 
teachers are unaware of the problems, 
and this subject is not included in 
most curriculums. Science teachers 
may touch on the subject, but a 
focused program as related to the 
Pennichuck watershed is not known 
to be taught. 

Problem 9: Lack of 
Regulatory ControVAuthority 
Pennichuck Water Works Corporation 
does not have any authority within the 
watershed. There is certainly 
influence based on the fact that many 
of the Towns are supplied water by 
Pennichuck, but in some cases there is 
little incentive for Towns to cooperate 
other than the fact that neighbors 
helping neighbors is the right thing to 
do. Watershed regulations do exist, 
authorized by the State Legislature in 
1934. However, these regulations are 
outdated and do not provide the kind 
of controls that would assist 
Pennichuck Water Works Corporation 
in reducing water quality impacts 
within the watershed. Without more 
specific regulations, Pennichuck must 
rely on the goodwill of watershed 
communities in protecting its water 
supply. While most communities have 
been generally cooperative in the 
past, it is unknown how they will 
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react when asked to address the 
impacts from their communities. 

Problem 10: Water Quality 
Database is Insufficient 
While limited sampling was done for 
this study, and previous analysis 
information was incorporated into the 
report where possible, a solid 
database of raw water quality 
information within the watershed 
does not exist. This is not uncommon, 
since most water systems have relied 
on tinished water quality and many 
water systems still rarely collect 
watershed information or data. 
However, this results in  a lack of 
understanding of specific problem 
areas that could be corrected, and a 
lack of statistical significance in 
database trends. Other things, such as 
sediment depths in the ponds, are 
unknown. Stormwater quality, which 
is a serious threat to water quality, has 
not been compared between 
subwatersheds or sights. Stream 
channel impacts in different portions 
of the watershed due to urbanization 
is also unknown. This lack of a 
database makes comparison to water 
quality goals in  the future difficult. 

9.2 Recommended 
Actions 

Based on the top ten problems 
identified above, recommended 
actions have been developed to 
address each problem. For ease of 
understanding, these are divided into 
three categories: I )  prevention; 2) 
remedial measures; and 3) 
monitoring. 

Require that post- 
development runoff 
equals 
predevelopment 
runoff 

Minimization of 
Parking Lot Impacts 

Reduce 
Transportation 
Impacts of 
Subdiv~sions 

Use Onsite 
Infiltration Wherever 
Possible 

ClearingKrading 
Plans 

Landscaping 

Other Onsite 
Recharge Methods 
Source: Ada~tcd from 

Subdivisions and commercial/industriaI developments should 
be required to match post-development conditions to pre- 
development conditions for runoff up to the ten-year storm. 
All water from a two-year storm should be infiltrated Peaks 
should be attenuated and stored for slow release in larger than 
ten-year storms (up to 100-year). 

Use angled parking and smaller spaccs on one-way streets 
and parking lots 
Reduce parking ratios required where possible 
Use vertical parking structures in urban areas where 
possible 

0 IJse permeable spillover parking wherc appropriate 
Modify landscaping of parking lots to use permeable 
dividers and street side buffer strips (See F~gure 9-1) 
Encourage cluster development wherever possible 
Use skinny streets to reduce roadway impacts 
Use grass swales instead oicurbs and gutters 
Use one-sided sidewalks or paths 
Keduce cul-de-sac radii or use central cul-de-sac 
permeable doughnuts (Figure 9-2) 
Roof leaders and sump pumps should be recharged onsite 
instead of conducted to the storm drain or sewage system 
Leave native vegetation between residential lots for 
privacy and recharge 
1,eave stream buffers between residential developments 
and streams 
When rezoning, use lowest density residential zoning 
possible 
Develop clearing and grading construction guidelines that 
minimize site disturbance and vegetation loss 
Require grading and erosion control plans, and inspect 
same durino progress of construction 
Encourage the use of native species for landscaping 
wherever possible 
Leave native vegetation in place as a buffer 
Use mulched areas for part of lawn 
Minimize lawn size and increase native landscaped area 
Connect roof leaders and sump pumps to recharge gravel 
Recharge all onsite runoff wherever possible 

chucler, Fall 1994, Watershed Protection Techniques, V1, N3. 
"The Importance of Imperviousness" 

Prevention Measures 

Prevention M e t h o d  1: R e d u c e  
future im~e rv iousnes s  

As discussed in findings above, the 
Pennichuck watershed is currently at 
a hefty 15% imperviousness overall. 
This is in spite of the fact that some 
portions of the watershed, largely in 
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Hollis, are mostly undeveloped. 
Some subwatersheds, as was shown 
on Table 9-2, have extremely high 
imperviousness levels (up to 36%). 
The related water quality that is 
produced from these impervious 
subwatersheds is poor. 

control plans. 
2. Record all buffer boundaries on official maps 
3. Clearly establish acceptable and unacceptable uses 
4. Establish clear vegetation targets and rules for different 

zones of the buffer. 
5 .  Provide incentives for owners to protect buffers through 

perpetual conservation easements rather than deed 
restrictions. 

6 .  LJse level spreaders or othcr techniques as needed to prevent 
channelized flow through the buffer. 

I .  Pre-construction stakeout of buffers to define the limits of 
disturbance. 

2 Set limits of disturbance based on drip-line of the forested 
buffer. 

3. Conduct pre-construction meeting to familiarize contractors 
and supervisors with limits of disturbance. 

4. Mark limits of dislurbance with a silt fence barrier, signs or 
othcr methods to exclude construction equipment. 

5 .  Inspect the buffer during construction to assure that 
channelization is not occurring through the buffer. 

1. Mark buffer boundaries with permanent signs or fences 
describing allowable uses. 

2. Educate property owners or homeowner associations on the 
purpose, limits and allowable uses of the buffer. 

3. Conduct periodic walkthroughs to inspeet the cond~tion of 
the buffer network. 

4. Reforest grass or lawn buffers. 
from Schueler. Technical Note 7. Watershed Protection 

To reduce future imperviousness, 
prevention measures are needed. 
Pennichuck Water Works Corporation 
currently tries to work with Planning 
Boards and Conservation 
Commissions in the watershed Towns 
to encourage Best Management 
Practices. However, a more 
concerted effort needs to be made in 
this area. Table 9-3 outlines some of 
the most important actions that can be 
taken by watershed Planning Boards 

and Conservation Co~nrnissions to 
reduce imperviousness. 

The most important method to reduce 
imperviousness is to require 
developers to control runoff from new 
subdivisions and to incorporate 
remedial stormwater measures into 
existing facilities when they come up 
for substantial modification. 

This can be done (and has been 
elsewhere) by requiring that post- 
develo~ment conditions not exceed 
pre-development conditions for 
stormwater. During very large storms 
(greater than ten-year storms) this is 
sometimes not practical but peaks can 
be captured and stored for slow 
release back to the system. In storms 
of two year frequency or less, CEI 
recommends that all runoff be 
infiltrated instead o f  leaving the site. 
Model bylaws geared towards water 
supply protection are included in 
Appendix H. 

P reven t ion  Method 2: Buffer 
Zones 

In addition to providing pervious 
areas for recharge, buffer zones can 
filter poor water quality from highly 
urbanized sites such as commercial 
developments, subdivisions, and 
industrial land uses. 

Although the distance of  a buffer for 
pollutant removal varies considerably 
from site to site based on site-specific 
conditions, as outlined in Section 7.0, 
a general guideline would be to use a 
minimum 400' buffer around the 
chain ponds and a 200' buffer from 
the Ordinary High Water (OHW) 
mark from all tributaries and wetlands 
that are directly tributary to the chain 
ponds. This is consistent with the 
Cohen Bill that was recently passed in 
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Massachusetts for the protection of 
water resources. This bill prohibits 
alternations to land or building within 
200 feet of a tributary or other 
waterbody or within 400 feet of a 
reservoir. A summary of the Cohen 
Bill is included in Appendix I. 

It should be understood however, that 
a different buffer may be appropriate 
depending on the site-specific 
conditions. For example, on steep 
slopes a larger buffer may be needed 
while in some areas where extensive 
infiltration is used and mature native 
forest is left in place, a lesser buffer 
may be appropriate. In any case, the 
buffer must not become channelized 
and provisions must be taken before 
the development occurs to protect it 
from short-circuiting. 

In order to preserve the integrity of 
buffer zones created for the protection 
of water quality, the steps identified 
in Table 9-4 should be incorporated 
into the buffer zone requirements. 

Additionally, a "demonstration buffer 
zone" should be developed by 
Pennichuck Water Works to provide 
an example for developers, Planning 
Boards, and Conservation 
Commissions. This could be done in 
conjunction with Pennichuck's review 
of a commercial or residential 
development where the developer 
wishes to perform a community 
service and stand as an example of 
environmentally friendly practices 
while incurring little or no increased 
cost. 

Prevent ion M e t h o d  3: Minimize 
Transportation I m p a c t s  

As noted previously, transportation 
impacts are significant because of the 
number and size of the roadway 

network within the watershed. As 
development occurs in the future, 
additional impacts are likely to occur. 
To minimize these impacts, the 
following steps are recommended: 

Work with Public Works 
Departments and the State 
Department of Transportation to 
avoid direct piping of runoff to 
streams and instead use 
infiltration technologies. Grassed 
swales are already used in many 
areas, and can provide a very 
effective water quality 
improvement if stormwater is 
allowed to infiltrate. These 
groups should also be encouraged 
to use leaching catch basins 
where possible in their own 
construction efforts. These have 
been used in many areas, 
including along Route IOIA, with 
a high level of success and good 
results. 

Figure 9-1. Commercial Parking Lot Using Infiltration Methods. 
Adapted from Schuler, 1991. 

Work with watershed Fire 
Departments to address spill 
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issues and to make them aware of  
spill potential and critical 
watershed areas. Fire 
Departments should be equipped 
with catch basin covers, pads for 
solvents, caustics and acids, and 
booms and pads for petroleum 
products. Additionally, the Fire 
Departments should all have 
maps that show the locations of  
critical catch basins, or ideally, 
the most important catch basins 
should be marked because of the 
problems with keeping track of  
maps during emergency 
conditions. 

Figure 9-2. Cluster Housing Adapted to Promote Infiltration. 
Adapted from Schuler, 1994. 

Develop a monitored 
"demonstration roadway" for 
comparison to an existing similar 
but old style roadway. In 
conjunction with the 
demonstration buffer zone, 
Pennichuck should also develop a 
demonstration roadway that can 
he monitored as part of the 
monitoring program discussed in 
Section 9.3. The roadway should 
contain items such as a grassed 
swale mowed to a longer grass 

length or planted with low 
maintenance, low profile 
vegetation. If in a wet area. the 
swale might be replaced with a 
small wet pond. The purpose o f  
the demonstration project would 
be to show developers, their 
engineers, and Planning Boards 
and Conservation Commissions 
how roadways can be developed in 
a more environmentally friendly 
method. It could also be used as a 
tool to work with Public Works 
Departments in the use of alternate 
technologies and narrower road 

Preven t ion  M e t h o d  4: 
E d u c a t i o n  

There are a number of  education 
issues that need to be addressed: 

Education of general watershed 
residents on how their actions 
affect the watershed and how they 
can help. 
Education of school age children 
as tomorrow's customers. 
Education of planning boards. 
conservation commissions, public 
works departments, developers 
and site engineers. 

widths than are typically allowed 
by Public Works Departments. 

In order to address these three broad 
classes of people, a multipart program 
is recommended, consisting of the 
following elements. 

1.  Initial educational 
questionnaire sent to all 
watershed residents regarding the 
current status o f  their knowledge 
and asking questions that will 
impart information even if the 
survey questionnaire is never 
returned. 
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The development of a school age 
public education program with 
materials made specifically for 
the watershed and taught in 
gradewide presentations by a 
part-time professional teacher or 
waterworks staff, or incorporated 
into the school curriculum. 
Hold a technical transfer 
workshop for Conservation 
Commissioners, Planning Board 
members and staff, Public Works 
directors and staff, developers and 
site engineers. Many of the 
techniques and principles may be 
unfamiliar, so it is important to 
provide educational opportunities 
and to obtain input from affected 
parties such as developers. The 
workshop would also allow an 
opportunity to discuss cost 
implications with developers, 
which are typically minimal or 
non-existent. In fact, many of the 
intiltration technologies and 
methods described above are 
lower cost than conventionai 
methods used today. If the 
workshop is successful, 
Pennichuck could consider 
making it an annual event for as 
long as important information 
needs to be transmitted to 
developers. It could also be an 
opportunity to do onsite visits and 
reviews of Pennichuck's 
demonstration projects. 
Conduct a follow-up 
questionnaire survey to gauge 
the effectiveness of the program 
and develop an understanding of 
how attitudes have changed or 
increased in knowledge. 

Prevention M e t h o d  5: Modify 
Wa te r shed  Reuulations 

The existing watershed regulations 
have few controls that are currently 

beneficial to protecting the watershed. 
Pennichuck should begin the process 
of reviewing and revising these 
regulations to incorporate a level of 
protection should it be needed in the 
watershed. While most watershed 
Towns have shown a high level of 
cooperation, the watershed 
regulations could be used as  a backup 
if practices that are detrimental to 
Pennichuck's water quality can not be 
modified through discussions and 
technology transfer. In most cases, 
however, the use of watershed 
regulations for enforcement of 
requirements should be avoided. 
Wherever possible, cooperativc 
agreements should be used instead. 

R e m e d i a l  Actions 
The remedial actions recommended 
below address the most highly 
contaminated areas of the watershed. 
In these areas, less 
expensive!intensive prevention 
measures are ineffective or 
inapplicable. Thcse remedial 
measures have been developed based 
on specific problem areas identified in 
Section 9.1 Findings. 

Remedial Measu re  1 : D r e d ~ i n q  
of t h e  Ponds 

It is strongly suspected that the 
Pennichuck ponds have begun to fill 
with sediment due to the high level of 
stormwater entering the watershed. 
Stormwater is typically laden with 
sediments, and these are settled out in 
the ponds, which are believed to 
provide a major improvement to the 
water quality that eventually reaches 
the treatment plant and Pennichuck's 
customers. Some of the ponds show 
particular evidence of filling with 
sediments, and may even be acting as 
sources of additional nutrients 
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because of  anaerobic conditions and 
the re-release of  nutrients and other 
pollutants from the sediments that 
occurs under anaerobic (without 
oxygen) conditions. Because this 
could drastically accelerate water 
quality deterioration in the watershed, 
maintenance dredging of the ponds is 
probably going to be likely. However 
the first step in determining where 
and how much dredging is required is 
to evaluate sediment depths and 
characteristics. The following steps 
are recommended. 

Map and probe sediments in each 
of the ponds for depth and extent. 
Take sediment samples for 
analysis, and measure water 
quality at the time of depth probes 
to deternine whether bottom 
conditions are anaerobic. 

Calculate total sediment depth 
and cubic yardage for potential 
removal. 

Identify method of dredging and 
methods for dewatering dredgcd 
spoil materials or re-routing water 
during dty excavation. 

Obtain approvals for dredging, 
which may be difficult in some 
instances. Show Conservation 
Commissions evidence of 
extreme need for dredging, if 
sediment depth probes show that 
it is necessary. 

Continue to monitor ponds on a 
yearly basis, monitoring sediment 
depths at a specific location near 
the outlet of  each pond. Use this 
to determine when maintenance 
dredging is required. 

R e m e d i a l  M e a s u r e  2: Infiltration 
Controls  a t  S~ecific Sites 

The most developed portions of the 
site are the Boire Field Brook 
subwatershed at 36% impervious, the 
Pennichuck Brook to Bowers Pond 
subwatershed (PBB) at 29% 
impervious, and the Witches Brook 
East (WBE) subwatershed at 23% 
impervious. Note the major 
difference in imperviousness between 
these subwatersheds and those with 
thc least imperviousness, which 
include Witches Brook South (WBS) 
at 5% impervious and the Muddy 
Brook subwatershed (MB-I) at 6% 
impervious. 

Although prevention methods are 
recommended for watershed-wide 
application, in many of the 
subwatersheds that are more 
developed there is little new 
development that can occur. It is thus 
likely that the prevention methods 
described above will have the most 
impact in maintaining water quality in 
those less developed watersheds, 
where they will have a lesser impact 
in the developed watersheds. The 
more developed watersheds. or those 
with higher imperviousness, are more 
likely to be affected by remedial 
measures. Therefore, it is these 
subwatersheds that are most 
appropriate for the use of structural 
Best Management Practices (BMPs). 

These technologies are appropriate 
for projects that come back to the 
Planning Board for substantial 
modification of existing facilities, or 
expansion of those same facilities, or 
as stand alone units such as the one 
developed by Pcnnichuck for New 
Hampshire Technical College. 
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An additional structural BMP was 
created for the Pennichuck Square 
area. Both of these BMPs are located 
within the most impervious 
subwatershed of Boire Field Brook. 
An additional structural BMP within 
this area that should be considered is 
one to control runoff from the airport. 
Airports are well known for their 
contribution of spills of aviation fuel, 
oil and deicing chemicals to 
waterways. Additionally, they 
commonly produce a heavy nutrient 
load and heavy metal load from the 
same sources as found on other types 
of roadways. This type of land use 
essentially presents itself as a huge 
parking lot, and the impacts on local 
waterways can be significant. We 
recommend that Pennichuck work 
with the Boire Field authorities to 
develop a BMP that will assist in 
reducing the impacts of this airstrip 
on Pennichuck's water supply. Once 
all the BMPs are completed in the 
most highly impervious 
subwatershed, the next most highly 
impervious subwatershed (PBB- 
Pennichuck Brook to Bowers Pond) 
should be addressed. 

By addressing the most impervious 
watersheds with remedial measures, 
steps can be taken each year to reduce 
the impact of these most impervious 
areas on water quality. A ranking of 
the areas in terms of appropriateness 
for remedial measures is given on 
Table 9-4. 

Remedia l  Measu re  3: 
Hazardous W a s t e  Sites 

There are a number of hazardous 
waste sites in the watershed, some 
more benign than others. These sites 
are in various stages of remedial 
action being required by DES, but 
these processes can oiten be 

expedited if water supplies are at risk. 
We recommend that Pennichuck 
request a status report on each of the 
sites. Their status at the time of this 
report is recorded in that information, 
however, at least an annual discussion 
with each of the project managers at 
DES on each of the sites should be 
conducted to make sure that DES is 
aware of Pennichuck's Watershed 
Protection Program and that 
Pennichuck is aware of DES' most 
recent actions on the site. 

Remedia l  Measu re  4: Hot S ~ o t s  

Hot spots are defined in this report as 
service stations, car dealerships and 
automotive repair shops. Because of 

Rank ( Designation 1 Name 1 Location I Impervious 
I I BFB ( Boire Field I Nashua I 36% 

Brook 
29% 

Bowers 
Pond 

23% 

WBN 19% 

Brook J 
5 

the potential of these particular types 
of businesses to create major water 
quality impacts on the system as a 
whole, special educational efforts are 
warranted. Service stations can 
generate significant hydrocarbons, 
metals, and other pollutants from car 
washing, engine steam cleaning, spills 
of oil and gas, parts cleaning, leakage 
from wrecked vehicles and exposure 
of automotive products and waste to 
stormwater. Since most floor drains 
can no longer be connected to the 
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sanitary sewer, many gas stations 
discharge these materials either 
directly to storm drains or recharge 
onsite. Neither of these is acceptable 
and in fact are illegal in areas detined - 
as "underground sources of drinking 
water". Some of the recommended 
pollution prevention practices 

15 Educate customers on proper recycling andlor disposal of 
automotive products 

identified by the Santa Clara Valley 
Non-Point Source Control Program 
are listed in Table 9-5. 

Monitoring 

Monitorina Technique  1 : 
Measure  S t ream Channe l s  a n d  
Im~e rv iousnes s  Annuallv 

The imperviousness estimates made 
for this project, which was shown on 
Table 9-2, should be updated on an 

annual basis based on the amount of 
imperviousness added in each 
subwatershed. There are several 
methods to estimate this, which could 
include additional land use mapping 
or aerial photography, or the 
development of town by town 
"imperviousness" budgets that could 
be calculated by Planning Boards 
after each calendar year. Several 
locations along the main stream 
channel should also be selected to 
survey in channel characteristics. 
This could then be measured on an 
annual basis, or alternatively, aerial 
photographs could be used to 
calculate annual changes in key 
subwatersheds. 

Monitorina - Techn ique  2: 
Periodic Sed imen t  D e ~ t h  
M a p p i n g  

As described in Remedial Measure 1, 
sediment depth mapping of the ponds 
is needed to evaluate their current 
status. This should also be continued 
on an annual or bi-annual basis to 
determine the rate of accumulation. 

Monitorinq Techn i aue  3: 
Stormwater  Monitorinq of 
Demonstrat ion Projects 

The demonstration projects already 
undertaken by Pennichuck should be 
monitored upstream and downstream 
for at least three storms per year to 
evaluate the effectiveness of the 
measures. This should also be done 
at the demonstration buffer project 
and the demonstration roadway 
projects when completed. This pre- 
and post-monitoring of control areas 
and up and downstream areas of the 
demonstration projects will allow for 
corrections to be made if necessary 
and will demonstrate the effectiveness 
of the methods. 
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Monitorina Techn ique  4: 
Intensive O n e  Year Monitorinq 
Proaram 

Because there is little water quality 
baseline for the watershed, a baseline- 
monitoring program should be 
developed over a one-year period. 

Dry Weather Monitoring 

The purpose of a monitoring program 
is to provide critical long-term 
trending information for the chain 
ponds and their tributaries. The data 
obtained from the monitoring plan 
will identify the current in-pond water 
quality and assist in evaluating the 
impacts of the surrounding watershed 
on the chain pond system. 

Since there is very limited data on 
watershed water quality, it is 
recommended that a monitoring 
program be implemented with 
monthly monitoring including depth 
sampling in each of the ponds and 
tributary sampling in each 
subwatershed. It is recommended that 
three samples be taken at each pond 
to establish whether in-pond 
sediments may be providing a source 
of phosphorus and other chemical 
loadings to the ponds and to provide 
more information on possible 
corrective methods. Only ponds that 
show stratification should be sampled 
in this way. Shallow ponds (typically 
less than 10 feet deep) that don't 
strati@ should be sampled at top and 
bottom only, in the deepest section of 
the pond. The first should be taken at 
the water surface in the epilimnion 
layer. The second should be taken in 
the metalimnion layer, and the third 
should be taken a few inches from the 
bottom of the reservoir in the 
hypolimnion layer. The parameters 

recommended for analysis are 
provided below: 

Ammonia nitrogen - This is the 
nitrogen form most readily used 
by aquatic plants. Nitrogen may 
contribute to cxcess vegetative 
growth in a water system. High 
levels of ammonia nitrogen may 
indicate a nearby source of waste 
discharge or fertilizer storage. A 
method detection limit of 0.05 
mgil may be used for ammonia 
nitrogen analysis. 
Chloride - Chlorides may be 
introduced to runoff after salts are 
applied to remove ice and snow 
from roads, parking lots and 
sidewalks. At high levels, 
chlorides can be toxic to fresh 
water organisms. A field probe 
may be used for measurement. 

Dissolved oxygen* - Dissolved 
oxygen levels will indicate if 
bottom sediments have an oxygen 
demand. A field instrument 
should be used and calibrated 
before the readings are taken. 
High dissolved oxygen levels 
may cause algal blooms, which 
can lead to fish kills, and other 
undesirable water quality effects. 
Fecal coliform* - Indicator of 
disease causing pathogenic 
organisms. The laboratory should 
use the membrane filter method. 
The presence of fecal coliform is 
typically an indication of nearby 
feces from animals or humans. 

Nitrate - A method detection limit 
of 0.05 mg/l may be used for 
nitrate nitrogen. High nitrate 
levels may indicate contamination 
from fertilizer, municipal 
wastewaters, feedlots, or septic 
systems. 

pH* - A field probe may be used 
for measurement. Over- 
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productive reservoirs or ponds 
may see fluctuations in pH as 
vegetation photosynthesize and 
respire. 

Specific conductivity - Specific 
conductivity is a field 
measurement of the amount of 
particulate within a sample. A 
field probe may be used for 
measurement. Conductivity is 
also a measure of total dissolved 
solids, which are carriers for 
contaminant sources in water. 
Tcmperature* - Temperature can 
be used to identify the epilimnion, 
metalimnion and hypolimnion 
layers in the reservoir depth 
samples. A field probe may be 
used for measurement. Variations 
in temperature may bc an 
indication of wastewater 
discharges. 
Total dissolved solids (TDS) - 
TDS are also carriers for 
phosphorus and other 
contaminant sources. A field 
probe may be used for 
measurement. 
Total Kjeldahl nitrogen (TKN) - A 
method detection limit of 0.20 
mgll may be used for TKN 
analysis. High TKN values may 
indicate the presence of a nitrogen 
source such as a feedlot or 
wastewater discharge. 
Total phosphorus* - This is the 
limiting nutrient in a fresh water 
system and may result in excess 
algal growth if present in 
sufficient quantities. A method 
detection limit of 0.01 mg/l 
should be used for total 
phosphorus analysis. The 
laboratory should be contacted 
before sample collection to see if 
they can analyze to this detection 
limit. They may require a larger 

sampling container for the lower 
detection limit. 
Total suspended solids (TSS)* - 
TSS are carriers for phosphorus 
and other contaminant sources. A 
field probe may be used for 
measurement. 

Turbidity* - Elevated turbidity 
levels can interfere with 
disinfection by sheltering 
microbes and reducing their 
exposure to chlorination, 
potentially allowing disease 
causing pathogenic organisms to 
enter the distribution system. A 
field probe may be used for 
measurement. 

*Analyzing the chain ponds at lhese 
depthsfor the parameters indicated 
above with an  mterik (*), will help 
eslablish whether there is a 
phosphorus loadingfrom the 
sediments of the ponds. 

In addition to the pond depth 
sampling, it is recommended that 
quarterly sampling be conducted at 
seven tributaries to assist in 
determining the impacts the 
surrounding watershed has on the 
chain pond system. 

It is recommended that each of these 
samples be analyzed for the 
parameters indicated in the list above. 
Additionally, flow rates should be 
taken from all streams monitored. 
Review of the long-term monitoring 
data over a few sampling runs may 
allow for the reduction of some 
parameters such a s  nitrate-nitrogen. 

Stormwater Monitoring 

To evaluate the degree of pollution 
associated with stormwater in this 
watershed, a wet weather sampling 
program using a "cluster" design was 
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developed. Sampling locations were 
chosen to collect stormwater runoff 
from various types of land uses within 
the watershed including residential, 
industrial and commercial. Both 
stormwater drainage maps and land 
use maps were used in choosing the 
locations. Sampling locations in each 
land use were chosen based on the 
stormdrain pipes that drained the 
largest area to ensure enough flow for 
the analysis. Sampling locations are 
identified in the appendix. 

The equipment needed to complete 
the sampling will include plastic 
gloves (no zinc), acid washed 
sampling bottles, acid washed pail, 
stop watch, watch (with minute hand) 
and rain coats, which are discussed in 
more detail under the sampling 
procedure. All samples should be 
analyzed for: 

Total Phosphorus 
Nitrogen (TKN) 
Heavy metals including lead, 

copper, zinc, chromium and 
cadmium 

0 Chloride 
0 Total Suspended Solids 
U Volatile Suspended Solids 
U Oil and grease 
0 Conductivity 

pH 
0 Total Coliform 
0 Fecal Coliform 

(approximately one to two inches 
of water in pipe). 

3. An acid washed bucket will be 
used to collect the sample from 
the drainpipe. Buckets will be 
rinsed three times between 
samples. Samples will be 
gathered in an acid washed bucket 
and distributed in appropriately 
labeled containers. 

4. The following field parameters 
should be taken at each sample: 

Time 
Flow rate 
Depth of water in pipe 
Diameter of pipe 

Samples will be taken every 30 
minutes for two hours. A total of 
four samples per site should be 
taken. 

It is important to have reasonable 
weather data to properly plan for 
stormwater sampling. Storm 
notification can be obtained from the 
Channel 9 Manchester Weather 
Station WMUR at (603) 669-9999, or 
from National Weather Service in 
Gray, Maine (One Weather Lane, PO 
Box 1208, Gray, ME 04039-1 208) 
with real time radar at (207) 688-3216 
from 7:00 am to 5:00 pm. The 
National Weather Service in Gray, 
Maine is the most accurate and can 
usually predict a storm one to two 
hours before rain starts. 

The procedure for collecting 
Late summer (JulyIAugust) sampling stormwater samples should be as 
is recommended to provide a worst follows: 

1. Teams of two people will be on case event, preferably after a week 

site at least 30 minutes before rain long period so are 

starts. All team members should b u i l t  On surfaces. 
wear zinc free gloves to prevent 
sample contamination. 

2. Sampling will begin when the 
flow of water starts 
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Section 9.0 Recommendations 
An alternative to this type of labor- 
intensive sampling would be to install 
a datalogger at specific locations, 
potentially with a sampler. However, 
not all parameters can be measured 
with this method. 

Moni tor ina  T e c h n i a u e  5: Follow- 
u p  Moni tor inq 

Once the one year intensive baseline 
of dry weather and stormwater 
monitoring has been completed, trend 
graphs can be developed and 
evaluated. Some parameters may be 
dropped, others could potentially be 
added. The monitoring in the same 

locations should then continue for the 
long-term, using a quarterly baseflow 
monitoring, and periodic stormwater 
monitoring of demonstration projects 
and key areas identified during the 
baseline program. This program 
would then continue indefinitely, 
updated annually to determine the 
effects of the Watershed Management 
Program on water quality. It can also 
be used to monitor the progress in 
meeting the overall goals and 
objectives of the project. 
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Appendix A 
Soil Map and Legend 







Appendix B 
Historical Sampling Data and Location Map 











Appendix C 
1996 Sampling Data 









Summary of 1996 Water Quality Data 
Lawcarory nnayss 
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Appendix D 
Hydrologic Analysis 



Runoff Calculations 
The estimated runoff from the total watershed for a series of varied conditions was 
determined by analyzing available precipitation and runoff records for the local. 
Precipitation records for Nashua were used, covering the period 1922- 1995, a 74-year 
continuous period of monthly rainfall. These were analyzed for the total period and for 
two distinct periods, 1922-1965 (44 years) and 1966-1995 (30 years), as discussed below. 
The runoff estimates for the area were based on analysis of several gaging station records 
as obtained by the U.S. Geological Survey as discussed below. 

Although long term precipitation records are most useful in watershed studies, the long 
term record must be broken into several periods of 30 to 40-year duration so that trends 
of wet or dry periods can be examined. The U.S. Weather Bureau bases its precipitation 
averages for a given location on 30 consecutive years of record, usually through the most 
recent decade ending in zero; this means current averages by the U.S. Weather Bureau 
are based on the period, 196 1-1990. Since monthly precipitation values are available 
through 1995, this study considers the 30-year period, 1966-1995, so that the most recent 
records are included. The average, maximum and minimum precipitation values for each 
month of the year are given for three distinct periods (44-year, 30-year and 74-year 
period) in Table 1 - 1. 

Examination of this table reveals that the 44-year period from 1922-1965 was somewhat 
drier than the 30-year period from 1966- 1995. This is evidenced by the fact that the 
average monthly precipitation was greater during the latter period for 1 1 of the12 months 
(only January was greater in the 1922-1965 period). The average precipitation was more 
than 8% higher for the most recent 30-year period versus the 44-year period. 

Further analysis of the 30-year period from 1966-1995 revealed that the wettest year 
occurred in 1983 with a total precipitation of 59.72 inches, while the driest year occurred 
in 1966 with a total precipitation of 33.23 inches. Table 1-2 shows the average monthly 
precipitation values for the 30-year period, and the monthly precipitation values for the 
wet and dry year within the 30-year period. 

Analysis of the entire 74-years of precipitation records shows that 1983 was the wettest 
year in the 74 years of record. However, the dry year for this period occurred in 1941 
when only 27.33 inches of precipitation were recorded. The driest three consecutive years 
occurred in the mid-1960's drought with the following annual precipitation values: 

1964 3 1.13 inches 
1965 27.56 inches 
1966 33.23 inches 

Three-year total 91.92 inches 
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Table 1-2 - Annual and Monthly Precipitation for the Nashua Area 
(Based on 30-year Record at Nashua for Period 1966-1995) 

Month 

I 

Average 
Precipitation 

(inches) 

January 

March I 3.74 1 9.81 1 1.98 
I I 

(inches) (inches) 

February 

Maximum Year 
in 30 = 1983 

I I 

I I I 
3 .09 

3.171 4.641 3.02 

Minimum Year 
in 30 = 1966 

5.71 3.79 

I 1 I 

April 

Mav 

June 

July 

August 

September 

3.63 

3.54 

October 

3.76 

3.48 

3.72 

3.49 

3.56) 3.57 3.53 

December 

Total 

7.06 

4.74 

I I I 

0.93 

2.84 

3.22 

2.39 

2.75 

1.05 

4.07 

43.66 

1.33 

2.64 

1.12 

5.44 

5.96 

59.72 

2.74 

33.23 



The average precipitation during this three-year period was 30.64 inches. 

The runoff values used for the Pennichuck watershed were derived from a study of 
records compiled by the US. Geological Survey from certain continuous record 
streamflow monitoring stations. U.S.G.S. operated a gaging station on the Souhegan 
River at Merrirnack, N.H. from 1909 to 1976, at which time the station was discontinued. 
Subsequently, a gaging station was established on Beaver Brook at North Pelham on the 
Pelham-Windham town line that has provided a continuous flow record since 1986 to the 
present day. Although this suggests a ten-year gap in recorded flow data, the period of 
record for the Souhegan was sufficient to derive relationships between flow data recordec 
and monthly and annual precipitation. These relationships were correlated with the ten 
years of data collected since 1986 on Beaver Brook to provide reliable monthly rainfall- 
runoff relationships. Since the Souhegan River had a drainage area of 17 1 square miles at 
its gaging station as compared to Beaver Brook with a drainage area of 47.8 square miles 
at its gaging station, comparisons of flow records were made on a unit discharge basis. 
This provides flow rates per square mile of drainage area. 

Precipitation-Runoff Analysis 

A study of annual precipitation at Nashua and flow data at the Souhegan River at 
Merrimack for the 54-year period (1923-1976), shows a very distinct relationship 
between precipitation and flow contribution as depicted in Figure 1-1. All but five of the 
54 data points from the 54-year period of record fall within the 90% probability range 
noted on the figure. This figure can be used to estimate the annual runoff from the 
watershed given a value for precipitation. For example, the average annual precipitation 
of 43.66 inches for the 30-year period (1966-1995) would be expected to yield an average 
runoff value of 25.65 inches with a 90% probability that the annual rainfall producing 
this contribution would fall within the range of 37.8 to 49.5 inches. A frequency analysis 
for this 54-year period of rainfall shows the results of Table 1-3. 

The rainfall-runoff relationship for the Nashua area was determined by comparing the 
average and ranges of precipitation and flow for the Beaver Brook period of record 
(1987- 1995) with the Souhegan River period of record (1923-1976). This comparison 
shows that for the period 1987-1995 the average annual precipitation for the Nashua area 
was 42.36 inches, which is 1.30 inches (3.0%) less than the 30-year average (1966-1995). 
The average runoff for the same 1987- 1995 period based on Beaver Brook records was 
2 1.12 inches, or about 17% less than the runoff developed for the 54-year period (1923- 
1976) using the Souhegan River records. Comparison ot'the two runoff records showed 
that the Beaver Brook record fell within the 90% probability range developed from the 
Souhegan River records for all annual precipitation values less than 50 inches. This 
agreement suggests that monthly precipitation-runoff values could likely be developed 
from the Beaver Brook data available for the past decade. 





Table 1-3. Frequency Analysis of 
54-year Period of Precipitation 

Annual Precipitation (inches) 
Precipitation is 
Less Than Stated 

The monthly precipitation-runoff values developed from the Beaver Brook flow data and 
Nashua precipitation data resulted in discharge coefficients for each month that reflect 
seasonal and climatic affects on the relationships. For example, during the months of 
March and April, when runoff from rainfall and snowmelt can often exceed the 
precipitation for a given period, the monthly coefficient would range from 88% to 104% 
of rainfall in an average year. Similar rainfalls of 3.5 to 3.7 inches occurring in July 
through September would only average from 10% to 25% of rainfall appearing as runoff. 
Expected monthly runoff values, based on the long-term monthly average precipitation, 
are shown on Table 1-4. Discharge coefficients and runoff values, based on a wet (1983) 
and dry (1 966) year are also shown on this table. The coefficients result in a calculated 
runoff value of 28.87 inches for 1983 (48.3% of rainfall) and a calculated runoff value of 
15.39 inches for 1966 (46.3% of rainfall). Even in the wettest and driest year for the 30- 
years, the runoff ratio as a percentage is close to the 30-year average of 45.9%. 
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Appendix E 
Specific Factors Applied for Phosphorus Loading 



". " 
Forest 
Orchard 
Cropland 
P n s t r ~ r ~  

K - Based on soil types within the watershed 
Slope - Based on soil types withilr the watershcd 
Length - Bascd on reconlmendations of local Soil Conservation Service 
C - Based on ground cover 
P - Based on reconinicndations of local Soil Conservation Service 

MB 
Forest 
Orchard 
Cropland 
Pasture 

125 
NIA 
N/A 
NIA 

NIA -Not Applicable (This type of land usc is not within this subwatershed) 

125 
125 
125 
125 

0.18 
N/A 
NIA 
NIA 

0.195 
0.22 

0.2 
0.2 

8 
NIA 
N/ A 
NIA 

9.3 
11.5 
7.7 
7.7 

200 
NIA 
N/ A 
NIA 

200 
150 
150 
150 

1.41 
NIA 
N/ A 
NIA 

1.744 
2.07 
1.15 
1.15 

0.011 
N/A 
NI A 
NIA 

1 
NIA 
NIA 
NIA 

0.01 1 
0.087 
0.003 
0.01 1 

I 
I 
1 
1 



Septic System Evaluation Parameters 
I I I I 

I I No. of  Septic I No. Capita- I Loading I 
PBS 
PBB 
PBH 

BFB I 0 1 0.01 0.65 1 N/A 
MB 0 1 0.01 0.65 1 NIA 

PBP 
WBE 
WBS 
WBN 
SPB 

No. of Septic Systems - Based on a count of houses within 200 meters of a pond known not to be on 
the town sewer system 

Systems 
0 

26 
0 

No. Capita-Yrs. -Assumes 3.5 people per household 

Retention - Litcrature coefficient based on soil type 

6 
I I 
0 
0 

6 1 

Yrs. 
0.0 

91.0 
0.0 

21.0 
38.5 
0.0 
0.0 

2 13.5 

- 
(kglcapita-yr) 

0.65 
0.65 
0.65 

Retention 
N/ A 
0.35 
N/A 

0.65 
0.65 
0.65 
0.65 
0.65 

0.4 
0.3 

N/A 
N/A 
0.3 



I Runoff Coefficients for Specific Land Uses in Each Subwatershed 1 

Runoff coefficients for developed areas are based upon the percent imperviousness of the specified 
land use, using the equation: Rv = 0.05 + 0.009(1), where I is the percent imperviousness. For 
undeveloped areas it is estimated using lileralure coefficients based upon the soil type. 

NIA - Not Applicable 

The residential runoff coefficients for land in Hollu, Amherst and Milford located in subwatersheds 

PB-3. PB-4, WB-1, WB-2, WB-3, MB-l and SB-l have been weighted based on the amount of impervious 
and pervious area and the overall trapping efficiency calculated for each particular subwatershed. This 
was done to take into consideration that there are no storm drains in Hollis, Amherst and Milford to carry 

the residential runoff directly to a tributary. Thus, these weighted coefficients are provided in thc table 

below, whereas the coefficients in the above table were used for all other areas of the watershed not 
located within these towns. 



Industrial I NIAI NIA 1 0.20 
Forest 0.0061 638 1 NIA 

All values are based on literaturc coefficients. 

N/A -Not Applicable 



I Trappinq Efficiencies 

. . 
one means that all sediments will be trapped. 

A trapping efficiency of  one was chosen for all developed areas since they are usually piped through s t o m  drains directly 
to a tributary. Since Hollis, Amherst and Milford do not have a storm drain collection system, a weighted coefficient was 
used to account for the amount of runoff that will not make it a tributary or  to a pond. 

Agriculture trapping efficiencies were based on the distance away from the downgradient tributary receiving runoff. 
All otlier trapping efficiencies (for forested or park areas) were estimated based on the slope and location of  the land area. 



Appendix F 
Database Search and File Review Sites 
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New Hampshire RCRA List 

Facility ID Number 

NHD088584214 

NHD986487205 

NHD0010082304 

NHD069906352 

NHD986469237 

NHD986472447 

NHD98189 1062 

NHD982763690 

NHD00079 1 I78 

NHD00079 173 1 

NHD980523682 

NHD980668859 

NHD986466290 

NHD04023 1367 

NHD981065915 

NHD986471217 

Name 1 Address 

NH Vocarional Technical College 
505 Amherst Street 
Nashua 
Nicks Exxon Service Station 
2 19 South Daniel Webster Highway 
Nashua 
Nim Cor Inc. 
575 Amherst Street 
Nashua 
Norge Village 
Amherst Street 
Nashua 
Micro Vesicular Systems Inc. 
22 Cotton Road 
Nashua 
Micro Vesicular Systems Inc 
20 Cotton Road 
Nashua 
Midas Muffler 
5 18 Amherst Street 
Nashua 
Kawasak East 
42 1 Amherst Street 
Nashua 
Kollsrnan 
3 Capitol Street 
Nashua 
Kollsman 
8 Capitol Street 
Nashua 
Kollsman MC DTV 
460 Arnherst Street 
Nashua 
Lockheed Sanders Inc 
460 Amherst Street 
Nashua 
M TEK Inc 
22 Tanguay Ave 
Nashua 
Itek Composition Systems Division 
34 Cellu Drive 
Nashua 
Gyrex Corp 
472 Amherst Street 
Nashua 
Hall J Lawrcnce Co Inc 
10 Cotton Road 
Nashua 



NHD982746901 

NHD146673785 

NHD98274666 I 

NHD982202749 

NHD050397959 

NHD986466647 

NHD066754 151 

NHD189567761 

NHDOO 1084979 

NHU98647 I266 

NHD500014501 

NHD986466639 

NHD086469260 

NHD986473544 

NHD5OOO 1 1390 

NHD045052206 

NHD98073 13 19 

NHD98646643 I 

GIs Graphics ofNashua 
472 Amherst Street 
Nashua 
Gate City Collision Center 
56 l Amherst Street 
Nashua 
Getty Petroleum Corp 
483 Amherst Street 
Nashua 
Greased Lightning Inc 
504 Arnherst Street 
Nashua 
Field Precast Corp 
Tanguay Ave 
Nashua 
Digital Equipment Corp 
Cotton Road 
Nashua 
Coca Cola USA 
600 Amherst Street 
Nashua 
Builders Square 
420 Amherst Street 
Nashua 
Beazer East Inc 
2 Hills Ferry Road 
Nashua 
Alden & Brodan Corp 
472 Amherst Street Unit 22 
Nashua 
Anderson Sonny Automotivc 
537 R Amherst Street 
Nashua 
Anheuser Busch Recycling Corporation 
12 Celina Drive 
Nashua 
Antons Cleaners 
379 Amherst Street 
Nashua 
ATC Power Systems Inc 
472 Amherst Street Unit 12 
Nashua 
VIP Discount Auto Center 
7 14 Milford Road 
Merrimack 
Robinson Lahoratories 
Rte 101 A Jenney BLDG 
Amherst 
Specialty Coaling Systems Inc 
13 Columbia Drive Bay 3 
Amherst 
Route I0 l A Auto Body 
l I0 Route lOlA 
Amherst 



Surewood Excavation 
99 Milcord Road 
Arnherst 
Teksource Inc 
105 Milford Road 
Amherst 
Towne Lyne Foreign Motors 
Rte lOlA 
Arnherst 
Vibrac Corp 
16 Columbia Drive 
Amherst 
Waveonics 
Rte IOIA 
Arnherst 
Wilderness Outfitters & Marine 
Rte lOlA 
Arnherst 
Robinson 1,aboratories 
I Tanguay Street 
Nashua 
Saturn of Nashua 
635 Arnherst Street 
Nashua 
Stabile HJ & Son Inc 
22 Cotton Road Unit I 
Nashua 
Sunnyside Acura 
482 Amherst Street 
Nashua 
TST Equipment Co 
18 Tanguay Avenue 
Nashua 
Tiffany Cleaners Inc 
650 Arnherst St 
Nashua 



Appendix G 
Buildout Phosphorus Loadings 
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MODEL OPEN SPACE COMMUNITY ZONING BYLAW 
(Source: Growth Manaaement Workbook. EOCD, 1988) 

(Based on a by law adopted by the Town o f  Granby, Massachusetts 
and Town of Whately, Massachusensl 

OPEN SPACE COMMUNITIES 

1-00 Open Space ~owwkunities shdl be permiltad in the - dirtricls only upon issuance of a Special Perrnrr with 
Slta Plan Apprpvel from the P h n i n g  Board. m specified in Sections - end - of this bylaw, and in 
=cordsncs with the additional requirements specified herein. 

1 .O1 General Dmficri~tion 
An "Open Space Communiry' shan mean e sinole family residential devebmtmt in  whlch the houses me 
clualered together into one or more groups on the lot and meparetad from each other end odiaoant properbe6 
by permmenlly protected open 6psce. 

1.02 purDOw0 
Tha purposss o f  open =pace community developments are to: 

a. allow for greatar llaxibility m d  credwity in the design o l  residential subdiviaions. provided that the 
overall density of the development is no greeter than what is normally allowed in the district: 

b. snnnnege the permanent preservation of open space, egriculturel lands, and other neturd resources; 

c. maintain rha traditional New England wrat chwscter and lend use pattern in which amdl villages 
contrast with open space end farmlands; 

d. feditate the construcrion and maintenance of strasts, uti6ties and publit service6 in  a more 
economical and effic~ent manner; 

1.03 Pdditianal Generel Reauirsments 
The following standard shall be usad as additional requirements in the special permitbite plan approval 
procws for all open rpace communitiss: 

a. The development shall inc lde sinole family dwellings only. 

b. The minimum land raqulred far open space community development rhall be five (5 )  acres and the 
parcels shall be hald in  single ownership or control at the time of spplicelion. 

- c. Eech lot  s h d  have adequate access on a publc or private way. 

d. Each lot  r h d l  ba of e eize nnd shape to  provide a building site which shall be in  hnrmony with the 
natural termin m d  other fealuree of tha land. 

e. Theta rhdl be an adequate, safe. and convenient arrangement of  pedemtrim circulation, facilitiea. 
rondweys, driveways, end porking. 

1. The r i te plan shall identify the location and anent of dl wetlands on the eite ao d e t m i n e d  by tha 
Conoarvotion Cornmiseicm under the Massachusetts Wetlands Protrction Act. M.G.L. Chapter 131. 
Ssction 40. 

1 .O* Additional Utility Reauirernente 

1.041 All structure6 w h ~ c h  require plumbing shall be connected to  a public senltery aewar. if available, or 
to a community septic rys tan st no expenee t o  the rnunicipelity. 

1.042 For dwellings to be served by on-site wnste dinpoeal syetms. the applicant ahell eubmit a ~ p t i c  
system design prepared by a certified en~ineer and appoved by the Board of Health and e plnn 
illustrating the location of weter suppfy wdfn with the spacial permit applications. No community 
septic system serving the developmsnt shdl exceed sawege flow of 2,000 gelbna per day. Saptic 
systems shell be placed in the dsvetopment to  maximize the dislanca between aystema and shsU 
be pleced within common maas rather than on individual lots. Msintsnanca of community saptic 
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systems shell be the responsibility of the community association specified in Section 1.08. 

1.043 No open space community development served by on-sita waste disposal systems shall be approved 
unless the applicant can demonstrate to  rho satisfection of the Planning Board that the ootenlial for 
groundwmer pollution is no graacer from the proposed open space community development than 
w w l d  be expected from a conventronel subdivision with single family houses on lots meeting the 
normal lot size requirements located on the same parcel. Where necessary. the Planning Board may 
hire a Professional Engineer to analyza and certify groundwater quality impacta. and mey charge the 
applicent for Ihe cost of such analysis. 

1 .05 Dimensional end Density Requirements 

A one-family detached dwelling. or lawful accessory building may bo constructed on e lot within en 
Open Space Community development although such lot has less aree and frontsga than normally 
required. as herein specified. 

The maximum number of dwslling units permitted in an open soaa  community shall be calculated 
bnsed upon (the miniiun lot size normally requrrad In the district, La.. one un~ t  per acre) for the net 
developable acreage rerneinim once the errs of all wetlands and all erees unsuiteblo for on-site 
-wage dispoaal h w e  h e n  subtracted from the to td  screage 01 the property. 

Under the supn~ision of the Conservat~on Commission and m accordence w ~ t h  the provisions of the 
Wetlands Protection Act. M.G.L. Ch. 131, See. 40, ell watlends shall be identified. and their area 
subtracted from the net davalopable ocreaoe of the total parcel. 

Under the supervision of the Board of  Health end in  conformance with Title V, percolation tests shall 
be conducted for all lots in the total ecrenge of the proparty which would be developed in a standard 
subdivision layout. The area of thosa lota which is determined t o  be not suitable for on-site sewsge 
disposal shall be subtracted from net developeble acreage of the total parcel. 

Lot urea in a cluster development ~ h d l  not ba lass than ons.helf 150%) of the minlmum lot size 
normally required in the district, i.e.. twenty thousand (20.0001 square feet per lot. 

In no instan~e shall a daeigosted lot have lees then 100 be t  of frontage on a publlc or private way. 

Minimum front, rear, and side yard aetbncka shall ba the samo as normelly requared in the district. 

All residantid structures and accessory uses with the development shall be set b e d  from the 
boundarieoof the deve(opmont by a buffer ship of at least hfty 1501 feet in width which shall include 
trees end shall be kapt in a natural landscaped corrdition. 

1 . 0  Camrnon Open Soate Reauiiemenrs 

All land not devoted to  dwellings, accessory uses, rosds. or other development shell be set aside 
m common land lor recreution, CUnm~d00. or 6gricutturel uses which preserve the land in  
oasentidly its neturd condition. 

The total erna of common opm apace ohan equal or exceed the area by which all single-lemily 
dwdling lota are reducad below tha basic rninhum kt area n o r d l y  required in the zoning diatrict. 

The following lends shsll not be used to meat the common opbn spmce requirements: 

a Lands within the floodplain dietrkl' 

b. Lands identified ee wetlands in ecc~dence with thm Massachusetts Wetlands Protaction 
Act; 

c.. Lands with slopss greeter than twenty-five percent (25%). 

Further subdivision of common opan land or its use for other then recreation, conservation, or 
agriculture. except for assements for underground utilities and septic eystems. shall be prohibited. 
Structures or buildings accessory to recreation, conservation, or agricultural uses mey be erected 
but ehdl not excood 5 %  covorage of such common open land. 
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1.07 Common Omn S ~ a c e  Ownershie 

1.071 All common open land shdl be either: 

a. conveyed to a community association owned or to  be owned by  the owners of hots within 
the development. If such a communrly association if utilized, ownership theraof shall pess 
with conveyance of the lote in prpetuilv: 

b. con~8y.d to a non-profit organirarion, the principal purpow of which is  the conservation 
or pcenervalion o l  open space; 

c. conveyed ~LI the Town, st no coot, m d  be accepted by  it for a park or open space use. 
Such convsyance shdl be st the option of the Town end shdl  require tde approval of the 
votora at a Town Mmetina; snd 

d. i f  the parcel is  located in  an a~ricultural district, fermlend owners am not required to sell 
. the pafi of their property which is to becorns permenent a~ricultural open space, provided 

that they conwy the development rights o f  that open mpace i n  e c o ~ e w s t i o n  aeaemanl 
prohibiting Iutme d o d o p e n t  of rhe property in aceordance with Section 1.071 (a-c). 

1.072 In ~y care where such land i e  not conveyed to the Town. s restriotion fmforcoabls by the Town 
m h d l  bm recorded to enwra that ouch land ehal be kept i n  un open or nsturel ateto end not be built 
for r w i k n t i d  ure or dev-ed for acaeesory user much ae petking or roadways. Such restrictione 
ehdl further provide for ma in t~ence  for the common l m d  in  a manner which will ensure its 
suilabihtyfa its funetian, appaerancs, clamlineee, and propor meintenonce of drmnege, utilities a d  
the like. 

1.081 A non-profit, incorporated community mociai ion shall be astsblkhd, requiring membership of each 
b t  awnor in the open mpacr cormwnity. The mmunity association shall be responaibte for the 
permenen1 rnaintanancr of ell communal water and reptic syetems, c o r n  open space, 
recreationel m d  thorouphfars facilitim. A community mmoc~ation agreemmt of  c o v e ~ n t  s M I  ba 
8ubminedwithths $p.cid permitlsitr planappmvalappltcation guaranteeing continuing maintenance 
of much common utilitiaa, land end facilities, ~d emarming rech lot e .hare of rnaintenanca 
expeneeo. Such agreement rhdl ba eubpct to the r8view and approvd of Town Couneel and the 
Planning Board. 

1.082 Such wesments w covenants ahan provide that in tho went  that the aosocietion fails to maintain 
1hs common open Lwd in reasonebb order a d  condition in accordance with the agr*ement, tha 
Town may, mhar notics to the erectciation and puMi hearing, entm upon much land and mqintsin i t  
h order to  prwarve the taxable valuer of  the propartire within the development and to prevent tha 
common land from becoming a pubfic nuisnca. The covenants *ell sfso provide that the cost of 
such msb,tmnanw by the Tovm &dl be arem*sd ratably agdnst the properties within the 
development. 

1.08 Proceduns and Pre-Awfication R e v i q  

1 .OBI Appliaants for Open Spsce Communitiem shdl Ci low the Spacial Permit procedures rpecifiad m 
Section - and the Siie Plsn Approval procadurea wpscified in -. 

1.082 To promote better communication and to avoid miwnderdandino, mpl icanh ere encouraged to 
rubrnit a Preliminary Plan for review by th4 Planning Board prior t o  the a p p l i t i o n  for e mpaciat 
permit. Such Preliminary Planm rhdl aomply with the Town's Subdivimion Cmtrol  Ragulations. 

7 .OD3 The Planning Board approval of a apecial psnnit hereunder &all not aubutitute for compliance with 
the Subdivieion Contrd Act, nor &&a the Planning Board to approve a rmlated Dafinitive Plan for 
subdivision, nor reduce any time period8 for Bawd c ~ e i d m t i c m  under the Iew. Howaver, in order 
t o  facilitate procashg. the Planning Bwrd shall. hsofer w practiod under law. adopt regulations 
estsblishin~ procsdures for eubmiaeion of a combined Special Permit applicationlSubdivisian Plan 
which ahall s a h f y  the Board's regulet.me under the Subdivision Control Act. 
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1.094 A SiteIPlan Development Plan shall be  submitted t o  the Planning Board w i th  the application lor a 
special permit. Following epprovel of the special permit, a Definirivs Plan shall be submitted t o  the 
Planning Board consistent with their Subdivtsion Ro~ula l ions and in substantial conformity with the 
approved Site Plsn/Developrnent Plan, excap1 where the Cluster Doueloprneni does not constirule 
a subdivision under the Subdivision Control Law. 
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MODEL AGRICULTURAL PRESERVATION ZONING BYLAW 
[Source: Growth Manaaement Workbook. EOCD, 19881 

[Based upon a bylaw adopted by the Town of Granby. Massachusetts) 

I\GRICULTURAL PRESERVATION DISTRICT 

Purpose 
The purpose6 of the Agricultural Preservation District ere to: 

a. Protect prime agricultural lands for futura food production: 

b. Maintain an adequate agricultural I m d  b e e  ~n (town) 10 ensure continued economia viability lor 
local agrioulcuta and the evrilability of agricultural rupport oervice; 

C. Promota a d a ~ w t e  and efficient proviaion of public service by preventing unptannad ucben growth 
in weor more approprime for agriculture; 

d. Prerarve scenic, historio and other farming-related values which help dofine the character of f towni 
culture m d  landscape; 

a. Allow landowners e rewonable raturn on the velua of their holdings while protecting the majority 
of existing fsmlend for use by futura ~ n o r a t l m r ;  

I. Prmnota and protect the practice of farming in Itownl . 
District [lalinaatim 
Tho Agricukurel Prassrvation Dtctrict is dehned re all bnde dasionaled on rho map ant~tlad 'Aoricultural 
Proearvetion District. Town o l  (townl-', on tile with the Town Cierk. 

Permhad Uses 

0. Agriculturd production, includin~ raising of crops, Livestock. poultry. nurserias. orchards, hey; 

b. Normd sgricvltural practises, including but not limitad to  manure storege, form machine operetion, 
end krtilizer and pesticide w e  as rogulsted by state and federal law; 

C. Uses  accessory to  farm oparetions, including grmnhou9.88, fern animal veterinary facilities, 
agricultural procwsing. end storow facilities; 

d. Farm-relatad dwf l ino  unko ownrd and occupied by persone actively engaged In  ferming: 

e. Sin& famay homaa on frontage Iota not requiring approve1 under the Massechueetts S ~ b ~ v ~ a i o n  
Control Law. M.G.L. Ch. 41, which comply with tha Sita Delign etendardr in  Saction 1.06 end 
other d i m n s i o ~ l  requirements of thir b y h .  

h a s  Perminad with Sita P lm A ~ o r d  
All residential rwbdivnionr in the AgricJturd Preservetion Dmtric~ which r.quire approvd under M.G.L., Ch. 
41 shdl be Idd out in socordonce with the Cktrter Development Stendsrda In Section 1.07 and the Sits 
h i g n  Standards ~n Seotion 1 .OB of this bylaw. and shall require Site Plan Approval from the Planning Board. 
All applicants for Site Plan Approve\ ehdl comply with Section - of this bylaw. 

Additionol Reauirements for Site P l a  A v ~ r w d  
The applicant ahal) comply with the rninimumraquiramente tor cite plan contents in Section- of this bylaw. 
and ehdl dao eubrnit to the Planning Board the following intonnation: 

a. Description or iitustration of the physical oharaeteristicr within and adjecent to this site, including: 
prime aqricultural soils. mile of state end local irnportence, other coils and soil characteristics. areas 
ueed for crop or other sgricultufal production. 

b. Deacciption of complisnce with Cluetot Development Standards In Section 1.07 and Site Design 
Standads in Section 1.08. 
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Criteria for Revlew 
In addition to the Site Plan Approval criterion contained in Section - the Planning Board shell elso consider 
the following criteria: 

a. is in compliance wrth Cluster Development Standerds in Section 1.07; 

b. will not interfere with farming operetions on adjacent lends; 

c. is situated on the portion of tho site with soils least suitable for the production of crops or livestock; 
and 

d. ia integrated into the existing lendscape through (eetures such as vegetative buflers, and through 
retention of open agricultural land. 

Site Oesian Stsnderds 
These mtandarde ehdl apply t o  subdivisions requiring approval under Chapter 41 and to lots or subdivisions 
not requiring approval under Chaptor 41: 

a. All buildings, home8 and structures oheU be located a minimum of to0 feet from agricullurei land 
end rhsll be separated by a 50-foot wide buffnr strip of trees and lancing sufficient l o  minimize 
conflicts between farming operations and residences. 

b. Each otruclura shall be integrated into the existing landscape on the property so as t o  minLnize its 
visual impset end maintaln visibility of adjacent agricultural lends from public ways through use o f  
vagetative and structural screening, landscaping, grading, and placement on or into the surface of 
(he lot. - .  

Cluster Develo~ment St~ndwds 
Rneidentid mubdivision dewlopmente in the Agricultural Presarvation District shall be Wd out eccarding to 
the clustrr development olandarda contained herein. Single-fmilv detached dwellings. or lawful accessory 
buildingo, in a ctuster developmentmsy be constructed on lots which have less area or frontage than normally 
required i n  the underlaying district, as herein epecifiid. 

1.071 Ah buildings m d  r o d e  shall be locnted away han soils which are most euiteble lor agriculture 
(based on U.S. Soil Converration Service clestilications for prima farmland &oils and soils of state 
M d  local importancel 10 the maximum practical extent. This provisbn does not apply t o  the location 
of orbsite noptic disposel fechties whch must be placed in soils meetin0 the Meseachusetts 
Environment Code. 

1.072 All roads, drainage systems and utilities shell be laid out in a manner so as to have the teast possible 
impact on agricultural Lands and uaoe. 

1.073 The minimum bt size for any cluatar d e v e l m e n t  lot .hall ba 20.000 square feet. The minimum 
frontage for such lots 6 b l l  be 100 feet. All other dimensionel rwulrements shall be the same as 
normaUy required in the district. 

1.074 The maximum number of dwelling unite pe rm ind  i n  a residentla1 clusrer development shall be 
calculated according t o  the following procedumn: 

a. The rnmxirnun number of dweltng unite permitted on a parcel of lend shall be determined 
baeed upon unit per acre lor the net developable ncreage remaining once the wea of all 
wetlande and all areas uneuitaMe for orbeite aewage dispoael have been subtracted from 
the total soreaoe of the propem, if appropriate. 

b. Under the mupervieion of the Consarvation Commission and i n  scaordmce wi lh  the 
p r o v i k s  of the Wetlands Protection Act, M.G.L. Ch. 131, Sec. 40, ell wetlands shall be 
identified, end thoir area rubtracted from the net developable acresge of  the total percel. 

c. Under the oupervidon of the Board ol Health, and m conformance with Title 5 porcoletian 
lasts shdl  be conducted for ell Iota in the totel ocreoge of the property which would be 
duveloped in a atendard subdivision layout The area of these lots which i s  determined to  
be not suitable for on-site aewage dilpoaal ehell be subtracted for the net developable 
acreage of the total parcel. 

1.075 The required open land within a dueler shall be determined as follows: 
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a. At  least fifty 150) percent of Ihe net aereege remaining efter the area of dl wetlands have 
been eubtreeted shall be retained as open agricultural land. Remaining open agricultural 
lend shall have appropriate acreage, contigural~on and access lo enable cont~nuad farming 
opere~ions. 

1 .Om All buddngs, homeo, and structures shell be located e minimumof 75 feet from egricullurel lend and 
ahall be separated from agriculturaluess by a 50-foot wide buffer strip of trees and fencing sufficient 
to  minimize conflicte batwean farming operations and residenceo. 

1.077 Tho following stmderds shdl apply to  development requiring on-site wwege disposal. 

a. The applicant ahall submit a eeptic eyrtem design prepared by a certified engineer and 
approvod by the Board of Health and a plan illustrating the locallon of water eupply wells 
with the special permit applicetion. No c m u n i t y  septic system eewing the development 
shall axceed aewage flow of 2,000 gallons per day. Septlt syatams chall be placed m the 
devsloprnant to maxunize the dietence between sy r tmo  and may bo p b c d  withm 
c m o n  mew or in  individual btr .  Meintenence of ~ 0 m W n i t y  saptic ryatems ahall ba the 
rmpancibility of the horn-we' assodation spscifiod in Socthn 1.09. 

b. No clueter development &dl be s p ~ o v e d  unleas tho applicant can demonstrate to  the 
setistact~on of the PLanningkrd that the polanliel for ground-watar pollution is no greater 
from the proposed alustrr d.velopmant than would be expected from a c o n v e n t m ~ l  
eubdivieion with sitlglafamib hourre on lot6 maating the normal lot size requircmvnte 
Ioceted on tha asme pereel. Where necaeaary, the Planning Board may hire a Profatcionol 
Ew$nwr 1P.E.) to analyze m d  certify groundwater quaiity impacts and may charge the 
applicat for the cost of such Mdysb. . 

1.08 Protection of Opan Aaricultvrel Land 
The folowing e tar iddo shall apply to  opan agricultural land to be proteoted as par1 of the development of 
raridential cluster developments: 

1.08) Farrnbnd owners are not required to MU the pan of their property whiah is to become permanent 
agricuhural o w n  rpace, provided that they do convay tho development righle of that opsn cpsaa in  
a conwrvaian ememont prohibiting future dsvulopment of thin property to m y  of the official bodies 
m o d  in Saction 1.082 below. 

1.082 All recneining open agricultural bnd shel be permanently protected by either: 

a. A permanent consewation Mcranent or deed restriction conveyed to the Town of Itown) 
with Town approval or to r nonprofit farmland tnnrt or conservation organizetion whoee 
principal purpoee ie to m a m e  farmland m d  opan epsce. At a minimum, such an 
aaament or realrittian &dl entail the use of manegsmsnt practices that ensure sxis!ing 
fidde or psoturw will be p l o w d  or mowed at baa1 once every yam. 

b. . Owmahip  in  fee rimpk conveyed to the Town of {town1 with Town approval or to  a 
nongco(it fwm trust, open epeca orconmrvahn organization sa a gift or for coneideration. 

1.09 Commvnitv Association 

1.091 A non-profit, incorporated community meodetion shsM be eatabliehed, requiring mmberohip of w c h  
lot o w m r  in the open spsco community. The eomrnunity ea.ocietion shell be responeibh for the 
permanent maintenance of dl wmun i t ywa te r  and septic systems. common open space, recreation 
nnd thoroughfore facilities. A comnunityeesociation agreement of covenant shall be submined with 
the epacial pennit application guwantseing continvim maintenance of such common utilities, bnd 
and facilities, end e e a ~ s i ~  wch lot a ahare of maintenance ocpenres. Such agrsment shell be 
subject to the review and epprovsl of Town Couneai and the Plenning Board. 

1.092 Such agraemente or covenants &dl provide that in the event that the association fails to maintain 
the common open land in  reeroneble order and condition in accordance with the agraemsnt, tha 
Town may. eftw notice to the essocitttion end public hearing. enter upon such land end maintain it 
in  order t o  preaawe tho taxable v e b e  of the propartias within the development end to prevent the 
common land from becoming a public nuisance. The covenante shall also provide thet the cost of 
such msintenence by the Town shell be ssaes6sd ratably against the record owners of  the propeniea 
within the development, their rucoeseona or assigns. 
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1.10 Relationshio to Aaricultural Incentive Area 
All land which is enrolled in the Agricultural Preservation Zoning district shall become eligible for enrollment 
in the Itown) Agriculture1 Incentive Area and, once enrolled in the lncenlivn Area, shall receive any end all 
benefits and incenlives included therein. 

Note: The adoption of this bylaw will elso require Ihe following addibon to the zoning bylew's Table of 
&nensionel Regula rions. 

Minimum Minimum Mln'mum Minimum M a k L n m  Max. Lot 
Wotrict Lot Sue Frontage Side Yud Rest Yard Heiqht Cowraga 

Agricultural 

Note: Communities should consider a parallel amendmen1 to the Town's subdivision regulations to accertarn and 
promote cansisrenc y with this zoning bylaw. 
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MODEL SITE PLAN APPROVAL BYLAW 
1Source: Growth Manaaement Workbook. EOCO, 1988) 

(Based upon a zoning bylaw adopted by me Town of Granby, Massachusens) 

SITE PLAN APPROVAL 

10.00 Pro~ects Reouirina Sits Plan Approval 

10.001 No spacial perrn~t or buildin0 permit shall be ifcued for any of the following uses: 

a. the eonstroction or extsr~or alteration of a cornmarcid structuce; 

b. ths construc~ion or exterior alteration of an industrial structure; 

c. tesidentiel developments requir in~ approval under the Subdivision Control Law (M.G.L., Ch. 41); 

d. any other use specifid in the Schsdula of Use Regulations, which indicates Site Plan Approval is 
required. 

Unless a site plan has barn endorsed by the Plmning Boerd, after conrultstion with other boards, 
mcluding but not limited to the following: Building Inspector. Board of Heelth, Boerd of Selectmen, 
Conservation Commission. Highway Depahnent, Fire D e p a r m t .  and P o k e  Department. The 
Plannino Board may waive eny or dl requirements of site plan review far extarnd enlargements of 
less than 25% of the existirro floor area. 

10.01 Purpose 
The purpose of site plen approval if t o  further the purposes of rhis bylew and to  ensure that new developmant 
ie dasi~ned in a manner which reasonably protects vieual and snvirormsntol qoelitiee and popeny velws of 
the Town. bnd to assure dequate drainega of 8urfsce water and safe vehicular occess. 

10.02 Application 

10.021 Each appkation for S~te  Plan Approval ohall be submitted to the Plannino Board b y  the current 
owner of record. accompanied by eight (81 copieti of tha site plan. The Planning Board shall, within 
fwe 15) days tranemit one copy asoh to the Building Inrpector, Boatd 01 Health, Conservation 
Comm~sdon, Board o l  Selsctmen. Highway Department, F ie  Oepamnent, end Police Departmsnt. 

10.022 The Planninu Bond shall obtain wirh each submiscion, e deposit sufficient t o  cover any ewpenmes 
connected with a public hearing and raview of plans, including the costs of any enginsarino or 
pbnnino consultsnt remwo neceswry for raview purporen. 

10.03 Reauired Site Plan Contents 

10.03 1 All site plans shall be prepared by a registecd architect, Landscape architect, or profassionel engineer 
unless this requirement is waived by the Plenning Bowd because of unosudly simple circumstsncea. 
All site plans rhall be on stwdard 24' w 38' hos ts  end ohdl be prepared at a sufficient rcde t o  
show! 

a. The location end boundaries of the lot, adjacent rtreete or ways, and the looation and the 
owner's narnas of all adjacent properties. 

b, Existing m d  proposed topography, including contours, the location of wetlands, streoms 
watsrbodies, drainage swaler, are- subject t o  flooding. and unique natutd kmd features. 

c. Exieting and ~roposed structures. including dimansions and devatione. ' 

d. The location of parking and loading areas, driveways, walkways. access and egresa points. 

e. The location and description of dl propoaed eeptic systems, water supply, storm drainage 
systems, utilities, and refuee and other waste disposal methods. 

f. Proposed landsape feacures includinp the location and a description of screening, fencing. 
end plantin~s. 
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9. The location, dimansions, height, and characteristics 01 proposed signs. 

h. The location and a description of proposed open space or recreation areas. 

10.032 The Plonnm~ Bonrd may waive any information requirement a t  judges to be unnecessery to the 
review of a parucular plan. 

Procaduras for Site Plan Review 

10.041 The Planning Board shall refer copies of the applicalron w~thin 15 days to the Conservation 
Commksion. Board of Health, and Building Inspector, who shell review the application and submit 
their recommendations and commnto to the Planning Board. Failure of the Boards to make 
recommendations within 36 day6 of the rsferrel of the application rhdl be deemed to be lack of 
opposition. 

10.042 The Planning Board shall b i d  a public hsering within sixty-fiva (651 days of the receipt of M 

epplicntien and after due considoration of the recommendations of the Boerd shall take final action 
within 90 days from the t h e  of hearing. 

10.043 The period of review for a specid permit requiring eita plan approval r h d l  be the sane as any other 
special permit and shell conform to tho r o q u i r m t s  of Chapter 40A. Sec. 9, 'Special Permits." 
Specifically, a p in t  public hawing to address tho Speclal Permit application and S~te Plan Approvd 
applicetion shsU be haid within sixty-five (65) days of the filing of  a specid permit application wi th  
tha Planning Board or B ~ r d  of Appeals. The Plannmg Bosrd shall then have 9 0  days followin0 the 
public h e e r i ~  in which to a d  

Site P h  Review Criteria 

10.061 The following criteria shall be conr idrrd by the aformenlianed Boards tn the review end evaluetion 
of a site plan, coneistent with a reasonsbk, use of the eita for the purposar pamitied ar pannissiblq 
by the regulations of the dirtrict in  which it is located: 

a. If the propoeal requires s special pemtit. i t  mudconform to  the apecial permit raquirements 
am lioted in Section - of this bylaw.. 

b. The development shall be intmrated into the existing terrain and sutrouod~nq landscape, 
end shall be deeigned to protect abutting propertias md community emenitibs. Building 
sitas shall, to the extant feasible: e) minimize use of wetlends, eteap dopas, floodplains. 
hilltops; b) minimize o b s t ~ d i o n  of..ccanio views from publicly accossibk locations; c) 
preserve unique  turd or historicel features; d) minimizetree, vegetation and soil removal 
and grade chenms, s) meximita open rpeca retention; and f1 screen objectionable fsetures 
from neighbdng ptopartiea and roadways. 

c. Architectural slyla to ba in harmony with the prevailing character and acale o f  buildings in 
lhe neighborhood and the Town thrwuh tha use of appropriate build~ng materials, 
screening. braekc m root and wall linea and other srchitoclurd techniques. Variation in 
detail, form and siting shan be used to provide visual interest end avoid monotony. 
Proposad buildinus rhal rabts h m n o n i d y  to each other with adequate light, air, 
circulat~on end aaparation between buildings. 

d. The devdopment &dl be served with adequate water supply and wests disposal systams. 
For structures to  be served by on-mta weste disposd systems, the applicmt shall aubmit 
a saptio system design prepared by a CeRified EnOinew and approved by the Board of 
Health. 

8. The plan rhatl rnarimize the oonvenienca and safety Of vahiculsr and pedestrian rnovarnant 
within the site and in relation to adjacent ways. The plan shell describe estimated average 
deity and psdc hour vehicle trips to ba generated by the site and traffic flow patterns for 
vehicles and pedestriene ahowing adequate access to  and from the 61te end adequate 
circulation within the site. 

f, The site plan shell show adequate measures to Prevent pollut~on of surface orgroundwater, 
to minimize eroeion and redimantadon. and to prevent changee in groundwater Levels. 
increased runoff end potentid for flooding. Drainage shall bedeaigned so that run-off shall 
not be increewd, groundwatar rachar~e k rneximizad, and neighboring properties wil l  not 
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be adversely affected. 

Q The development will not place ewcessive demands en Town aervicsa and infrastructure. 

h. Electric, telephone, cable TV, and other such utilirias shdl  be underground where physically 
end environmentally feesibla. 

I .  Exposed storage areas, machinery. serv~ca areas, truck loading areas. utility buildings and 
structures and other unsightly uses rhall be set back or screened to prolect the neighbors 
from objectionable features. 

I- The site p h  rhall comply with all zoning requirements lor parking, loading dimensions. 
env~ronmenlsl psrfamance standards, and all other provisions of this bylaw. 

10.052 Before spproval of a site p h ,  the reviewing board mey requast the applicant to make modifications 
in tha proposed des i~n  of the praject to ensure that the above criterm are met. 

10.06 Final Action 

10.081 The Planning Board's lmel action rhaU consist of either: 

a A delamination t h r  the proposed prqeot will constitute a suitable development and is in complianca 
with the crclaria set f h  in this bybw; 

b. A written denial of the application stating the reasons lor such denial; or 

C. Approvd subject to any conditions, modifications, and'restnctions as the Plenninp Board may deem 
nocmsary. 

10.07 Enforcement 

10.071 Tha Pbnning Board may require the poot in~ of e bond to  asswe compliance 4 t h  the plan and 
condilmns m d  may swpand m y  permit or ticerne when w& is not parformad as required. 

10.072 Any specid permit with site plan approval b a u d  under this section shall lapse within one 11) veer 
i f  a sub~irmtiel use thereof ha6 not commenced sooner except for good cause. 

10.73 The Plannin~ Board may periodically p lend or add rube and regulations relatino t o  the procedute~ 
end administretion of 1Ms aection. 
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MODEL WATER SUPPLY PROTECTION ZONING BYLAW 
(Prepared by Pioneer Valley Planning Commission, Amended 12/31 191 1 

Note: This bylaw he6 been designed to meet the requirements of the Massechusetts Department of Environmental 
Protection Wellheed Protection 'Source Approval" Regulations310 CMR 22.21 withindesignated Zone 11 arees. Please 
refer to 31 0 CMR 22 il your community is in the source approval process. This model provides, In some ereas, mora 
stringent protaction that the OEP regulations. 

WATER SUPPLY PROTECTION DISTRICT 

1.0 Pur~ose of District 

TO promote the health, safety end wellara of the community by protecting end preserving the surface and 
groundwater resources of the Town and the r e ~ i o n  (rom any use 01 land or buildings which may reduce the 
quality and quantity of its water resources. 

1 . I  Definitions 

1.1 1 Groundweter: All weter found beneath the surtace of the ground. 

1 .l2 Watershed: Lands lying edjacent to water courses and surface water bodies which create the 
catchment or drainage weer of euch water courses and bodias. 

1.1 3 lm~ervious Surfeceg: Materiels or structures on or obove the ground that do not allow precipitation 
t o  infiltrate the underlying soil. 

1.14 Truckina Terminal: Business which services or repairs commercial trucks which ate not owned by 
the bus~ness. 

1 . I5  Hazardous Waste: A wests which is hazerdous to human health or the environment. Hazardous 
wastes have been designated by the Rcguleiwns of the Massachusetts Hazardous Waste 
Management Act, Massachuretis General Laws, Chapter 21C. 

1.1 8 Aauifer: Geologic formation compoeed of rock or sand and gravel that contains significant amounts 
of potentially recoverable potable water. 

1 . I  7 Prirnarv Aquifer Recheroe Area: Arees which ere underlarn by surficid geolog~c deposits including 
glaciofluvial or locustrine stratthed dritr deposits or allwium or swamp deposits. and in which the 
prevatlmg direcoons of groundwater f low is toward the area o f  intluence of water supply wells. 

1.18 Secondary Aauifer Recharpe Aree: Areas which are underlain by surficial geologic deposits including 
till or bedrock, and in which the prevailing direction of surface waterflow is toward public water 
supply wells or potentid sites lor euch wells. 

1.10 'Hazardous materiel": Materiel including but not limited to, any material. In whmtever tom,  which. 
because of its quentity, cmcentration. chemical, corrosive. flemmeble. roectwe. toxic, infectious 
or ,adloactive characteristics, either wpnrately or in combination wi th any substance or substances, 
constitutes a present or potential threat to humon health, safety, welfare, or lo the environment, 
when improperly stored. treated, tremported;disposad of, used. or otherwise managed. The term 
&all not include oil. 

1.1 95 .Zone I19; meens thet erne of an equifer which contributes weter to a well under the most 
severs pumping end reeharae canditions that can be realwtiidly snficipated I1 80 deys of 
pumping st safe yield, w ~ t h  no techarge from precipitation). It is bounded by  the 
groundwater divides which result h r n  pumping the well and by the contact of the aquifer 
wi th less perrneablemateriats such as till or bedrock. In some cases, s t rema or lakes may 
act as recharge bounderies. In 00 cases. Zone II ahdl extend up gradlent to i t s  point of 
intersecrion with preveilin~ hydro~eologlo baundaries (e groundwater f low divide, a contact 
with tdl or bedrock, or 8 rechsrge boundaryl. 
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1.2 S c o ~ e  of Authority 

The Water Supply Protection District 1s en overlay district and shall be superimposed on the othor districts 
established by this bylaw. All reguletion8.of the Town of - Zoning By-law wplicable to such underlying 
districts shall remein in effect, except that where the Water Supply Protection District imposes edditionel 
reguietions, fiuch regulations 6 h d  prevail. 

Note: For sys tem in  DEP's Source App(ov@l process, the Water Supply Protection District must include, a t  a 
minimum. the OEP-approved Zone /I. DEPalso mcwroges, but does no1 rewite, protection of the zone 111sres. 31 0 
C#R 22.2 1 provides rhet, under csrtmn circumstances, DEPmay waive Zone /I delinearion fequiremonrs, if Zone 111 
is adeguardy protected. 

1.3 District Delineation 

1.31 The Water Supply Protection District is herein established to include all lends with'm the Town of 
lying within the primary and eecondary rocheroe arm of groundwater wuilers and watershed 

areas of  reservoirs which now or may in the future provide public water supply. n r  map entitkd 
'Water Supply Protection Ditrict'. Town o f ,  on tik with the Town Clerk, delineetes the 
boundaries of the district. 

1.32 Where the bounds delineated w e  in  doubt or in dispute. the burden of proof shall be upon the 
owner(s1 ot  the lend in question to  show where they chould properly be Locrtsd. A t  the request of 
the ownerls) Iha Town may enpage a professional hydrooedoobt To determine more accurately the 
h a l i o n  and mxtent of an aqu~frr or primary roeharoe area, and m y  charw tho ownerls) lor ell or 
pm of the cost of the invesvgat8on. 

1.4 Permitred Uees 

The lollawing uees sra permitted within the Water Supply Protection District. provided that thay cornply with 
ell applicable rostr~ctions in  thls bylaw, includ~ng but not limited to Section 1.5-1.8: 

1.41 Single family rasidences; 

1.42 Residentla1 accessory uses, includin~ garages, drivrweys. private roads, ut i l iy  rights of way. and 
on-site wasteweter disposal o y s ~ s m s ;  

1.43 Agricultural uses such as faming, grazlng end hort~culture; 

1.44 Forer(ry end nursery ucas; 

1.45 Outdoor recreational u6as. including fishing, boating, and pby  sraar; 

! .Af! Csnsw<~.siion G: -wat6i, plents, m d  wildlife; wildlife management a76es: 

1.47 Excavation for earth rernoval, provided h a t  the requirements of Section 1.6 are met, and an earth 
vemoval permit IS granted by the Board of Seleotmen. 

1.5 Prohibited Useg 

The following me$ ere prohibited within the Water Supply Protectian District: 

1.51 Businesa and induotrd ures, not sgricultuel, which oemrate uoe. West. procoss, store or dispose 
Of hszsrdorn wastes, mcludino but not limited to metal phting. c h e m i d  rnanufectuting. wood 
prmerving. furniture stripping, dry ckaning, and auto body rapair, except for the following: 

a) vary small quenriry gomaraton of hazardous waste, as darined by 310 CMR 30.00 which 
generate less than 20 kilograms or 0 gdkns of hazardour wlrete par month may be allowed 
by Special Permit in accordance with Section 1.9 of this bylaw; 

b) household hazardous waate colectbn centers or avmts operated pursuant ta 310 CMR 
30.390: 

c) waste 011 retention fecilities required by M.G.L. C.21, s.52A. ond; 
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d) treatment works epproved by Mass. Department of Environmentel Protection end designed 
in accordance with 314 CMR 5.00 for the treatmenr of contaminated ground or surface 
waters; 

Note: The above section of ihe model bylaw recommends a more resnictive minimum fhresholdlevel for businesses 
which Denerate hazardous wasre than does 310 CMR 22 which allows very small auenrity generarors which generare 
less then 100.kilograms fZ20pounds) per month, Also, 310 CMR 22 does not specify partiruler industries wh~ch are 
prohibited, but rsrher relies on a broader delmition o f  business that -generate, treat, store or dispose o f  hazardous 
waste ". 

1.52 Businssa or industrial uses, not e~riculturd, which dispose of process wastewaters on-site. 

Note: The sbova clause is not required in  OEP's source approval regulations. 

1.53 Trucking twminals, bus terminals. car washes, motor vehicle gasoline sales, wtomorive service end 
rapoir shops, commercial fuel oil storage and sales; 

Note: The abow clause is not required in OEP's source approval regulations. 

1.54 Solid waste landldls. dumps, auto recycling. auto graveyefds, junk and sdvege yards. lendlillino or 
storage of sludge and septage, with the exception of the disposal of brush or stumps; 

1.55 Storage of liquid petroleum products of any kind, except for the following: 

la) Storage which is incidental to: 

I normal household use end outdoor meintenonce or the heeting of a slructure: 

12) emergency generators required by statute. rule or regulation, or; 

I31 wette oil retention facilities required by  Mass. General Laws C.21, s.52A; 

(4) treatment w&s approved by rhe Maec. Departmunt of Environmental Protscrion 
deeigned in  eccordmse with 314 CMR 5.00 for the treatment of contaminated 
ground or surface M a r s :  

provided that such storage ahall be in a free etmding, above ground conteinsr within a structure or 
within the bmrwnent 01 a sructure. wi(hin diked impennoable area sufficient l o  contain the volume 
of the 1enk plus 10% to prevent spille oc leaks from reachin~ groundwater, and provided that the 
storage tank and p b n g  muot comply with all applicable provisions of 527 CMR 9.00 Massachusetts 
Boerd of Fire Prevention regubtions. 

Nore: This model byhw is more restrictive man DEP'rswrce anprove1 regulations which alYow outs~de, unprotected 
storage tanks for liquid pevoteum prodw& o h w  than gasohne. provided ihey have 8 direcr secondary spgl 
conta'nment wee. 

Lbl Replecansnt 01 etwaga tanks or r ys tme  for the keeping, dispensing or storing of gasoline. 
w h k h  axisled at the time o l  adoption of  this bylaw, provided that: 

(1 I all such coplacement storage tanks w systems shall be located underground so 
required by Meee. Board of Fire Prevention regulation 527 CMR 14; 

I21 ell auch storage systems chat1 be protected by one of the secondsty containment 
systems wecllied in Mess. Board of Fire Prevention regulation 527 CMR 9.0813): 

(3) the head of ths Fire Department may dony an epplicetion for tank replacement, or 
approve i* subject to conditions i f  he or she determrnes that it constitutes a dangrr 
to publ~c or private water oupplies. in eccordence with 627 CMR 0.20(4)(dl. 

Replacement of ell other storage tanka for liquid petroleum products othor than gewline must be 
above ground. in accordance with Section 1.55 above. 

Note: fhe mod4 bylaw providas specific standards for replecement of  existinu (grandfarheredl gasoline storage 
system. The OEPsource ylprovel regubfions do not address this issue. 
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1.56 Ouldoor storago of aelt. de-icing materials. pesticides or hsrbicidae; 

1.57 Dumping or disposd on the ground, in water bodies, or in residential septic eyeterns of any toxic 
chem~cal. including but not lmited to oeptio rystsm cleenerc which contain toxic chemicals such er 
methylens chioride and 1-1-1 trahbathane, or other household hazardous wastes. lSee lisl of 
prohibited chemicola at Board of  Heslth or Town Clerk's oflrce): 

Note: DEP's source approval rsguletions do nor require the above cI~us~. 

1.58 Stockpiling and disposal ol  snow or ice removed from highways and streets located outside 01 the 
Water Supply Protection Dietrkt that contams sodium chloride, calcium chloride, chernicaliy treated 
abresivas or other chsmicels used for snow and ice removal: 

Note: The DEPsource approvalregulahons restrict stockpiEn0 in Zone 11, of sno w or ice removed from outside of Zone 
11. lhis model bytaw, is cvnsequrmtiy. somawhsc more restnth've thon OEFs regulations. The principal reason for 
this approsoh is fhst mosr commumIUties do no t  have appmvad Zone /I arms. 

1.59 Individual mewage diepow1 mystems that ore deugnad to reaeivo more than 11 0 ~aUons of rewags 
per quarter acre per dey or 440 gdlons of sewage per acre per day. whichever is granter. provided 
that: 

a the mplecbment or repair or an sx~sting eystan. which will not result in a n  increase i n  
d a g n  capscity obove tho otioinel design, shell be exemptad; 

(b) in calculating maximum 6ewaOe disposal ayaam density, it shall be assumed rhat each 
residential bedroom will ganarste 110 gallons of sewage; 

Icl max imm owwave dispocal syotem dansity rnsy ba calculated either: 

I1 1 on an individual par lot beeis Le., a 3-bedroom hume generates 330 gallons of 
aawage par day requiring a 314 acre mininurn lot area, ot; 

(21 on a net drnoity bmio for m entire dsvefopment, which includes individual lots 
and common open .pace of varying sin, he., a clustar development of eight 3- 
badroom hamea generates 2.840 gdlom of rswoge per day requiring a minimum 
urtat peroel area of 8 scrss including lots and common open apace). 

(dl In addition to  meeting the etendards ebove, ell lots shell conform to  any applicable 
mihimum lot uze requirements contained m this Zoning Bylaw. 

Nota: Thir section & requirsd by DEPregulstiom and is essentirliy the equivelent of 8 W4 m e  minbnum lotsize for 
e iyp icd 3-bcdroom horns. 

1.606 Wastewater treatment works eubject t o  314 CMA 6.00 lthosa treatment works which 
discharge wer 16.060 gdlonr per dey l o  the oround), except the following: 

a. the replacamant w repair of  mn existing eysternbl that wfil not result i n  a deeion 
capscity greater than the deriun capscity of tho exietmg aystem(el; 

b, the replacemant of an existing eubsurface sswaga d i e p o d  systemls) wi th 
wastewater trastrnont work8 thst will not result in a design capacity greeter than 
the design capacity of the existing eyttam(8). end: 

c. treatment works designad for the treatment of  conteminated  round or surfaca 
waters rubjsct to  3 14 CMR 5.00. 

1.6 Rsshicted Uses 

The followmg ere restricted In  the Weter Supply Protec~lon Dimrict: 

1.81 Excavation (or removal of  earth, lorn, sand, gravel and other moils or mineral substances shall not 
emend closer than five (5) feat above the historical h ~ g h  groundwater table (as determined f ran on- 
site monitoring welk and historicd weter lsble fluctustion data wmpilad by  the United States 
Geological survey, whichever is hi@her). A monitoring well shall be instdled by the property owner 
to verify  roundw water elevations. This section shall not apply to excavataons incidental to perm~tted 
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uses, including but not limited to providing for the installation or rnsintenence of structural 
foundations. freshwater ponds, utility conduits or on-site sewage disposal. 

Note: DEPs source approval regulations sets the limit lor excavation a t  l o w  feet. PVPC's modelbylaw lirnir o f  five 
feet is  based on the recommendation of hydrogeologic studies complefed for area comrncmiries. 

a. Access road(s) to extrecriva operation sites shall include a gata or other secure mechanism 
10 restrict public access l o  the site. 

b. Upon completion o l  earth ramovel operecions, all altered ere- shall be restorod with topsoil 
and vegetative plantings suiteble to control erosion on the site. All fine materials, such as 
clays and silts, rsmoved as part of the earth removal operation end leftover ss by-producto, 
shall be disposed o f  off-site ro prevent damage to aquifer recharge characteristics. 

Sodium chloride for ice control shall be used st the minimum salt to sand ratio which is consistent 
wi th the public highway safety requiranents. and ire use shell be eliminated on roads which may be 
closed to tha public in winter. 

The storsgs of w d i m  chloride, c e k i m  ch)orde, chsmtcdly treated abrasives or other chemicals 
w e d  for the removal of ice and snow on r o d s  shall be covered m d  located on a paved surface with 
berms, or within e structure desqned to prevent the generation and escape of contaminated run-off. 

Fertilizers. posricidec, herbrcides, lawn cere chemicals, or other leschabla materials shsll be used in 
accordance with the Lawn Care Regulations of the Messachusettri Pesticide Board. 333 CMR 10.03 
(30. 3 1). as emended, with manufacturar's labat instructions end dl other necessary precautions to 
minimize adverse irnoacts on surfice and groundwater. 

In casee where soil percolation rates are fester than two minutes per inch. additional measures such 
as appropriate till meteriele, may be imposed by the Board of Health to slow the percolation rate for 
on-site sewage disposal systems, [See Board of Health Regulations). 

Note: Concurrent regularions should be adopted by  the Board of  Health. 

1.88 The storage 01 commerclsl lertilizers and soil conditbnars shall be withrn atrucluree designed to 
prevent the generation and escape of contaminated run-off or leachate. 

1.07 TO the axtont feasible, ell new permanent animd manure storage areas shaIl be covered endlor 
cwtained to prevent the peneretion and sscepe of conterninated run-aff or leachate. 

1-68 All liquid hazerdous materlah, as &fined in M.G.L. Chapter 21E. must be storsd cither in a free 
etaoding container within a bullding, or In a keg standing conteiner above ground level w t h  
protection to contain a spill the size of tho container's tats) storsgo capacity. 

1.71 For commorctel and industrid uses. to the axtent feasible, tun-df from impentioua surfaces shell be 
rechsrged on the site by being diverted toward areae covered with vegetetbn for surface infiltration. 
Such run-off shall not be discharged directly to rivers, etreans or other surface water bodies. Dry 
wdls shell be used only where other melkode are infeasible, m d  ehell be preceded by oil, grese-a end 
oedimen! traps to lscilitate rsmovei of contaminstion. AH rochargr are- shell be pwmanenUy 
mdnlained in full working order by the ownar(6). 

Area Reaulations 

1 .a1 Within the primary aqwfer recharga sree theminimum ellowable lot size shall be 40,000 equere feet 
i n  areas not served by munic~pel sewsrege systems. 

Note: ne above re~ulat ion i s  norrequiredby DEP's socnce approvslrepulations. The esubfishment o f  e mirrimum 
l o t  size for watersupply areas should be based upon careful considmation o f  soils and surficiel aeology in the dismkr. 
See the 'Plsnner's Handbook' for addhionel informarion on this subject. 

1.9 S~ec ia l  Permit Use0 

1.91 Uses Allowed by Specie1 Permit 
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The following uses mey be ellowed by Special Permit obtained from the Planning Board: 

a. Cornrnerciel, industrial, governmentel or educational uses which ere ellowed in the 
underlying district, and which are not prohibited i n  Section 1.5; 

b. Any enlargamant, intsnsihcotion, elteration, or change of use of an existing commercial w 
industrial use: 

c .  The rendering impervious 01 more than 15%,  or 2,500 square feet of any lot, provided thet 
a system for artificial recharge of precipitation to groundwater is developed. whiah shall not 
result in deuredetion of groundwater (see Section 1.71t. 

1.92 Requirements for Special Permit in the Water Supply Protection Distr~ct 

The applicant shall fila six 16) copiaa of a site p h  prepered by s qud i f id  professionel wilh the 
Special Permit Granting Authority. The site plan shall at a minimum include the following information 
where pertinent. 

a. A complete list of chemicsls. pesticides. iuds end other potentially hazmdoub msterids to 
be ueed or stored on the premisoe in qumtities Oreater than those associated with normd 
houeehold uce. 

b. Those businme using or 6tonnp euch hezardous materide rhall tit* a hazardous materids 
msnegement plan with the Pbnmng Boerd. Hazerdous Meterids Coordinator. Fire Chief, 
and Board of Health which shall include: 

1. Provisions to protect againct the discherue of hszerdoue materials or wastes to 
the enwrorment due to spillage. accidental damage, cwroeion, Ieeka~e or 
vendahsm, including apill containment and clean-up procedureo. 

2. Provisions for i n h r ,  mecurad storspa of hazardous matoriels and wastes with 
impervious floor rurfeces. 

3. Evidence of compliance wilh the Regulations of Meaeechusetts Hezadoua Westa 
Manamment Act 310 CMR 30. including obtaining an EPA identificetion number 
from the Mass. Department of Environmentd Protection. 

C. Drainage recharge features end provioione to prevont loss of rechsrge. 

d. Provisions to contrd soil erosion and wdirnentedon, sod compaction, and to prevent 
eeepeDe from sewer pipem. 

1 .B3 Additional Procedures tor Specid Perrriit i n  the Water Supply Protection District: 

a. The Spucial Permit Granting Aulhoriiy rhd l  follow all apocial permit procedures contained 
i n  Section - of this By-lew. In addition the Special Permit Granting Authority shall 
distribute copies of all spplication materials to the Boerd of Heslth, the Conservation 
Commie6ion, md the Water Cwnrnksionme,baoh of whichrhell review the appliceiion, and 
following e vote, shall submit recommendations and comments to  the Spacid Permit 
Granting Authority. Failure of boerds to make recommendations within 35 deyc of 
distribution of the applicet~kmm mhall be deemed to be lsck of oppowtion. One copy 01 ths 
epplicetion meteriak shell be trenrmittad to or retained by the Town Uerk for viewing by 
tha publ~c durinp office hours. 

b. The Special Perm~t Granting Authority may grant the required special permit only upon 
findinq that the propoesd ura meets the folbwing stendards and those specified In Section - of this bylow. The propoasd w e  muat: 

(1) in no way. during construction or thereafter, ridver~ely affect the oxieting or 
potential quality or quantity of water that is available i n  the Water Supply 
Protection District, and; 

(2)  be designed to avoid substantial dtstucbance of the soils. topo~raphy, dreinsge. 
vegatatlon ond other wetardated natural characteristics of the site to  be 
develooed. 
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c. The Special Permit Granting Authority shall not grant a special permit under this section 
unless the petitioner's application materiels ~nclude, in the Board's opinion, sufficiently 
detailed, def~nite end crediMe informatian to support positive findings in rela~ion to the 
standards given in this section. 

1.95 Non-confotmina Use 

Non-conforming uses which were Lewlully existing, begun or in  receipt of a building o r  specld permit 
prior to the first publication of notice of public hearing for this bylaw may be continuod. Such non- 
conformno uses mey be extended or altered, 08 spociliod in M.G.L. Ch. 40a. Seo. 6, provided thet 
there IS a finding b y  tho Planning Board that such change does not increase the danger of surface 
or groundwater pollution from such w e .  

Note: The provisions ot  Section 1.9, above. are not regvriedm DEP's sourcs epprovel reoula?;on+. except for Section 
1.9 l (el which is  a DEP requiremen;. 
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MODEL BYLAWlORDlNANCE GROUNDWATER PROTECTION DISTRICT 
{This bylaw has been designed ro conform to the minimum local control standards specified by the 
Department of Environmental Protection in 3 10 CMR 22.2 l(21.1 

Acknowledgements: This model bylawlordinance was prepared by an ad-hoc committee convened and 
directed by the Messachusem Water Resources Authority. Members include Tam Galla~her from the 
Department of Environmental Protection, Martin Pillsbuv from the Metropotitan Area Planning Council, 
Alexandra Dawsm from the Water Supply Citizens Advisory Committee, Jonathan Yeo end Fred 
Brandon from the Massachusens Water Resources Authority, and PhiCp Chernin of Camp Dresser 81 
McKee Inc. Kim Smith, a MWRA intern, .also assisted in the project. The committee's purpose in 
creating this document is  to provide a generic example of bylawlordinance language which can be 
modified and adopted by Massachusetts communities an internal component of a local water supply 
protectiwr program. The state Attorney General's office has reviewed this model bylaw and concluded 
that it does not appear t o  be inconsistent with state bw. This Attorney General's office review does 
not mean that a community's bylaw that is based on this model will automatically be approved by tho 
Attorney General's office. 

1. PURPOSE OF DISTRICT 

The purpose of thie Groundweter Pro~ection DLstrict 6: 

a. to  promote the health. safety, and general welfare of the community by snauring an adequate quality and 
quantity of drinking watar for the residents, institutions, and bwinesses of the (Town)(City) of 

b. ro preserve and protwt existing and potential sources of drinking weter supplies: 

c. to  conserve the naturd resources of the I townk iWL end 

d. to  prevent temporary and permanent contamination of the environment. 

2. SCOPE OF AUTHORITY 

The Groundwater Protection Oistr~ct is M overley district superimposed on the zoning districts. This ovarlay district 
shall apply to afl new ~ns t rucbon ,  reconetrucllon, or expansion of exiating buildings and new or oxpandad uses. 
Applicable ectivitien or u w s  which fall within the Groundwater Proteetian Dictrict must comply with the requirements 
of this districi am well as with the underlying zoning. Uses thet are prohibited in the underlying zoning districts shell 
not ba permitted i n  the Groundwatar P~o te t i on  District. 

3. DEFINITIONS 

For the purpows of thie section, the f d l o w i n ~  words and phrases ohell have the f d b w i n g  meanings: 

Aquif nr: Geolo~ic lamtation oompoeed of tock, sand, or gravel thet contmne eiOnificant amountn of 
potentially recoverable weter. 

Groundwater 
Protection District:' The zon in~  district dafinad to overlay other zoning districts in the fTownl(Cilv) of -, 

The proundwater protection district may include rpecif~caHy designated recherge areas. 

. The Masrechusens Dspt. of Environmental Protection IOEPI defines two specific types of  rechmge areas - 
Zone 11 and Zone Ill to  which certain re~ulahione mny appty (%a Section 681. If theae zonoe are a pan of the 
District, and hove been approved by DEP. the followinp definition* ohould be included: 

Zone I t  The area of an aquifer which contributee water to  a well under the matst savere pumping and recharoe 
conditions that can be reelistmally enticipaled (180 &ye of pumping at safe yield with no recherge from 
prec~pitstionl, as defined in 310 Code of Maseechusetts Regulations (CMRI 22.00. 

Zone Ill: The land area beyond the area of  Zone H from which surface water end groundwater drein into Zone II, as 
defined in 3 10 CMR 22.00. 
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Impervious Surface: Materiel or structure on, dove,  or below the ground that does not e lkw prec~pitation or 
surlace water to penetrate diroctly into the roil. 

The removal or rolocation of geologic materials such as topsoil, sand, gravol. metallic oren, 
or bedrock. 

Recherge Areas:' Araas that collact precipitetion or aurfece water end cerry it to aquifers. Recharge ereas 
may Include areaa designated as Zone 1. Zona 11, or Zone III. 

Toxic or Hazerdous 
Meterlal: Any substance or mixture of physicel. chemicd. or infectious cheractaristics poslng a 

rignificent, actual or potential hazard to water suppliaa of other hazards to human health 
i f  such substance or mixtura wara diecharge to land or water of the (Town)lCity\ of - 
-. T o ~ c  or hszstdws rnateriats induda, without Imitation, aynthatic orgenic chemicale, 
petroleum products. haavy melds, radioactiva or infectiaus wastes, acids and elkelis, end 
eU subrtences defined mi Toxic or Hatsrdous under Msoeachuratta General Laws lM.G.L.1 
Chapter 21 C and 21 E and 310 CMR 30.00. and elm include much prodma ee cohrents and 
thinners in quantities greater than n m a l  houmhold we. 

4. ESTABLISHMENT AND DEUNEATION OF GROUNDWATER PROTECT ION DISTRICT 

For the pornores of this district, there are b e b y  arteblirhed whhin the (tnwn)lcityl certain groundwater protection 
weas. comisting of aquifers or racharga areaa which are delineated on a map. Thir map is at a mala of 1 inch l o  - feet and is mtltled 'Groundwater Protaction Dietrict. flowrl)lCity) of -, ' dated - . This map is hareby mads 
a Pan of the ( townk i t y l  zoning [bylaw) (ordinances) and is an file In the Office of the flown)lCity) Clerk. 

5. DISTRICT BOUNDARY DISPUTES 
- 

If the location of the Districl boundary in rrlation to a particular parcel is m doubt, resolution 01 boundary diepume shall 
be through a Spacid Permit application to the Special Pewnil Grmting Authority (SPW). Any a p p l i c e t i ~  for a special 
u r n i t  for thie purpose shall be mcompenled by adequete documentation. 

The bwdan of proof shall be upon the ownerlsl of the bnd in question to show where the bounds ahoold propsrlv be 
located. At  tho request of the ownerls), the (tnwn)(cityl may enoage' a p r 0 f e S ~ k d  engineer lcivil or aanitaryl, 
hydrologist, geologist, ot mil scientist to da tm ina  rnora accurately the boundaries of ths d i r t r i d  with respect to 
individual parcek o l  lend, end may charge the owner(s) lor elf or part of tho c o d  of the inveetigetion. 

0. USE REGUUTlON 

In the Gfoundwater Protection Dietricr the foHowinq requlations shall apply: 

A. Permitted Usw 

The followin0 wee are permitted within the Groundwater Protection District, provided that all necessary 
pennitc, orders, or approvd~ required by local. alate, or fodsral law are dao obtained: 

I. comervetion of ooil, watw, plant*. and wildlife; 

ii. outdoor recrretbn, MIUI study, boating, fishing, and hunting whwe otherwise logdly permitted; 

in. foot, bicycle andlor horre pmhr, and bridger: 

iv. normal weration end rng in te~nce of exiating weler bodier and dams. opl-h boards. and other 
water control. supply and conservation devices: 

. h may ba deeirable to spscify the p r o f e e r i a ~ l  requiraments for the p w p h  permitted to redefine districb 
boundarias under this para~raph. For exanpie. a bnd surveyor, registered with the state of Maasachuaette, 
may ba acceptable for the definition of wetorched it. but not rechsrgm area boundariw. 

'. For disputes which may ~ i s e  rdated t o  Zone II arena, (if included in the Districtl the follow in^ provision would 
be appropriate: The determination 01 the location and extent of Zone II shdl be in cdnformance with the 
crlteria sat forth in 310 CMR 22.00 and in the DEP'a Guidelines and Policies for Public Water Svetems. 
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v.  maintenance, repeir, and enler@ment of any exisline slructure. subject to Section B lprohibited 
uses) and Section C (special permitted usesl; 

vi. residential development, subject to Section B (prohibited uses) end Section C lspecial permitted 
uees); 

vii. firming, gerdening, nureery, conservation, lorentry, herveoting, end grazing. subject to Section 8 
(pmhib~ted uses) and Section C lspeciel permitted usesl; 

viii. construction, mmntenence, repaic, end enlargement o l  drinking weter supply related facilities such 
as. but not limited to. wells. pipelmet, equeducte, end tunnels. Underground storage tenks raleted 
to these activities we not categoricdly permitted. 

6 .  Prohibited Uaaa 

The following uses a s  prohibited,'? 

i .  landfills and open dumps as defined In 3 1 0  CMR 19.006; 

ii.' a o r w  of liquid petroburn products, except the following: 

a. normal howahold ume. outdoclr maintonmee, end heating of a snuclure; 

b. weste oil r e t e n t h  fecil~tieo required by statute, rule. or regulation: 

C. emergency generators required by statute. rule, or ragulsuon; 

d. treatment works epproved under 31 4 CMR 5.00 lor treatment o f  around or surfecr waters; 

provided that storage, litfed h items a. through d. above. is in  free-stsnding conteinas within 
buildinas or above oround'with mcondery containment adequate to  contain e sp l l  the size of the 
contaner's total storege capscity. 

... , 
hl. ladlit l ing or sludge or eeptage r e  defined in 310 CMR 32.05; 

i v  storage af dudge and eeptage. unlaca ruch storage ie in complimce with 310  CMR 32.30 end 310 
CMR 32.31 : 

v . ' . ~ i n d v i d u a l  rewage disposal aystamo that are designed in accordance with 3 10  CMR 15.00 to receive 
more than 110 qallons of rovvege per quacter ecru unda one ownership per day, or 440 gallons of 
sewage on any one acre under one ownership per day, whichaver is greeter, 
except the replacement or repair o f  an existing eystem that wil l  no i  result in en increase in design 
capacity ebove the orioinal design: 

. The boundary of the dtrtrict to  whjch there prohibitions apply should be epecificelly indicated. DEP 
requirafnentr (310 CMR 22.21) apply to  ZOM 11 are08 only. 

. F e h r d  end State agencies, and cauntier are not aubject to lose1 zoning regulations. t h i s  ia e lono estebUshed 
principle, recently reinfocced by decisions of the Msss. Suprme Judicid Cow l  (SJCI. h Its zoning enabling 
6ct and wnendments. the mtete tun nwvr  dela~eted the power to regulate sot i t ies on state properties, or 
the properties ol its pdi t icd  subdivisionr. 

'. I t  may be the preference of counael to indude an 'as o l  effective date' clause In relation to ell prohibitions 
which reference state or federal statutes. 

. This could be supplemented through a Board of Health Regulation or other non-zoning bylawlordinencas. 

. This may be best prohibited through a Board of Health Regulation or other non-zoning bylawlordinence. 

? Another way to meet thip DEP requirement and prolect supply wells from ~ x c e e ~ i ~ e  nitrogen concenlratione 
is to  conduct a niboqen loading analyeis within each Zone II. New development within Zone 14s will be allawed 
only if it wi l l  not cause t b  pbnnim~ goal of 6 mul l  nitrate to ba exceeded. DEP must owrove the nitrogen 
loading methodology for wvlle subject to 310 CMR 22.21 12). 

- 
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vii. 

vi~i." 

x. 

xi. 

xii. 

storage of deicing chemicefs unless such storage. including loading areas, is within a structure 
designed to prevent the generation end escape of contarninetad runoff or leachate: 

storage of ~ctunal rnonure unless covered or contained; 

a m h  removal, consisting o l  the removal of soil, loam, sand, gravel, or any olher oarth material 
l includin~ mining activities) to within 0 faat of historical high groundwater aa determined from 
monitoring wells and historical weter table fluctuation data compiled by the United States Gsalogical 
Survey, except for excavations lor buildinu foundations, roads or utility Works; 

lacilitios thet genetate, treat, store, or dispose o f  hazerdous waste subject to M.G.L. 21 C and 310 
CMR 30.00, except the following: 

a. very small quantity Bonerators as defined under 310 CMR 30.00; 

b. household hazardous waste colleclion centers and events under 310 CMR 30.390; 

c. waste oil retontion facilities required by M.G.L C21. s. 52A; 

d. water remediation treatment works approved under 31 4 CMR 5.00; 

automobile greveyerds and junkyards. as delined in M.G.L. c. 1408. s.1; 

treatment works that are subject to 314 CMR 5.00 includinu privately owned sewage treatment 
fwilities. except the follow in^: 

a. the replacement or repair of an eristing lreement works that will not result in a design 
capacity greater than the design capecity of the axistino treatment works; 

b. the replacement of existing subsurface -wage disposal system(o) with wastewater 
treatment works that will not result in  a design capacity greater then the design napecity 
of the wcistin~ systern(e1; 

C. tre.tmant w&s apprwmd by the Ma~nachusetts Department Environmental Protection 
designed for the treatment of contaminated groundwater; 

storage of liquid hazardous materials. as defined in M.G.L. c. 21 E. unless in a free standing contalnor 
within building or above ground w t h  sacondary containment adequate to contmn a spill the size o f  
the contmner'b total storage cagsoty: 

induotrial end commercial wee in which discharge process wastewater on-site; 

stoakpiling and disposal of snow and ice containing deicing chemicals If brought in  frwn outside the 
dictrict; 

storaoe of oommercial fertilizere and aoid conditions. as defined In M.G.L., c. 128, o. 64, unless such 
storage is withi a structure deaignatad to prevent the generation and escape of oontarninated runoff 
or leachate; 

the use of eeptic system cleaners which contain toxic or hazardous chemicele. 

'O. Uncovarod storega of edt in water supply arm9 ia forbidden by M.G.L. Ch. 85 S.7A. 

1 r . All towns end cities should have earth removal rsgulatione to restrict naw and existing oarth removal 
activities. The 6 foot buffer above tho high groundwater is more restrictive than the d feet required by DEP 
for new source approval under 310 CMR 22.21. 

". Includes most vehicular muintenanco focillties, dry cleaners, print and photo processing operetiom es well 
as many industrid uses. 

See however M.G.L. Ch. 404, Section 8 and Chapter Z1D. S.21 

". Provieion not reauired for new sourco approval under 31 0 CMR 22.21. 
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C. Uses end Activities Requiring a Spec~al Permit 

The lollowing uees and activities are permitted only upon the issuance of a S p e d  Permit by  the Specid 
Permit Granting Authority" (SPGA) mder such conditions as they may require: 

anlaroement or alterstion 01 existing uses that do not conform to the Groundwater Protection 
Dislrict: 

the application of pesticides, including hetbicide, insecticides, fungicidss, and rodenticides, lor non- 
domestic or non-egriculturel usas in mccordance withstete and federal standard~. The special pormit 
shall be granted if auch standsrds are met. If applicable, the applicant should provide documentation 
of comdience with a Yearly Operating P h  (YOP) for vegetation managarnent oparetions under 333 
CMR 11.00 or s Department of  Food m d  Agriculture approved Pesticide Mansoanent Plan or 
lntegmted Peet Mansgemem (IPMI proorem under 333 CMR 12.00: 

the application of fertikzers for non -domt i c  or non-agricultural uws. Such applioetions shall be 
mads in o m n e r  w a6 to minirniza d v m e  'vnpacto on groundwater due to nutrient transpart. 
deposition, and rdmantat~on: 

thore activities that involve the handling of tonic or-hazsrdous materiofs in quantiliss greater t h m  
those tmsocibted with normal hwsahofd use, p e d t e d  m the underlying zoning laxcept as prohibited 
under Section B). Such activities shdl require s special permit to prevent aontarninstion of 
groundwater; 

the construction of dams or ather water cantrol devicas. ponds, pools or other chan~ss in 
waterbodies or courses. crested lor mwimming, fishing, or other recrestionel uoas, agricultural User. 
or drainqje inprovsmsnts. Such a c t ~ t i e e  shell not adversaly affect water q u d ~ t y  or quantity: 

any m e  that will rsnder impawioua more than 15% or 2.500 square feet of any lot. whichever is 
ureatu. A ayatam for groundwater rochng. must bo provided which dons not degrade groundwatar 
quality. For non-residentid uses, ~ c h a r g .  &ell ba by rtormwetmr infiltration besins or similar 
svstam coverad with natural vegetetian, and dry wells shell be used only where ather methods are 
infewible. For all non-residmtid usas, a l  such basins end walls shell be preceded by oil. greaae. 
and ~adirnent trapa to tecilitatr remove1 of contsminetion. Any and dl recherge areas shdl be 
parnanantly ma~ntained in fun working order by the ownar. 

. This model bylawlordinanee identifioc, in Seotion 6C. s aerier of etmdard oovemed uoeslactivitias and 
conditions for a rpeciat permit. A town or city may want to  identify additional or more rpecific g o v m d  
uaealactivities or oonditione that ate espsdally relevant to  i ts own situation. None of the epecial permit 
requiremente are mandated by 310 CMR 22.21 axcept C.vi. 

16. Locd conditiame will affect how axtenoiva this and mirnilsr proviaions may become. I f  there are many 
induetrial and cornmereid uees in  Groundwatar Protection District. and their expaneion is probable. spec i k  
conditions should be included in the (bylaw) lordinanca). 

. Tho use at herbicides and pesticides is ragulated by  the Messachusetts Depsrtment ot  Food ~d Agriculture. 
Regulations (333 CMR 11.00and 12.001 that became affective in Jsnuery. 1992, irnpase atrict raquiremanls 
on tha appliastion of epacific pestic~dea end herbicides in Zone II ereas and will require the uee of alternative 
forms of pact rnsnegament. 

- - -  
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7. PROCEDURES FOR ISSUANCE OF SPECIALPERMIT 

A. The Spaciel Permit Granting Authority ( ~ P G ~ 1 " u n d e r  this bylaw shell be the -. Such speciel permit shall 
be oranted il the SPGA determines, in conjunction wi th the Board of Heelth. the Conservation Commission. 
(Town1 (City) Engineerlkpartment of Public Works, and Planning Board thet the intent of this bylaw, es well 
ea i ts  specific criterie. are mat. The SPGA shall not grant a special permit under this section unless the 
petitioner's application materids include, in SPGA's opinion, sufficiently detailed. definite. and credible 
informotion to support positive findings in relat~on to the standards given in this saotian. The SPGA shall 
document the basis for any departures f rom the recommendation 01 the other l townllcltyl boards or agencies 
in its decision. 

6 .  Upon receipt of the spec~al permit application, the SPGA shall trenemit one copy to the Planning Board. Board 
of Health, the Consorvation Commission. and ITown)lCity) Enginwr/Oepartment o f  Public Works lo r  their 
writ ten recommendat~ons.'~ Failure t o  respond in writing within 35 days 01 receipr b y  the Board shall indicate 
approval or no desite to camment b y  said agency. The neceseery numbec of copiaa o f  the application shall 
ba furnished by the applioant. 

C. The SPGA may grant the required special permit only upon finding that the proposed use masts the following 
stendards, those specified in Section 6 of  this bylaw, and any reguletionc or guidelines adopted b y  the SPGA. 
The proposed use must: 

1. i n  no  way, during construction or thereelter, advarssly affect the existing or potentiel quality or 
quenlity o l  water that is  available in the Groundwater Protection District, end 

2. be deaknad t o  avoid substantial disturbance of the soils. topography, drainage, vegetation. and 
other water-related natural cherecteristics o l  the site,ta be developed. 

D. The SPGA may adapt r a g u l a t k s  to govern design features o f  projects. Such reguletions shall be consistent 
with subdivision regulations adopted by the municipslity." 

E. The applicant shall file - copies o l  a r i te plan and attechmente. The site plan shall be drawn at proper scele 
06 determined by the SPGA and be stamped by a professional engineer. Al l  additional rubmittdo rhall  ba 
prepared by qualified professionals. The rite plan and i l s  attachments shall at a minimum include the 
following information whore pertinent: 

1. a complete list of chamicels, pesticides, herbicides, fertilizers, fuels. and other potentially hazardous 
materials to be used or stored on the premises in quantities graetar then those assoc~eted w i t h  
normal household use: 

2. lor those activities using or storing such hazardous materiels, e hazardous materials management 
plen shell be prepared and filed w i th  the Hazardous Materials Coordinetor. Firs Chief, and Board of 
Health. The p l m  shell include: 

a. provietone to protect against discharge of hazerdoua meteride or weates to the environment 
due t o  spillape, e a l d e n t d  damage, cormaim, leakage. or vandalism. including spill 
containrnont and clean-up procedures. 

b. provtsions lor  indoor, secured storage of~hazerdous materials end westes w i t h  impervious 
fbor  surfecas; 

c. evidence of complimce with the Regulations 01 the Maarachu6etts Hazerdous Waste 
Management Ac t  310 CMR 30.00. i n c l u d i n ~  obtaining an EPA idsntificrtion nunber from 
the Msrsachusetts Department o f  Environmentel Protection. 

". M.G.L. Ch. 40A. Section 9 specifies that the SPGAmust be one o f  (he following: Board of Selectman: Board 
of Appeals; or Planning Board. Applioationa should be routed t o  and reviewed b y  dl t o w n  or city boards, 
department and commissions having en interest in or responsibility for roview and approval o f  actions taken 
b y  the appticent. 

1s , The SPGA is encoura~ed t o  adopt regulations to administer this tbylawl (ordinencal. The SPGA should 
consider inc lud in~  performance andlor design standards in such regulationa. This may mean changing other 
reeulatians such es thoee fw subdivisions. 
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3. proposed down-gradient locationlsl lor groundwater monitoring wellb) should the SPGA deem the 
activity a potenlid oroundwater threot. 

F. The SPGA shall hold e hearing in conformity with the provleion of the M.G.L. ch. 40A. s.0 ,  within 85 days 
attar the filino of the applicslion end after the review by the (Town)(Ciw) Boards, Departments and 
Commiraions. 

Notice of the public hearing shall be given by publication and potting and by first-class mai l ln~e to  'parties 
o l  mlerest' as &fined in M.G.L. ch. 40A, 6.1 1. The decision of the SPGA and any extension, modification, 
or renewd thereof shall be filed vwth the SPGA and I T o ~ n l ( ~ t y 1  Clerk withln 90 days follow in^ the c los in~  
of the public heatin& Failure of tho SPGA to act within 80 days shdl be deemed as a grantin0 o l  the permit. 
However, no work #hall commence untd a certiftcation is recorded as required by enid 6.1 1 .' 

G.  Wr~tten not& of any violations of this (Soction)lArticlrl(Ordinancel shafl be given by the (Code Enforcement 
Off~cer)(Building Inspector) to the rarponrible person as soon es possible after detection of a violation or a 
cont inum~ violation. Notice to  the ~ s ~ e s e e d  owner of the property shall be deemed notice to  the responsible 
pareon. Such not iw chdl specify the requirement or restrictton violated and the natwo of the violatmn. and 
mav dm identify the actions necessary to remove or rrmody the violations and preventive messures required 
for avoiding futwa violetiona and s schedule of canplinnce. A copy of much notice shall be submttted to the 
Buildlna Inrpector. the Boerd of Hedlh, Conservation Commirs~on, lTownl(City) EnoinwrlDepertment of 
Public Works, and Water Department. The cost of contaimnenb cleanup, or other acbon o f  comp!iance shell 
be borne by the owner and operator of tho prmniess. 

For situations that require remedie1 action to  prsvant adverse impect to  the water resources within the 
Groundwetw Prolection District, tho ITown)(Cityl o f ,  the Building Inspector, t he  Boerd of Health, or 
sny of  their agbnts may order the owner or opsrator of the p ra i ses  to  remedy the violation. If said owner 
andlor operator does nor comply with said order, the CTown)ICilyl of 

, the Building Inspector. the Board of ka l th ,  or any of their agents, il authorized to enter upon such 
premises under the t m s  of the special permit or otherwise, may act to  remedy tho violation. The 
remediation costs shall be the responsibility of the owner ond operator of the premises. 

8. SEVER ABILITY 

A determination thst any portion or provision of thi. overlay protection district is invalid shall not mvelidata any other 
partion or provision thereof, nor shall i t  invalidate any special pannit previously issued thereunder. 

~p -p 
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MODEL FLOODPLAlN MANAGEMENT ZONING BYLAW 
(Source: Growth Manaaement Workbook. EOCD, 19881 

(Based upon a zoning bylaw adopted by the Town of Granby, Massachusens) 

FLOODPLAIN DISTRICT 

Pur~ase 
The purpose of the Floodplain District are: 

a. To prov~de that lands in the Town of subject to rearonel or periodic flooding as described 
hereinafter shall not be u s 4  for residence or other purposes in such manner as to endanger the 
health or safety of the occupants thereof. 

b. To protsot, prererw, and maintam the water table end water ~echarge IIOdE within the Town so es 
t o  prarerve present end potential water eupplies for the publac health and safety of the Town of 

C. To aaeura the continuation of the natural flow panern of the water couna(sl within tha Town of - in orda to provide adequate md cafe floodwetar storage cepacily to protect persons end 
properly a0ein8t the huardr of flood inundatian. 

Scope o f  Authority 
Tho Floodplain Distr~ct i e  sn overley district and shall be superimposed on the other districts establ~shed by 
this bylaw. An regulations on the (town) Zon~ng Bylaw applicable l o  such underlying districts shall 
remain i n  effect. emcept that where lhe Floodplsin District nnposes additional regulations, such regularicns 
shall prevail. 

District Delineetion 

a. The Floodplain District is defined es all lends designeted as Zone A or Zones A 1-30 on the Town 

of - Flood Insurance Rate Mepa (FlRM). panels Iuonel numbers) . effective date {date) . 
b. The floodwey boundaries are delineated on the Itown) Flood Boundery and Floodway Map 

(FBFM) dated (town) . 
C. T h e  FIRM and FBFM mope are incarpmeted herein by reference and are on tile with the Town Clerk. 

Permitted Uses 
In the Fbodphin District n o  new building shall be erected or conatructod. and no existing structure shall be 
altered. enlarged or moved; no dumping. filing or eerth transfer or relocation shell be permitted; nor shall anv 
1 4 .  building or structure be used for any purposes except: 

a. Outdoor recreation, induding play eraas. naturs study, boating. fishing and huntin0 where otherwise 
legally permitted. but excluding buildings and structures. 

b. Wildlife manegansnt or cowervation dress, foot. bicycle, endlor horse paths and bridges, prov idd 
such uses do not effect the naurd flow partern on any wetar course. 

c. Grezino and farming. including tnrok gardening and havesting of crow. 

d. Forestry and nurssriac. 

0. Dwellings tawfully existing prior to the enactment of this bylow. 

Uses bv Swcial Permit 

2.047 No structure or building shdl  be erected, constructed, substantially improved over 50 percent at 
assessed msrkrt value or otherwis(~ created or moved; no earth or other materide dumped, filled, 
excavated. or transferred. unless a special permit is granted by the Zoning Board of Appaais. 

2.042 The following uros may be dlowsd by Special Permit from the Zoning Board 01 Appoals in 
eccor&nca with the Speciml Permit vs~ulations of this bylaw. and additional restriction6 end criteria 
contained heroin: 

@ Nonpoint Source Management Manual Page 0-27 



a. S in~ le  family detached dwelling 

b. Commercial golf couroe, recreation, ar camp facdity 

C. Commercial landing strip or helipan 

2.043 Thr following additionel requirements apply k the Floodplain District: 

a. Wlthin Zone A or Zones A 30, whore bere flood elevat~on is not provided on the FIRM or 
FBFM, the spplicent ohell obtdn any existing bere flood elevation data. There data wil l  
be rewewed by the Building h8peetor tor their reasonable utilization toword mooting the 
elevetion or floodproofing rrquiranenta, as appropriate. of the State Building Coda. 

2.044 Tha following provisions apply in the Ftoodplain designated on the FBFM: 

a. Within tho Floodway derignatad on the FBFM, no encroachments (including fill, new 
construction, aubrtantid imptwments to  existing structures. or other devdopmont) rheU 
bo dtowed unless i t  io defnonrtrated by the applicmr that the proposed devsbpment, so 
a reauk of compenmting edions, will not remh m any increese in flood levels with the 
Towndur in~ths oawrence of a 1OOywr flood in sccordance with the Federal Emergency 
M a ~ g e m e n t  Agency'o regulstionr for the National Flood Insurance Program. 

b. Anysncrorchnrml in the floodwaymeotin~ the abovo srsndard must elso comply with tha 
floodplain requiremanto of the State Building Cod.. 

2.05 Additional Swaid Permit Ctit& 
In sdd~tlon to chs Spbeid P m i t  criteria specified in Ibvlaw ssctionl , the Zonlng Board of Appeels may 
grant a Speciel P e d r  i f  ir finds: 

a. The prapoosd me  willnot create increased flood b a r d s  which shall be detrimental to tha 
publ~c health, mafrty and welfare. 

b. The propored uwe will comply in all respects to  the provisions of the underlying District or 
Distrmts within which k n d  is  located. 

C. The proposed k in wmplianca with all applicable swte and federal bws, including the 
Masmchusms Building Code and the Masaachusott6 Wetlands Protection Act (M.G.L. Ch. 
131, Sec. 401. 

2.00 Prohibited Usqp 
The following u8er a e  opecificdty prohibited and may not be allowad by special permit: 

a. Sdid wests landfile, junkyards. end dumps. 

b. Bueiners and induotild u n r .  not agriculhnaf, which manufacture, ute. process, store. or dispow 
of hazardous materials or wautes as a principd activity. including but not limited to metal plating, 
chemical mnnufaauring, woad pceewving. funi twe rtrippmg. dry cleaning, and auto body repair. 

c. The outdoor storage of sdt, ather de-icing ohmicalr, pesticides, or herbicides &el) be prohibited 
without ouiteble overhead protection from weather and an impervbua containment area l o  hold the 
vohrne of store chemicalr. 

d. Drainage. dredging, excavation, or dirpoeal of mil or mineral subotancee, except as nsceessry tor 
permirted uses or uoms allowed by cprclal permit, so specified in the Earth Rmoval  Bylaw, - {bvlaw 
section) . 
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{Source: Growth Management Workbook. EOCD, 1988) 
(Based upon a bylaw developed for Connecticut River 
communities by Pioneer Valley Planning  commission^ 

RIVER PROTECT ION DISTRICT 

3.00 Purposes 

The purposes of the Itown) River Protection District are to: 

a. Promote the prerervation of the scenw qualities of the natural landscape along the River: 

b .  Prevent any disruptions to the natural flow of the river: 

0.  Protect fisheries and wildlife habitat within and a l o n ~  the river; 

d. Control erosion and siltation: 

€3. Enhance and pressrvs existing agricultural lends. floodplains, and other environmentally sensitive 
areas along the shoreline; 

f. Conserve shore cover and encourage well-designed deveiopments. 

3.01 Scnp9 o! Authority 
The River Protection -District is a> overlay district and shall be superimposed on the other districts 
estshliehrd by this bylaw. All reguietions of ths (town) Zoning Bylaw eppliceble to such underlying 
districts chall fernain ineffecc, axcapt that whore the River Protbction District inposes edditional regulations. 
such raQuletions shall prevail. 

3.02 District Delineet~on 
The area affected by this Bylaw shell be the ponion of the - Rivor under the jurisdiction of lhis Town, 
its shoror. and lendward UD to two hundred (2001 feet from each bank les defined by the M.G.L. Ch. 131, 
Soc. 40). All distances shall be measuredin horizontel feel. 

3.03 Pannitfed Uses 
The following user are permitted provided they are in conformanco with the Rtver Protection Standards in 
Saction 3.09: 

a. A~ricultural production. incll~ding raising of crops, livestock, poultry, nursefies, orchards. hav: 

b. Recreational uses, providod there is minimel disruption of wddlife habitat; 

C. Memtananm and repair usual and naceesery lor continuance of an existing use: 

d. Conaowetion of water, plants, and wildfife. i n e h d i n ~  the raking and manegemant of wildlife; 

1. Single-family restdanccr an frontage lots no1 requiring approval under tho Msssachusertb Subdivision 
Control Law. M.G.L. Chapter 41. 

3.04 Prohibited Usse 

3.041 No altering, dumping, fining. removal of riverine meterids or drsdging is permitted. Maintenance of 
the river may bo done under requirements of M.G.L. Ch. 131. Sec. 40, and any orher applicable 
laws. bylaws, and regulations. 

3.042 No clear-cutting a{ existing vegetation and no more than minima! disruption of wi\d!ife hebitat is 
permitted except in those cases where the purposes of M.G.L. Ch. 131. Sec. 40, would be 
adversety affected, as determined by the Conservation Commission. 

3.043 All other uses not specilically permitted or allowed by Specid Permit within the overlay zone are 
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Uses By Sl)eoial Permit 

3.051 Construction of one dock providing accsss to the river per parcel or set of contiguous parcels in 
common ownership shall be sllowed upon issuance of a Special Permit from the Plenning Board, as 
specified i n  - of this bylaw. 

Uses BY Site Plan Apvroval 

3.081 All residential subdivisions which require ap~roval under M.G.L. Ch. 41 shall be laid out i n  
accwdence with the cluster development stmdatds contained in Seotion 3.10, and ehelt requrre siie 
plan approval from the Planning Board, 8s epecifisd in - of this bylaw. Each building lot end 
rosidonce within a residential subdivision shall comply with Section 3.09 of this bylaw. 

Addiiland Site Plan A~urovel  Criteria 

3.071 In d d i o n  to the Site Plan Approval Criteria contained in Section -. the Plannino Board shall a lw 
consider whether uses proposed for Sits Pbn Approve1 in the Rivor Protection District meet the 
following criteria: 

a. Compliea with Riwr Protection Standards L\ Section 3.08 end Riverbonk Ctuatsr Development 
Standards in Section 3.10; 

b. L stlustad on a portion of the site that will m e t  lkaly conserve shorelend vewtetion and the 
integrity o f  the buffer strip; 

c. is integrated into the eGstin0 landscape through feeturee such as vegetative buffers and through 
retanrim of the natural shoreline; 

d. Will not result i n  erosion or aedimentet~on; 

e. Will not reeult in water pollutcon. 

Site Plan Av~rovs l  Pfocedurer for Cluater Dsvalobments 

3.081 In addition to the Site Plen Approval procedures contained in Section - the following procedures 
shall be followed in the - River Protection District: 

a. To promote batter cornmunieation and lo evoid misunderstending. applicants ate 
encoura~ad to submit a Prelirn~nay Plm f w  review by the P lann in~ Board prior to the 
application for e specid pennit. Such Prelirninq Plans shall comply with the Town's 
Subdivision Control Rogulstion. 

b. Tho Pbnning Board wantino of rite plan approval hereunder ohall not eubstctute for 
compliance with the Subdivision C ~ t r o l  Act nar o M i  the Plannmo Board to approve a 
related Definitive Pbn for rubdivision, nor raduca any time pariodr for Board consideration 
under thet I-. However. in orderto ledlitate procasing, the Planning Board shaU, insofar 
M practical under law. adopt regulatibcro octablrrhmg proceduros for eubmmcuon of a 
combined Site Plan A p p w d  Application and SubdivisionReview Application which shell 
setisfy this coction and the board's regulations under the Subdivision Control Act. 

A Site Plan Approval Applroation and Subdivtsion~~oviow Application shall be submitted to 
the Plannln~ Board. Followng granting of Site Plan approval, a Definitive Pbn  shall be 
submitted to the Plenning Board consistant with their Subdivision Repulations and in 
subrtential conformity with che approved Special Permit Applicalion and Subdivision 
Revraw Application, except where lhe Clueter bvelovment does not constitute a 
subdivision under tho Subdivieion Control Law. 

Aiver Protection Stsndards 

3.091 All land uses, includin~ all residences developsd either on frontage lots or within e cluster 
devetopment, shell comply with the follow in^ standards: 
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A buffer strip axtonding at lesst one hundred I1 00) feet in depth, to  be measured landward 
from each bank of the - River shall be required lor ell lots within the River Protection 
District. 11 m v  lot. existing at the time of adoption 01 this bylaw, does nor contain 
eufficient depth, measured lendword from the river bank, to  provide a one hundred loot 
buffer strip, lhe buffer strip may be reduced 10 50% of tho available lo1 depth, measured 
landward from the river bank. 

1. The buffer strip shall include trees and shell be keot In a natural or scenlc 
condition. . 

2. No buildings nor structures shell be erected. anlarged, altarod or moved within tho 
buffer strip. 

3. On-ate disposal syetwn ehall be located as far from the - River as is feasible. 

All naw dewlopfnsnt shall be integrated into the existing landscaps on the property so as 
to min~rnize it. vkud impact and maintain natural beauty and environmentallv sensitiva 
shordine weas through ure of vegetative and structurel screening. landscaping, grading, 
end plscoment on or inlo the cur fee^ of the bl. 

Run-off fromnbw devdopmsnt shall be dirocted towards areas covered with vegetatian for 
ewlaca inliltmion. Catch basinc. end piped storm sewers shall be used only whara other 
methods ere infeasible. 

3.10 Riverbank Cluster Development Standards 

3.301 Residentid cubdiviabndewlopmmta in  t h e  River frotection District shall be laid out according 
ro the cluster development standards contained herein. Single-fnmilv detached dwellings. or lawful 
accessory buildings, rnry bs conetructed on lotc in a cluster devotopment, al thou~h such lots have 
leer area on fronta~e than normally required in the undertying district, as herein specified. 

a. The minimum lot site for cluster development lot ohaH be 20,000 squere feet. The 
minimum frontage lor ruch lote &dl be I 0 0  bet. All other dimensional requiremen18 shall 
be aha sane 08 in the roguletionn for the underlying district. 

b. Tha maximum nwnber of dwelling units perminad In a reaidentiel cluster development shell 
be calculated according to tha following procedures: 

1. Tha maximum numbsr of dwelling unit8 permitted on s percel of land shall be 
determined based upon ona rni t  per acre for the net developable ecreege 
remaining oms the area of  all wetlands and all arms unauitebla for on-site sewage 
diaposal have been eubtracted from the totel acreage of the prooerly, i f  
appropriate. 

2. Under the supervision 01 the Comervation Cammissionand in accordenco with the 
provisions of tho Wetlands Protection Act. M.G.L. Ch. 131. Sec. 40, all wetland8 
shdl ba idmtifbd. and thw arm mubsacted lrom the nat dewdopable acreage of 
ma totel PW-I. 

3. Under the protection of the Board of Health, and in conformence with T i l e  V, 
porcolstion teets ehell ba conducted for dl bte  in  the total acraege of the property 
which wouldbe developed in a stnndord rubdivision leyout. The area of those Iota 
which ie detemirmd to be not ouitable for on-site sewage dispoad shall be 
rubtrocted lrom net developable acreage of the total parcel. 

c. All buildings, toads, drainspa oyetema and utilitiee &all be laid out in a manner to  have the 
least poeaibbimpwt on theacenu quektles of the fiver, and on important natural resourcee 
includm~ prime famlsnde, w d m d s ,  and tributary watercourses. 

d. The required open land within a cluetsr ehall ba determined as follows: 

1. At lemt fihy 1601 percent of the net acreago remeining after the wee of all 
wetbnds have been ~ubtracted shell ha retained as open land. 
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2. Open lend shell be conligured in ordar to protect river areas. shorolinas and other 
important natural resource weas such as prime termlends to the extent feasible. 

3. All open lend shall be permanently protected as provided for in Section 3.11 

All residential structures and accessory uses within the development shell be set beck t o m  
the boundariesof the development by a buffer otnp of el  least fifty (50)  feet in  width which 
ahell include trees and shdl be kept in a neturd or landscaped condition. 

The lollowinp standards shall @ply to developments requiring on-sila sewage disposal: 

1. The applicant shall submit e septic syatsm design prepared by s certified engineer 
and approved by the b a r d  of Health and a pien illustrating the location of water 
supply welle with the special permit applications. No community septic system 
serving the devslopment ahall exceed sewage flaw of 2.000 oallons per day. 
Septic ~ y s t a n s  shall be placod in the devnlopment to maximize the distance 
between ayDtarns and rhdl be plaod within c m a n  arras rather than on 
individual late. Maintenance of community eeptic w t s m s  #hall be the 
responsibility of Ihe homeownere' aseociation specified in Sscticm 3.1 2. 

2. No cluster dovdopmnt ohall be approved unlasc me  applicant can demonstrate 
to the ea\nslaotion of tho Planning Board that the potential for groundwater 
pollution 16 no greater from the propored cluster development then would be 
expected from a conven t i o~ l  eubdivieion with single-family houaes on lots 
meeting the normal lot eize requirements located on the s m e  parcel. Where 
nacessary. tho Plerming Board may hire a Profassionel Engineer to  analyze end 
certify woundwater quality impacts. and rnev charge the applicant for the cost of 
such snslyeis. 

3.11 Common Soace Ownership 

3.11 1 All common open land shall be either: 

e. Conveyed to  e community arwcibtion owned or to bs owned by tho owners of lots within 
the development. If such a community atsociation is util~zed. ownership thereof shall pats 
with conveyances 01 the Iota in petpstuity. 

b. Conveyed to a non-profit organization, tho principal purpose of which is the conservation 
or prerrrvetion of open space: 

C. Conveyed to the Town. s t  no costs, and be accepted by it for park or open apece uee. 
Suah conveyance shall be at the option of the Town end shall require the apprwal of the 
votere st e Town Meeting. 

3.1 12 In cares M a r e  auch bnd IS not conveyed to the Town, o restriction enforcrsble by the Town shall 
ba recorded to maure that w c h  land mhdl b kept in m open or natural state and not be built for 
iesidantial uee nor damloped for ocmerrw uaw such so parting or roadways. Svch rsstrictiona 
ahail further provide for maintenance o! the common lsnd m a  manner which wil l  ensure its ruitability 
for its function, appearsnce, dsenliness, end proper maintenance of drmnage, utilities a d  tha like. 

3.1 2 Cammunitv Association 

3.1 21 A non-prolit, incorporated communitysaeociation ehdl k established, rerruiringmembership of each 
lot owner m the open opace community. The community aeeocietion rhall be rerponsibls for the 
p e m n e n t  maintenance of all community water and septic systems. common open space, 
recreattond and thoroughfare facllitma. A communm rssociation agraemeni of covenant ehell be 
~ubmined with the apecial permit application guaranteoingcontinuing InahtWmce of euch common 
m m n t e ~ n c a  expensac. Such sgreement shall be o u b j t  to the rev8.w end approvd 01 Town 
Counsel and the Planning Board. 

3.1 22 Such agreemants or covanants shall provide that in the event that the association fails to msintain 
the common open land in reaeoneble order and condition in accordance with the agreement. the 
Town may. atter notice to the association end public hearing. enter upon such I& and maintain it 
In order to presewe the taxable values of the propafliae with the developmmnt and to prevent the 
common land from bbcoming s public nuisance. The covenants shall also provide that the coet of 
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suchmeintenenco b y  rho Town shdl  be esaessod ratebly against the record ownerso l  the properties 
within the devwlopmant. their succeseora or assigns. 

3.13 Non-Conformina Uses 

3.131 Any lawful use, building, structures. premises, lend or parts thereof existing a t  the affective data 
of this b y i w  or smondments thoreof and not in conformance w i th  the provisions o f  this bylaw shall 
be considered to be a non-conforming use. 

3.132 Any exiating use or structure may continue and may be rnamtained, repaired. and improved but m 
no event made Isrger. 

3.1 33 Any nonzonlorming structure h i c h  is derttoyed may be rebuilt on  the same location but no  larger 
than its overell orig~nal square footage. 

3.141 To avoid undue hardship. nothing in this bylaw shell be d w m d  t o  r q u i r e  a change in design, 
consiruction, or intandad uss of any etructura lor which s building pennit was legally issued prior 
to l h e  effective date of  this bylaw. Such construction mey be completed w i th in  t w o  years t r m  the 
stfectivs date of this bylaw, or such construction shall be requirad t o  confonn t o  this bybw. 
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MODEL SCENIC UPLAND ZONING BYLA% 
(Source: Growth Management Workbook. EOCD, 19881 

(Based upon a zoning bylaw adopted by the Town of Monson, 
Massachusetts and on the Berkshire Scenic Mountains Act, 

M.G.L. Chapter 131, Section 39a) 

SCENlC UPLAND REVIEW 

The purposes of the Scenic Upland District are: 

a. T o preeerve and enhance areas an the Town of - of natural rcenic beauty including mountain, 
ridges, wooded canyons, exceptional net- or viewsheds, and related natural reuources; 

b. To readate new conetruction. vegetation removol. frlling. or excavation af land -which could 
adverwly affect naturd rowurces of  uon ic  qualitks; 

C. To prevent erosion, sedimentation. wster pollution. tlooding and other adveree impsch at 
devdopment in sensitive upland areas. 

S m e  of Authority 

The Scanic Upland District is an overley dtetrict end shell be superlnpoed on the other districts established 
by this bylow. All regulations o f  the - Zoning Bylew e&icahle to such underlying districts shell remain 
in affect. except thnt where the Sosnic U p h d  hmrict  imposes additionel regulations, such regulstians shell 
prsreil. 

District Delineetian 

4.021 The Scenic Upland District Bylaw ehsll be applied to sensitive mountain or steep dope areas of 
scenic; and naturai recource value as designated on the overlay map untitled 'Scenic Upland District, 
Town 01 " ,  on tile with the Town Clerk. 

4.022 The Scenic Upland District i o  intended to includa those mountain or upland ereas which have one 
or more of the followmg chawteristics: 

0. Steep slopee oreater than 16%. 

b. Unique landforms. includiw bedrock outuops. till-coveted hills, geologicd reritiee, cliffc. 
or other unuauel topographic hturbs; 

c. Areas of h i h  viwal amenity including areas with sceniu views, farrnlnnds, strewns. 
werlands, waterways. a d  famted  elapar. 

Permitted Usss 

a. Agricultural production, includiw raising of crops, livestock, poultry, nurceriee, orcherds, hey; 

b. Recreational uses, provided there is minimal disruption of wildlife hebitst 

C. Maintenance and repair usud and neceaeery for continuance 01 an eximing use; 

d. Comavation of weter, plants and wildlife, including the raisin0 and management of wildlife. 

(1. Usm permitted under M.G.L. Chapter 40a. Section 3 with the ljmitationr impoeed therein. 

Prohibited Uses 

All user not permitlad in Seotions 4.03 or 4.05 shall be damsd  pohibited. 

Uses Pennittqd W ~ t h  Scenic Uplend Revmw 

The following uses &all be permitted subject to Scenic Upland Review of project cite plnns prior ta the 
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isruence of a building permit or Special Permit or npproval of a definitive plan under lhe Massachusetts 
Subdivision Control Law: 

a. Any construction or significant alteretion of any.dwelling or other structure, il any such action 
affects the axterior appearance. A si~nificant elterelion is defined as any alteration exceeding - 
parcent of the existing square foota~e of the structure, or which adds to the height of s structura, 
or which substantially eltera the visual profile of the property or structures thereon: 

b. Any canmarcia1 or industriel use allowed by Special Permit in  the underlyin~ district; 

C. Any subdivision which requires approval under the Massachusetts Subdivision control Law. M.G.L.. 
Ch. 40. 

4.06 Scenic Uoland Review Bawd 

4.081 In accordance wim the provirion8 o l  Chaptar 40A of tho Mssmechusetls Gonerd Laws, a Scenic 
Upland Review B o d  chall review applications a d  site plenr for 611 actions that are subject to this 
bylaw, and shall melts recommandations to the Building Inspectoc. Planning Board or Zoning Board 
of Appeals eo dascrhd in Section 4.08 connrning tha conformance of the proposed action to the 
dealon and development standdrds contained herein. 

4.062 Tha Scenic Uplend Reuiaw Board shall conurt of fiva members, two of whom are ragtstered 
architects. landscape architects, or persone with equivalent professional training. and one of whom 
own* pmparty in the affected areas. Appointmanta to the Scenic Upland Review Board shell be 
made by the Board e! Sak&nen. 

4.083 The tarma of dl membarr of tha Scmic Upbnd Review Boardrhall be three yeere. excepl that when 
the Boad ie originally amtabliehad, the 5oard of Selectmen shall make two of ?heir appointrnenrs for 
a three-year term, two appointmanu for a two-year term. and the remeinin@ appointment shall be 
lor a one-year term. 

4.07 A ~ ~ l i c a t i o n  Contents and Procedures 

4.071 Apphwations for all acttons rubiect to raviaw by the Scenic Upland Review Board ahall be mads by 
canpleting an appliiation fonn and sit* plan and submit tin^ it to the Building Inspector. Appl~aation 
fomo are evailabla from the Office of rho Building Inspector. 

4.072 AR applicationa to the Scenic Upbnd Review Board shell indude all information raquired by the rules 
end ragufnfions of the Scenic Upland Review Boerd, as applicable, in addition to any other 
infomation the; ie raquimd under this bylaw ac part of en application for a spacid permit variance 
or building permit. 

4.073 To fmcilitate siting and d w i ~ n  ol  buildings wnsitively related to the natural setting, spplacatian for 
Scenic District Review of prqlo6ad development in  tho scenic dietrict must ba accompanied by a 
r i te plan which deacribw or i lwtfaba: 

a. The location end boundwiar of the lot, adjacent atrests ar ways. and the location and 
ownr 's name8 of dl sdjacant propartier: 

b. Ekieting and proposed topography includino contours, the location o f  wellsnde, streams, 
wsterbodies, dreinwa ewdns. areas subject to flooding and unique natural land features; 

c. Placement, height and physicel eheraclaristics of  existing and ~roposed buildings and 
etruoturee located on the develooment site: 

a. Proposed landscape featoror including the location and a description of screening, fencinu, 
end planting: 

f. View pointe - Photographe of the developmen1 site taken from points along the s~reet. 
together with a map indicating the dietanca between these points and the site; 

. The location of parkino and loading areas, driveways. wdkweys, access and egress points; 
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h. The location and a descriplion of ell proposad septic systems. water supply, storm drainege 
systems, utdiries, and refuee. and other waste disposal methods: 

I. The location end e description of proposed open epece or recreation areas; 

i. Mee~uros lo  be undertaken during end afler construction to pravenl ~0Si0n. sedimentetion. 
flooding, or water potlution. 

Review Procedures 

4.081 Upon receipt of an spplicetion for Scenic Uplmd Review, the Building lnspeotor shall immediately 
transmit the application to the Scen~c Upland Review Board. The Scenic UplandReview shall review 
the application and return its recommendations in wrrting to the Building lnspsctor wilhin thirty-five 
(35) dsys of tha receipt of the sgplicalion. If tho applicetion )or Scenic Upland Raviaw is sesociated 
with an applloation for a variance, specid prrmit. or subdivision review. the Scenic Upland Review 
Board shsll immediatdy trsnsrnit their rscommendotionr to  the Plunning Board or Zoning Board of  
Ac lpda a~ appropriate. 

4.082 If tho Scenic Upland R a w  does not submit Its fammmundetions to  the Euildimg lnepeator within 
thmy-five (35) days, ouch failure to act chall conmilute appowl  of the applicslion. 

4.083 The Scanic Uplend Rwisw Bosrd'a ection ahall be advisory and shall consist of either: 

a. A delermination that the propoeed project dl\ conetilute a suitoble davelopmen~ end is in 
compliance with the ctiterb met forth in  the bylaw; 

b. Approval subject t o  conditione, modificetiw, end reetrictions es the Scenic Uplend Review 
Board may deem necessay. 

4.084 The applicant shsll br ~lvm wi t tan  notice of the publio meeting at which their application wil l  be 
reviewed, and ohall be given an opportunity to be hoerd on the rpplicetion. 

4.085 The build in^ Inspector. PIsnning Board, and Zoning Board of Appaale shall, in making their permit 
grent in~ decisions, g i w  d w  considwetion to  the Scenic Upland Raview Board's recommendations, 
end shdl communicate all subeequent dwcisians to said bard.  

Scenic District Review Critaria 

4.081 Scenic Dimict  Review should ensure thsrwhen man-made .structure8 we built in scenic ereas. they 
are rensitively related to the ndturd setting snd that special consideration has bean givon to  their 
citina and design. 

4.082 A Scenic District application may be opproved where consistent with Iha following criteria: 

e. Buildinpo, buildin0 msterialc, end l dacap ing  are designed and located on the site t o  bland 
with the netwal terrain and vegotstEM and preserve the scenic character of the site; 

b. Where public v i ~  will unavoidably effected by the proposed usa, arch~tectural and 
landscaping measures hava been mployed so as to minimize significant degradation of th r  
existino acanic or aesthetic qualities of the site; 

c. Safeguards have bean employed where needed to mitigate egainst environmental 
degradrtmn from eroeion, e e d i * a t i o n .  water pollution, or floodiog. 

Desian and Develapment Standards 

Alf appiicationo for Scenic Upiend Deaign Review ahdl comply with the following design and deveiopment 
standards: 

4.1 01 Siting of  Structuree 

a. The placement of buildings, structures, or slgns shall not detract from the scte's scenic 
qualities or obstruct significant views. and shell blend with the natural bndacape. 
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b. Building s i~es  shall be directed away from the crest of hills in order to preserve the visual 
integrity of the district. 

c. Developments lor  more than one structure shell incorporete verieble setback. rnultiple 
orientar~ons, and orher site-plenn~ng techniques to  avoid the appearance of a solid line of 
devolopmsnt. 

d. Foundations should be c o n s t ~ c t e d  t o  reflect the natural dope  o f  the terreln. Excessive 
support members or  mechenical systems should be covered or screened. 

4 .102  Building Materials. Colors. and Architectural Style 

e. Natural building materiels which blend wi th the natural landscape, such as brick, stone. 
mesonry or wood  should k emphasued in the design of the exterior. 

b. Architactural style ehall reflect the traditional New Engbnd character of community. 

c. In seiecting exterior colors for structures. reference shall be given to 'earth' colors, such 
as olive, ochre. tianno. gray. wsy grwn. gray blue, etc. Werm colors may be appropriate 
for Small accessory uses or for design details. 

d. Businass or industrial uses other then restaurants, recreationd uses or trevel-related uses 
such as gasoline s e ~ i c e  stations and roadside stands era to  b e  conducted entirely within 
enCl0Sed buildings. 

4.103 Landscapin0 end Sitc Preparation . . .  

a. In hdscaping.  preference shall ba given to  native trees and plants. 

b. The removal o t  native vegetation or trees shell be minimized t o  the extent feasible in  
clearing sites for n e w  structures or roads. Selective cleanng of  vogotation may be 
permitted where views may be praeantly obscured by euch vegetation adjoining or  wi th in 
200 feet of a public orprivata way. subject to approval of the Scenic UplandReview Board. 

C. Retaining w d l s  may be ueed to aoa te  usablo yard space in the side and rear ymd.  
Retainin0 walls in tha exposed side and downhi l  portions ot  a lo t  shall be screened w i l h  
appropriate lendscaping'meterl8Io. 

d. Any  grading or earthmoving operation in  conjunotion w i t h  a proposed development shall 
be p h n e d  and executed in  such manner the1 f ind  contours ere consistent w i t h  the existing 
terram both on end adiacent to  tho eite. 

4.104 Accessory Uses and Utilitms 

a. Utllitios shell be c o n s t ~ c t e d  and routed underqround except in those situations where 
netural features prevent the underground aiting or where safety considsratlons nacessitata 
abova-ground canstruction md routing. Abavu-ground utititiea shalf be constructed end 
routed to  minimize detrimentel bflecte o n  the virus1 ee t t in~ .  

b. Potentially unsightly eccesaory uses such as parkina lots. stotaoe ereeo. equipment sheds. 
above-ground swimming pod, end amrmunicetions tawere ahall be located in areas not  
visible from streets, or shall be ncresnsd by  dense evergreen plantinge or  bndscaped 
earthen berms. 

c. Antennae shall not be e~lhouetted wa ins t  the view, preferably no t  mounted a n  roof. 

4 .105 Signs 

8. Sions shall be c o n s t ~ c t e d  end located on the site so as to, as nearly as possible, satisfy 
the s t ~ d a r d s  i n  Section 4.1 01 la}. 

b. Signs shall be o t  the minimum size end heioht nocefsary for identification o f  the business, 
and shall be loceted on the building premises. 

c. Signs shall not be mternelly illumineted. S i ~ n s  shall be illuminated only w i t h  steedy. 
stationary, shielded light sources directed solely onto the sign wi thout  ceusing glare. 
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4.106 Prevention 01 Water Pollurion and Flooding 

a. Storage andlor transmission o l  petroleum or other relined perroleurn products is prohibited 
axceot within building6 which they wil l  hear. Petroleum products storad within a building 
shall be placed on a diked, impermeable surlace to prevent spills or leaks from roaching 
groundwater. 

Thr m o u n t  of sanitary waste discharged to an on-site sewerage system ehdl not oxceed 
330 oallonr per dsy per acre. 

All run-off from impervious rurfecas shall be rechar~ed on the site by bsing diverted to 
stomwater infiltration besins covered with natural vegetation. Stomwater infiltration 
bawns mu61 be designed to handle o 25-year storm. Dry walls shell be used only where 
other methods me inleesiblo, and shell be preceded by oil, grease. and sediment traps to 
facilitate romovd of sontanination. Any end all recharge areas shall be permanently 
msintelned i n  lull working order by the owner. 

4.107 Pravention of Erosion and %dimentat~an 

o. No area or ereas totalling two (2) acres or more on any percel or conr i~uous parcels in the some 
ownership shall have existing vegetation char-rtripped or be filled six ( 0 )  inches or more so as ro  
destroy om~ting vaoetation unless in conjunction with aprioulnnal activity or unlscs necessarily 
incidental t o  construction on the ptamiees under o currently valid building psrrnit ot unless within 
strwio which we either public or designated on an approved subdivision plan or unless a spec~al 
permit 1s approved by the Planning Board on the condition that run-off wil l  be controlled, erosion 
avoided and either a cons t~c ted  surface or cover vegdtetion wil l  be provided not later then the first 
lul l  spring seeaon Lnmediately fd lowi rq  completion o l  the str lppin~ operation. No stripped area or 
areas which are ellowed by special permit shall remain t h rou~h  the wintor without a temporary cover 
of winter rya or similar plant meteriels being provided for mil control, except in the case of 
agricuttual activity where such remporsry covar would be infesdbb. 

b. Sediment end erosion control rneasurss shall be employed to minrnize such impacts during and alter 
construction, in accordance with guidelines ostsblishod by  the U.S. Sod Conearvation Service 
'Gu~delines tor Soil and Watet Conservation In Uibsnizing Aroes of Massachusetts.' 

Page D-38 Nonpoint Source Management Manual @ 



MODEL WETLANDS PROTECT ION BYLAW 
ISource: Growth Manaoement Workbook. EOCD, 19881 

l ~ a s e d  upon a by law  adopted by the T o w n  of Arnherst, Massachusetts) 

WETLAND PROTECTION BYLAW 

5.00 Purpose 

The purposes of thie bylew are to protect the wetlands, related water resources, end sdioininp land areas in 
the Town of - by prior review and contrd of activities deemed by the Conservation Commission likely 
to have a significant or cumulative effect upon wetlend vdues, including, but not limited to the followmg: 
public water supply, plivare weter supply, grandwater, flood omltrol, erosion and sadamentation control, 
storm demage prevention, prevention of water pollution, fisheriet, wildhfe, wddlife habita~, recraetion, and 
aesthetic values; these values are to be known aolleotively as the 'wetlands protected by thls bylaw.' 

5.01 Jurisdiction 

Excap1 as permined by the Conservetion Commission or.ae provided in  lhis bylew. no person shall remove, 
fill, dredge. build upon, or alter the following resource areas: 

a. Any freehwater wetland, riverine wetlands, marsh, wet meadow. bog or swamp, or within one 
hundred (100) f w t  of asid ereee: 

6. Any bank or beach. or within one hundred (1001 feet of smd areas; 

c. Any lake, river, pond, or straem, whether intermittent or continuous, natural or man-made; 

d.  Any land under aforesaid waters; 

s. Any land subject to  floodin0 or inundetion by groundwater, ourface water, storm flowape, or within 
01-18 hundred (1 00) feat 01 said erem; 

1. Isolated wedanda induding kettle holes, M within one hundred 1100) feat of said arees; 

0. Seasonal wetlands, or within one hundred (1 001 be t  of smd eress. 

The appl~cmwn and permit required by this bylaw shell not be required tor maintaining, regainng, or replacing. 
but not substantially changing or enlarging (more then 50% of strunure area). an existinp or lawtully located 
structure or facility used in the service of the pubkc to provide electric. gas. water, telephone. telegraph or 
other teleoommuniaotion services. sanitary eewers and storm sewers, provided thar the structure or facility 
is not eubrtantidb changed or enlarged. provided that written notice ha8 been given to  the Commiseion at 
lease forty-eight (48) hwrc  prior to  commmcemant of work. and provided that the work conforms to 
p o r f m m c e  standards in ragulationo edoptod by the Commi6sh-t. 

The application and permit required by thh bybw eheH not apply to emergency pro*ts nacessory for tho 
protection of the health or safety of the public, provided that the work is to be perfomad by or hss been 
ordered to be performad by an agency of the Commonwdth ore political subdivision thereof, provided that 
advance notice, ord  or written, has been oken t o  the Cornmisaion prior to commencement of work or within 
twenty-four (24) hours atter commencement, provided that the Conserverion Commissionor its soent oertifiee 
the wofk as em emrOency projeat, provided that the work ie performed only for the time and place certified 
by the Conservelion Cmnmiesion for the limited purposw necessary to abate the emergancy. and provided 
thar within twenty-one (21) dew of cmmencsmem of an emrrgrncy proiscl a permit spplication ehall ba 
filed with the Comrnitsion for review as provided i n  thie bylew. Upon foilura to  meet meme and other 
requirements of the Commieskn, the Cornmiosion msy, after not~cs and public heenno. revoke w modify m 
emeroency proiect approval a d  order restoration and mitigation measures. 

The spplical~on end permit required by lhis bylew h e l l  not be required for work performed for the normal 
mcuntenance or 'mprovament of lends in agricultural uee. 

The epplication and permit mqulred by this bylaw shall not be requ~red for work nerfonned when covered by 
a proper notice of intentllorest cutting plan as f led under M.G.L. ch. 132, sect. 4048. (Forest Cutting 
Practices Act). 
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Determination. Permits and Conditions 

The Commissionshell have the authority, after a public hearing, to detarmine whether a specific parcel of lend 
contains or doer not contain gosource areas protected under this bylaw. It the Commission finds rhet no such 
resource areas are present, it shall icsue a negative determination. 

If the Commission. aher a public hearing on the permit appbcation, determines that the activities which are 
the subject of the application era likely to hava a significantor cumulative detrimental effect upon the wetlend 
valuea prorected by this bylaw. the Commieeionwithintwenty-one I21 1 days of the close of the hearing. shall 
issue or dany a pannit for the activities requested. If it issue a permit, the Commission shall impose 
conditions which the Commiasionde~ms necessary or desirable to protect those values. and all nctivilies shall 
be done in accordance with thane condit~ons. 

The Canrniseionis empowered to deny a permit for lailure to meel the roquirsments of this bylaw, for failure 
to  submit neceseary information end plens requested by the Commission; tor follure to meet the derign 
apac~fication, perfotmance standards, and other raquirments in reguletions of the commkaion; for failurr to 
avoid or prevent si~nificant or cwnulative detrimental sffects upon the welend values protected by this 
bylaw; and where no conditions are adequate to protect those valuer. 

A permit chdl expire three years from t h  date of issuance. Notwithstanding the above. the Commission in 
its discretion may issue a permit exp~ring five years lrom the dale of issuance for recurring or continuoue 
maintcmnce work, provided thar annual notification of time and location of workis given to tha Commission. 
Any permit may be renewed once for an additional one year period. 

For ~ o o d  cause the Commission may ravoke or amend a porrnit issued under lhiffi bylew alter public notlce 
sndbublic hearing, end notice to the holder of the permit. 

The Commissionin an appropriate case may combine the permit or other sction on an application issued under 
this bylaw with tho Order ot Conditions OI other action issued or token under the Watlends Protection Act, 
G.L.. Ch.131,Sec. 40. 

Aftar public notico end public haaring tha Commissions s h d  promul@ate rules and ragulmions to accomplish 
the purposes of this bylaw. These regulations shalt be consietenl with the terms of this bylaw. The 
Commission mey @mend the rules and regulations after public notice and public hearing. 

Failure by the Cornmireion to promulgate such rules and regulations or a legal declaration of  their invalidity 
by e court of Isw shell not act to suspend or invalidate tho afhct of this bylaw. 

Uniess otherwise stated in this bylaw or in the ~ I e s  and reguletions promulgated under this bylew, the 
definitions, procedurea, and performance standards of the Wetlands Protection Act. G.L. Ch. 131, Sac. 40 
and associated Regulations. 3 10 CMR 10.00 as promuloatad April 1963. shall apply. 

Definitions 

The following definitiovs nhdl apply in the interpretation and implamentation of this bylaw; 

The term "person* chall include any individual, group of individuals, association, partnership, corporation, 
company, business organization, trust, ectate. the Commonwealth or political subdivision thereof to  the 
extent subject to  town bylaws. administrative agsnoy. public or quaai-public corporation or body. this 
municipdity, and any other lagd entity, its legal rapteaentativas, agents, or assigns. 

The term 'dter' shall include. wilhout limitation, the IoUowinp octivilies when undertaken to, upon. within 
or effecting areas protected by this bylaw: 

a. Romoval, excavation or dred~ing of soil, sand, gravel, clay. minerah. or aggragete materiels o l  any 
kind: 

b. Changing or pra-exiating drainage cheracteristice, Itushing cherectetistics, oalinity diatnbot.m, 
sedimentation patterns. flow patterns. or flood retention characteristics; 

C. Drainage. or other disturbonce of watar level or weter table; 

d. Dumping, discharging, or filhng with eny material which may degrade water qudity: 
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e. Placing 01 fill. or removal of materiel, which would alter elevat~on; 

f. Drinno of piles. erection or repair of buildings, or s~ructuree of any kind: 

8 .  Plocing of obsrruclions or objects in water: 

h. Destruction o l  plant llle including cutting of trees; 

I. Changing water ismperstwe, biochemical oxygen demand. or other phyticol, chemical, or biological 
characteristics of surface and ~roundweter; 

i. Any activities, changes or work which may cause or tend to contribute to  pollution of eny bo6/ of 
water or groundwater. 

Security 

As part of a permit issued under this bylaw, in addition lo any security raquired by any other municipal or 
state board. agency or official, lhe Commission msy require that the performance and observance ol  tho 
conditions imposed hereunder be secured wholly or i n  part by a proper bond or depofn of money or ne~otiaMe 
eecuritiso or other underteking of financial respone~bitiicy sulfieient in  the cpinlon of tha Comm~ssion. 

In addition ar in the Jternative, the Cmrnisslonrnay accept ae security a conwrvation restriction, easemsnl 
or other covenant enlorcoeble in a court o l  Law. executed and duly recorded by the owner of reoud. running 
with the land to  the benefit of this municipality and observad befora anv lot may be convayed other thsn by 
mongaoa deed. 

Enforcement 

The Commission, its agents, officers, and employees rhell have the authority to enter upon privately owned 
land for the purpose of performing their dutias under this bylew and may meka or cause to be made ruch 
examinations, 8UffByS. or smplinos as the Commission deems necessary. 

Ths C m i e s i o n  shall have authority to enforca thin bylaw. its ragulations, and permits issued thereunder by 
violation notices, adminietrative ordere, and civil end crminsl court aebons. 

Upon requeet of the Cornmiasion, the Selectboard and the Town Counsel will take legel sction for 
enforcemant under civil law. Upon request of the Commission, the Chief of Police t h d l  teka legd ection for 
enforcement under orirninal law. 

Any person who violates any provision of this bybw. regulations thereunder, or permits issued thereunder, 
shall be punished by a f i e  of not more than threehundred dollars 15300). Each day or po r t iw  thereof dvrino 
wNch a violation continues shall connitute a separate offense. end each provision ot the by(ew,regulaions, 
or permit videted shall constitute a separate offanee. This fme mey be in addition to any levied under the 
Wetlands P r o t ~ b o n  Act, G.L., Ch. 131. Sac. 40. 

In tho altsrnauve to criminal prosecution. the Commission may elecl to utilize the non-crimind disposition 
vrocaduree set forth in G.L.. Ch. 40, Sec. 210. 

Burden of Proof 

The apglicant for a permit shall have the burden of provino by a prepondarance of credible evidence tha the 
work proposed in the application will not have any significant or cumulative detrimental effect upon the 
wetlend values protected by thie bylaw. Fmlure to provide edequate evidence to  the Cornmiaeion supporting 
this burden shall be euflioisnt cause for the Commission to deny a permit or grmt a permit with conditions. 

Relation to the Wetlands Protection Act 

This bylaw is adopted under the Home Rule Amendment of me Maoeechusstts Constitution and the Homo 
Rule stetutes. independent of the Wetlands Protecilon Act. M.G.L.. Ch. 131. Sec. 40, and the regulations 
thereunder. 

Severabilitv 

Thia invalidity of any section or provision of this bylaw shalt not invalidate eny other section or provision 
thereof. nor shell it invalidate any permit or determination which previously has been wed. 
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REGULATlON PROVIDING FOR SEPTIC SYSTEM INSPECTION 
0 

Nlased on Health Reaulations oassed in Whatley, Sunderland and Gill. 
~as;achusetr;, effective Feb., 1991 ) 

1. INSPECTION OF SEWAGE DISPOSAL SYSTEMS PRIOR TO TRANSFER OF REAL ESTATE OR CHANGE IN 
USE. 

A. Purpose and Authority 

1. Authority. Thesa ragulatrone rhd l  be effective on and efter 1 data _l and so remain until 
modified or mended by tha Board of Health. They ara enactad by the board of health 
under authority which includea, but is not lim~ted to one or more of the following: 
Ma~sschusatts General Laws. Chapter 11 1, Section8 31.122.122A. 127. 143. 165. 187, 
188. 310 CMR (Code of Maaeechuestts Repulatronct 11.02. Board of health re~ulationa 
srs sn exarcioe of the pollee power under which the vetious levels of government ara 
reepansiblb for protection of rhe public health. safely end welfare. 

2. Puroose. This ragulation of the bowd of health hes been enacted for the purpose of 
protection of tha public haalth, safety and welfwe, by identifying faded, or otherwise 
inadequate subsurfaoa sawwe disposal eyetems. and correcting any deficiencies which 
mey exist. I t  ia also tntended to snsura that systems are not used for purposes for which 
they ware not desimed. 

CHANGE OF USE - is when the u te  of the property is altered or extended In any way. 

DEVELOPED PROPERTY - is any reel estate with a humanmedo structure used or ~nlended for 
human occupancy or uoe, or with an existing subsurface sawme drsposd system locatad on t h  
pfoperty. or both. 

FAILED SYSTEM - is defined w a septic system in which there is evidence. based upon the 
incpectian required by this requlalion, of one or moro of the following problems: 

a. eswaga flow to the wrface or into any waterc of the Commonwedth. 

b. outlet taa or baffb is not in placa or is darnaqed in the septic tank. 

c. inlet tea or balfla is not in piece w is dmaged in the septic tank, 

d. liquid level in>ank is above the t m k  outlet, 

e. aher or during tank pumping, fiquid is &sawed flow in^ from the outlat back into 
the tank, 

1. leachino facility is not in place after the taptic tenk, 

9. any other poblem, w defined by the board o l  health. reprasenting an actud threat 
to the public health. 

INSPECTION - shall eonsiat of the following: 

a. visual inspectionof the groundsurface around the septic system to look for signs of  seweee or high 
urwnd watar. 

b. review of ell avaibble records and inquiry to tho owner, instalkc, and board of health. to idantify, 
if possible, location m d  type of leeching facility and distribution box, 

C. roview of ell eveileble records and inquiry to the owner and licensed plumbers, to determine, i f  
possible, how ohan the septic tank has been pumped during the two  years preceding the inspection. 
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d. locatton of all domestic weter supply wells, lakes, ponds, slreerns. and watercourses. within one 
hundred feet (100' )  of the leaching facility if its iocation can be detenninsd, or, if the location of the 
laaahing facility cannot be determined, within one hundred feet (100'1 of the septic tank. 

e. opening tha septlc tank and pumping out i ts contents. 

f. detemina materiels of tank consrruction. 

g. fill the bathrub with watar and releaain(l, checklng for slow wastawater discharge to the system, 

h. personal observation. by a registered professional engineer or re~istered san~tarian, of the pumping 
of the eeptic tank A representative o l  rho board of health must be present for the obscrvotion to 
be valid. 

I. recording observetions of  the following: 

11) address and owner of tmk, 

12) determine tenk construction meterial. 

13) the amount of septage pumped from the tank. 

(4) whather an outlet tee or beffle is in plece and not dema~ed in the septic tank, 

(6)  whether an ink t  tea or baffle is i n  pbca and not damaged in the septic tank, 

(0 )  whether the liquid lwa l  i n  tank, prior to pumping. is above the tank outlet. 

I71 whether liquid is observed llowing from the outlet back into the tank during or after 
pumping. 

Nothing m the foregoing dofin~tion of INSPECTION is intended to  require m y  reqistered prolessionel enainear or 
registered mi ter ian to excavate or directty osrtify the condibon of any leachino facility, distribution box, or eeptic tank 
inletloutlot linsr. This del i i t ion adopts the approach thet vtwal inoptmion of the property, inspection of any bvailabh 
records, end obaewation of pumping of the septic tank, together provide a reasonable indicator of the functioning of 
the aeptic system. Any opinion orcenificntion provided by the reglatered prolassionel engineer or registered senitarien 
is based sokly upon thin limited inspection. 

OWNER - m a n s  every person who done or severally with others (al hae legal titte to any developed propmy. or lbl 
has EM#, charga, OI control of  the developed propem, in any cepacity including but not l h i t e d  to  agent, exeoutorlrix. 
admmietrntorlrix. truetre, or guardian of the eetate of tho holder of legal title. or Ic) rnortgegea in  posmerion, or (dl 
tgent, trustee. or other person eppointed by the aourta, or (a) any oflioer or lmstee of the association o i  uni i  owners 
of e condominium. 

REAL ESTATE T RANSFER - is  any sale or conveyance o f  t ed  estate, except: 

0. conveyence or devise of the property to  a eurviving spouae. 

b. a sela under a power of .ah contained in  a bone tide recorded mortgage affecting the propafly, 

.c. in the case of joint ownamhip, if the. property is conveyed t o  one of the original joint owners. 

SEPTIC SYSTEM - is the septic tank, distribution box (if evailablel. end surfece land area of tha bt on which the 
ayetern is  most l ikdy locared. unless exact location ie known. 

1. Tha inspection of ex~sting commercial and rasidentiel oewage systems shell be the responsibility of 
the owner end reel estate agent if applicable, prior to red estate transfers or change in  use. 

2. The owner of e developing property shell order and COmpleta sn inspect~on of the exlsting subsurfsee 
sewage system notmore than one hundred eighty (180) days and not lass than thirty (30) days prior 
l o  the time o f  transter of the rwal estate, or of a change in use.  The Boerd of  Haalth may, at its 
discretion. Orant a variance in thase time limitations. 
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3. For the purpose of this regulation, reference is meda to the stenderds end provisions of Title 5 o l  
the State Environmsnrel Code 131 0 CMA 15.001, and t o  any applicable reguletrons of the Boerd of 
health for subsurfece cewege d~sposal. 

4. In the case o f  e change o f  use, the applicant shall have the responsibility of proving ro the Board of 
Health that the sepric system le  adequate lor safely handling the proposed chaoge of use. 

5. After an inspection by, a regislered profassionel enginser or registered sanitarian, that engineer or 
seniterien shall tile an Inspection Form w i t h  tho Board o f  Health. end shall provide cooiss t o  the 
owner or seller, seller's attorney, seller's real estate brdterlsalesperson. and buyer, stating whether 
the system is believed to be in operat~onal, or failed condition, based upon the inspection required 
b y  this regularion, and whether the system is adequate for a proposed change in use. The frling w i th  
the Board o l  Heatth chell be accmpanied b y  a filing lee, in an amount t o  be established by the 
Board o f  Hedth. 

D. Exemptions 

1. Any n e w  or replacement T i le  5 system having been installed and having raceived frnel inspection 
approval by the B w r d  of Health within a period of fwe years preceding the transfer of the property, 
shelf be exempt from this regulatmn, providinp additional living space which exceeds the capacity 
has not  been added, nor has anything been added to the house which is not  i n  eccordance w i t h  the 
origind approved desipn ot the system: such as e garbage grinder. addition. or roof drains. And 
further providing that there has been n o  change in intended use. A copy o l  the Disposal Works 
Constructton Permit and Certificate of Compliance, es epproved by the Board o f  Health must be 
aubmittad. together wi th the filing lee, i n  lieu o f  the Inspection Form not  lees than thirty days prior 
to each transfer. 

2. Resl estats transfers. which ere o t h e w s o  subhct to this reguletion, and which tdre place wi th in 
t w o  (21 yeers following tho data of aninspection under thm regulation nnd found to be i n  operationd 
working order, mey be exempf from the inspeclion requirement. but not the pumping requirement 
8s found m this regulation, upon review and approve1 b y  the B O M ~  of Heelth. A copy of the original 
h p e c t i o n  Form must bo submitted, togsthat w i t h a  n e w  filing fee, to the Board o f  Health for review 
t h i y  (30) days prior to tha reel eetate transfer. Sp tems that wera found t o  be  In 8 failed condition 
are required ro be repsirod and t o  b e  inspected prior to a real estale transfer, unless meeting the 
requirements of paragraph three below. The b a r d  of Heelth may, i n  its discretion. provide for 
review in a period less then thirty (301 deys. There shall be a fee. in  an  amount t o  be established 
b y  the Board of Health, for any reinspeclion. 

3. Sellers and Buyers who transfer an existing structure w i t h  the intent t o  replace the existing sepric 
system w i t h  a system in compliance w i t h  Title 5 of the Stete Environmantal Code and all applicable 
local bylawe and regulations, may auknit. together w i t h  the filing fee, an  applicatlan to the B a w d  
of Health for exemption from this regulation. The Seller and the Buyer together must  apply i n  writ ing 
ahowing that both parties h a w  agreed t o  the errengemant and accept joint responsibility for sen im 
that the new system a installed. The application for exemption must include a writ ten stmemem 
from a registered proleseional angineer or registered snniterim (a1 that helohe has bean placed under 
contract b y  tho ponies t o  design the replacement s w t e m  and Ib) that a replacement septic system 
i n  c a p l i a n c e  wirh Title 6 o f  tha Stete Environmentd Code, end any appllcoble Iwd regulations, can 
b e  installed on  the propmy, and (c) that all work neCeS6ary for instdlarion of the rephcament septic 
rystern w i l l  be compteted b y  a stated date, whichmust be within one year from the date o f  transfer. 
The repairlreplacanmt wo& may no t  b e  done by tha s a w  professional engineer o r  professional 
canirarien orasociated hrmeas conducted the originelinspection underthio regulet~on. Ap~ l i cs t ions  
under this paragraph mey be  granted or denied at the discretion o f  the Board o f  Health. 

Er Enforcement 

1. I f  i t  is determined by the Board of Health thst the ayatom constitutes e dangor t o  the public health. 
the board shall order the owner t o  make repairelrep~scemant o f  the ayatftrn, i n  eccordence w i t h  all 
appliceble laws and regulations, within a t h e  limit to  be determined b y  the Board o f  Healrh. I f  the 
w o k  is not  cornplered within the ti- droignated by the 8oard of Health, the board may impose 
finee end may repair or replace the syetem at the cost of the owner. The repairheplacement work 
may not be done by the  same professional engineer or professional sanitarian or associated firms 
as conducted the o r i ~ i n d  inspection under this regulation. 

- -  .- 
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2. 11 i t  is deterrninsd by the Board of Health that the system is inadequate for a proposed change in 
use, the boerd shall reauire the upgrading o l  the systems to meet the anticipated use. in accordence 
with ell appliceble lewa and regulations, within a tame limit to be determined by the Board of Hedth. 
I f  the work is not completed within the wnr designated by the Board 01 Health. the board may 
impose fines and may repair or replace the syslem at the cost 01 the owner. The upareding work 
may not b e  done by  the slam, professional engineer or profeeslonsl6aniterian or associated firms 
as conducted the original inepeetion under this regulation. 

3. In addition to any other remedy, t h  Board of Health may take any enlorcement action deemed 
appropriate end Iewlul, mctuding but not limited to c r l m i ~ i  procecution. to ceek s fine in accordancs 
with Chapter Ill, Saction 31, or Civil Action for injunctive rek'el or money damages or both. 

4. The Board of Health is  eu thomd to issue ~mtices of violation, ceaee and desist orders, or other 
sdmtnistrerive enforcement order6 to compel compliance with these regulations. 

6. Aher an ~nspaction by a registered profeoaionsl anginosr or registered sanitarian, that anoinser or 
mwtaMn shdl Ma an Lnspaction Form with the Board of Hv&h, together with the required f~l ing fee, 
m d  ahdl provide copies to the B o d  of He*. ths seller, and buyer, etating whether the cystem 
ie i n  operational condirtion or mads to be cepmirsd. A rspreaentativ4 of the Board of  Heelth must be 
prarent during m id  inspection in order for it t o  be valid. 

8. Each part of thm re~ulatcon chdl be construed a6 repsrrte to the end that if any parsgraph, 
aantence. clevea or phreee theraol shd l  k held invalid for any reeson, the remainder of that 
regulation and d l  ether ragulations shaH continue in full force. 

F. Instructions for Inspections 

NOTE: See the definition of INSPECTION in  Section 8 of thia regulation, as wall es the deflnlt~ons o l  FAILED 
SYSTEMS. 

1. fh hnpection by the regimered pmfesrionel engineer or rrgietared sanitarian shall t&e place no 
more than one hundred e i g w  (180) day8 nor leas than thirty 130) days prior t o  the real estate 
trsnsfm, or chan~e  in uer. A rsprewntaive of  tha Board of Heelth must be present at said 
Inapoction. The Board 01 H d c h  muet receive the hapaction Form within seven (71 days of I hs  
inspamion. I n  addilion, the copies must be glven l o  lhe owner and to the buyer at that time. 
Inspection Fomw are provided by t ho  Board of Health. 

2. If the inepection finds evidance ot a failed y s t a .  the Board 01 Hoelth shall determine within 
fourteen 114) days alter receivm~ the hspection Form. whsther the oyetem constitutea a danger or 
potmtiel danger t o  the public hedth and should be repaired or replsced. By the end 01 tha fourteen 
day h a  period. the b a d  of H d t h  mutt notify the o w r  by  certified or rogictared mail, wi th 
return receipt requestad. w k t h c r  h e  system mat  be repaired or replaced, or tha? some other 
available alternative must be purmed. Followup inspectkmbl may be required by the Board of 
Health. A reprerentalive of the B o d  of H d t h  must be present at ouch an inspection. There shall 
ba e les lor each follow-up inspection. 

3. The time dlowed for the topair a repkament will be determined by  tho Board of Health and win 
be contained i n  the Jettar of notifcation t o  the ownar. 

4. I f  repair or replacrment ie required, the owner mu81 conduct the a te  inspection as provided by Title 
6 of ths State EnvimnmentdCode (310 CMR 16.00land by  locel rsguletiom of  the Boerd of Health. 
Any ouch repair or replacement h a l l  be done only in accordance wi th  a dispoud works construction 
pennlt obtained by tha ownw in accordance with raid Title 5 and local regulations. 
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MODEL SOIL EROSION AND SEDIMENT CONTROL BYLAW 
ISource: Middlesex and Essex Conservation Districts] '@ 

MEMORANOUM ON MODEL SOIL EROSION AND SEDIMENT CONTROL BYLAW 

Tha fdlowing bylaw hea been pubtished by Iha Middlesex end Esaax Conservation Dislricts to assist those 
communities wishing to utilize Home Rule authorily to enact lacel prolaation ageinst unregulated land-disturbing 
aativities. ceuaing erosion and sedimentation of waterbodies and other natural resources and jaopardizing the pwblic 
hedth, safety. welfnre. and the enviroment. During 1988 wa raviawed bylsws in  varrous forms in placa in 
Measachusetta and we raaeerchad whal permit procedure would be simplest. We encourcrge cities and towns to use 
their powers to raquira basre soil eroeion a d  redimant control wherever land-disturbing activities take place. The 
appropriate measures are ralatively inaxpansivn to incorporate i n  davalopmont plens end they ere a cheap form of 
insurance against very expansive anvironmenlal damage. 

This draft, published In March 1989, has b w n  reviewad by planners, scientists, locel officiels, and lawyers. Ybl wa 
want to  caution that no modal is perfect for every locd siiuat~on. Any bylaw must be tailored to your oomrnunity. 
Identify arorion problem8 in your city oc town. raflact these problems in the purpose aaction of the bylaw, select the 
boerd to  whkh you wish to  ohre juriidic~on,, rat the thresholds for project raview, describa the basic ubmit  
procedures, add any rpplication and plan requ~remnto, consider what perlormenca aranderdr to mpote. and shape 
tho moni lor in~ and anforcement approach to  adopt. 

In o t h e ~  words, this model bylaw is a starting point for your dehberetrons and discussed, not an and. We commend 
i t  as a good foundation. a solid structure. 

This bylaw would rbquireextanaiva land-disturbing activities t o  obtsln a full permit f r an  the Conservation Commission. 
with detailed pbns and specifications to avoid unacceptabla erosion and cadimantatmn. Smaller projects are nDl 
subject to  this full procedure, b~ are required to obtain limited permits. 

CoOiat o f  the parmit (pplication are shared with other community boarda end offioials. and with the local conservation 
disttiot, for revsew and oornrnent. The Coneewetion Commission. though, ia the agency with jurisdiction to promubgete 
regulations and grant pornits. 

The procedure ia kept arnpb an purpose. Erosion control is e m t h i n g  to be incorporated in development plans. Tha 
Cornmiscion will review erosion control maasures nwdad, not the wiadom of the project or any oihar board issue. 
The Commission will render its dacison within forty-five day#. The parmil is recorded In the Ragistry of Deeds. If 
dasiring to  change the project or ite erosion controlmeasure substantially, the applicant must notify the Commission. 
which may require an amended applioation. 

The Cornmisoion is direclad to adopi a fea schedule by regulation, adequate to reimburse its ectual costs 01 proiecr 
review and approval. 

In addition, the Commission is wthorized to requira the applicant t o  pay the axpance of an expert engineer or 
consultant to sesmt Comm~ionrav iew,  up to amaximum of 62,500. Apein. only the cost attributable to the project 
may be charged. 

This bylaw adopts a state statute allowing the m m u n i t y  to set up a rveciaf fund into which such fees and charges 
go. to  be availsbls to the Cmm~ssiondunng the fir& year without the need for epproprrcltion. The bylaw provide6 
for e refund of m y  unused faen or charges. This spacial account procedure was adapted from the Town Bralntree 
Home Rule watlends protection bylaw, approved by the Attorney General during 1888. 

Meseachusans lacks an erosion contrd statute st the state leval. Siltation of a body of water is defined as water 
pollution, but the Clean Water Aet does not yat provent dan~erous arosion. Erosion can be reduced under the 
Wetlands Protect~on Act, but only rslatrve to work whch already is subject to  thet *tetuia bscwce ~t is in or near 
watlmds. State drinking watar laws mrndare that citieo and towm protect water wpplisa, but laeve to you the 
dacinion how bent to do tha. The Zoning Acl empower* cornmunltiea to adopt wetland, walershed. floodplmn, and 
aquifer zoning, but operates largely through announcino what land uses ara legel, where, without specifying eroslon 
control measuras to  prevent problems. The Subdivision Control Act sets up planning boerds to review subd~viaiona. 
but eroslon control meesuras may be required only if the planning board adopts regulations on that subject, and t h y  
only apply to the aubdiwaion of land. 

l a  Beth Handler. EIP Intern; Gregor I. McGregor, Esq.. Legal Counsel; Rhett R. Grant. Supervisor MCD Technrcal 
Advlser: Fourth Revision. March 1980. 

--- - - 
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Conaaquently we strongly urge that cities and towns seriously consider adopting this model soil eroeion and sediment 
cantrol bvlew. Remember that it reflects the best wisdom ae of this data. Be sure lo contact either the Middlesex 
Or E ~ s a x  Conservation District for edvloe on experience with the bylaw In practice, end to obtain the most current 
version of this model. 
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SOIL EROSION AND SEDIMENT CONTROL BYLAW 

I, TITLE 

This bylaw shall be known as the Soil Erosion and Sedirnont Control Bylaw. 

11. PURPOSE 

The Purpose o t  this bylaw is to elrminate or reduce the harmful impacts of soil erosion and sedimantatwn on the public 
haahh. safety. m d  welfare, end the environment by  prohibiting incrsase in sediment-loden runoff from land-disturbing 
adivitier and by prohibiting streambank erosion dong bodies of waler. This bylaw regulates ectlvitiea wi th potantial 
for such impacts by  requiring permits and pre-actavity review. For ectivitles above the thresholds of jurisdiction under 
this bylaw. eithw (I full or limited lend dklurbence permit is required, and compliance with permit conditions. By 
implementing the controls in permit conditions and in this bylaw. and in raaulalrons promulgated pursuant to this 
bylaw. erosion end eediment shall be controlled so as to protect weter qudity. f l w d  storage, stream flow, wildlife 
habitet. quat ic  resources, end public eetaty. 

Ill. JURISDICTION 

No person shall cber, cut, gtade, or perform any landdisturbing aolrvity on an ares of land 5000 square feet or greater 
without first applying for and rsceiving en approved full or lrnitad land disturbancr pannit frcnn the Conservation 
Commissionin accordance with this bybw. The Commission shell hava euthority to promulgate rules end regulations 
to  implement thin bylaw. to  revtew permit wplicalions, to perform monitoring and inspections, to grant or deny 
permite, and to  enforce the provi i o w  of mis bylaw, and to take any other ections reasonable end appropnate to 3 
hglement this bylaw. The Con6elvet;or, Dlntract moy p~ovide technical services to the Cmmisrien in !he re-view @! 

plena or any other malter under this bylew. 

IV. APPLICATION PROCEDURES 

Where a full or limited land disturbance permit is required, a written application shall be submitted to the Commission. 
The application shall be signed by the owner of the property on which the proposed aotivity is to  be conducted. In 
addition, the applicant, i f  the epplwant is not the owner, shdl sign tha application. II the owner or applicant is a 
businerne entity, the chief executive off'icer or other officer with authority shall sign the wplicetion. Any appl~cstlon 
or other submits1 in cupport thereof shall be submitted to  the Commission in duplicate by  cert~fied meil or hand 
delvary. Upon recaipt, the application ehell be 'arked with the date and time rmetved end e f i b  number ahall be 
assigned. 

V. COORDINATION WITH OTHER BOARDS 

Any person filing a permit application with the Commission ahall submits copy thereof at tha same time, by certified 
mail or hand dellverv, to the City CoumillSaard of Selectmen. Planning Board. Board of Appeals, Eoard of Hedth. 
Building Inspector, m d  Consewation District. The person filing such aMicetion shell at the seme t h e  submit t o  tb 
Commission a wrinen notice that them copies have been submitted t o  these other agencies. The Commission shall 
not tske fmal action on en applicetion until much boadr  and otficialo h e w  had twenty-one calendar daye from their 
refnpt to eubmit w h e n  oomnmta, it my, to the Commiaeion. Tha applicant shall heve the right to  teceiva such 
wrltten oornmenre. if any, and to  respond to them, if desired, prio! to final action. 

VI. COMPLIANCE 

No lend-dleturbing actrvity shall take place, unhse exempt by the terms of this bylew. without compliance with a land 
dioturbsnce permit issued by  the Commission. with the plans approvd by that permit. and with eny rules and 
regulations prornulgeted by the Commieeion. In addition, any Ianddis~urbmg activity ~ h d l  comply wi th ell federal, etate 
and local stetutes, ragulationa, and bylawslordinancss a d  shall obtain end comply wi th m y  other necmeary permits. 
Icenses, or other approvale. 

VII. MODIFICATION OF PLANS 

Any change. in or alteration of. a lenddisturbing activity approved in a permit, and any approved plans. shelf be 
submitted to tho Cornmis~ton, prior to any further Imddrsturbing activities. for prior r a v i w  and approval. If in the 
iudgement of the Commission the change or alteration is substantiel. the Commission may requira that an amended 
applicetion shsU be submitted. If any ahan~e  or alteration takes place during landdisturbing activities, the Commission 
may require the rnstallatton of interim e rosm and sediment control measures before the change or alteration may be 
epproved. 
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VIII. FEES 

The Commission by ragulation shall promulgate an application fee schedule for full and limited land-disturbance 
applications nnd compliance certificates. The fee specdied in such a lee schedule shall be made payable to the 
Commission and shall accompsny the permit application or request tor certificate of compliance. The Commissionmay 
require a fee for review of any change in or elteration from an approved permit or plan. 

Said fee shell be paid Into a speaial account of the Cornmiasion set up by the TownlCiry Trsaeurer and may be 
axpendad by the Commif~ion lor !ha purpoee allocated without further sppropt~ation. Any belence in said account 
at the end of Me f ~ r c d  year shall be deposited into the general treasury of the townh ty .  Th16 townlcity hereby 
accepts the provisions of General Laws. Chaptar 44, Section 53E. The Commission may draw vpon said spec~al 
account for coats end expsnses in procmrinp applications, plans, changes or dtararions, certif~cetea of compl~ance, 
providing notices, conducting hearings, meetings field inspectiow end other revtswr. performing services by 
Commission staff and other dapartments. sgencies, bwrds, off ices and amployeas of lhe townlcity in reviewing 
matters panding. perlorming maarurementc, tesbng, monitoring. end other evaluations, and milsage, recording, and 
talephone coeta. Provided. however, that onlythow c o a r  end erpensee raaeonbly attributable to review. approvat. 
disapproval, or othrr rct iom on applicationr. pkns, chengs6 or atteretions. or csrtifimes of complhce may be r o  
char@ wainct enid specid account. This filing fee schedule has been determined by the townlcity to be 
c m n s u r e t a  with the expense of providing those rnunicipd mwviesa to applicants. . 

The epplication fee is  non-refundeble except w providvd heroin. Any unused portion o f  said fee &dl be returned by  
the Ccmmiscion to the applicant within forty-five cdander days or writtsn reqwet for earns by lha apdicant, unlssn 
the Carnmismion decldre in a public meeting that orher action is neoersaw. Seid Trearurer r h d l  return such portion, 
i f  any. as directed by  the Commission. Any applicant agprlevad by the imposition of, or size of, the fee, or any act 
related thereto, may apped according to the provisions of the Massachusetts General Laws. 

In dd ibon to  the tiling fee imposed by this bylaw and by regubtiocrs promulgated by the Cornmiamon hereunder, the 
Cornmiasionis authorized to require Uw apph3IIt t o  pay the resson.b(e costs and expanses borne by the Commission 
for specific e x p a  enginwring and consulting service deemed neceeeay by the Commission to rewew an applicetion, 
plan. change or altoretian, or certificate ot cunphance, up to a maximum of $2,500. Said payment may be required 
by the Commisuion at any point in reviewing w deliberating prior to a final decision being rendered. Said servlcas may 
include but a s  not nscereorih/ limited to roilsurvey and delinaatian, hybogedogic and drainage analysis, erosion and 
sedimentation potmtiel. and environmentalnand use law. 

The Commission ie hamby authorized to charge soid fee for exper! anginawing and consulting rsrvicas when an 
appl~cation propoaea any of the following: 500 equare feet or grsatsr of  aksration of  a freshwater or costal wetland; 
60 linear feet or greeter of dterarion of a bank or wataway; 600 rquare fget or greeter of elteration of land within 
100 feet of a body of  water; dteretion of greater than 600 sqoae test of lend under a watsrbody; discharge of any 
radiment or ri l tet~on into or contributing to curtaco w groundwater; or constructim of a detention or retention baain 
or other drainage device. 

- Said fee for arpart enginewing end consulting eervices ehdl be psid into a specid account of ?h$ Cornmistion set up 
by t b  townlcity treasurer and may be expended by (hs Commission for the purpoee aRocstsd without further 
appropriation. Any balance in caid account at the and of the fiscal year shan be deposited into the generel treaswy 
of tk townlcity. Thio tawnlcity hereby accepts the provieionc of General Law, Chapter 44. Sadon  53 E. The 
Cornmiasion may draw upon said special account for sewicms approved by the Commission at a public meeting. 
Provided, howevar, that only those costs end oxpenme6 rqasonsbly attributable to raview, spprovml, dieapproval, or 
othwaotion on applicetions, plan. ehangrs or elterstiono, or certiftcotes of compliance m y  be eo charged against said 
rpecial account. 

are non-refundable except as providod hsrrin. Any unused portion of aaid lea for expert engineering or conoulthg 
rervices' shall be returned by lhr Commieeion t o  the applicent withm forty-five calender day. of  written request for 
same by the applicant, unless the Commission decidas in  e public meeting the1 other action is necmsary. Seid 
rreeeurer shall return such pwtion, if my, as directed by the Commiceion. Any applicant aagrievd b y  the imposition 
of, or size ot. the tea or eny act releted thereto, m y  eppeal according to the provie~ons of Msssachusetts General 
Lewa. 

IX. BOND 

The Commission mey roquirs that the applicant poet a performance bond. 8s a condition a t  a permit, in form end 
content approved by the municipal anornay before construction may commence. Ths  bond chall ensure that ths 
~nstellation end maintenance of roil eroslon end sedimmt control procedures are completed es approvad by the 
Cornmisston. within e time specifiad in the permit. 
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I f  satisfectory to tho Commission, the applicant mey substitute a certificate of guarantee, inevocable letter of credit, 
of cash bond in  lieu of a performance bond. Any performance bond or letter of credit shall be executed end mainteined 
by a tinanciel institution, surety, or guaranty tornpeny qualil~ed to do business in the Commonwealth. 

X. CERTIFICATION 

At the time of application. the applicant shall certify in writingthe name of the person who is responsible for sediment 
control lor the land-disturbing activity which is the subject of the epptication. Said person shall enaure that said 
activiw takes placo in eccordance with the eppl~cetion, plan and permit conditions. 

XI. REGISTRY OF DEEDS 

Prior to commencement of env bnddirturbing activity. the npplicent shdl record the parnit with the registry of deeds 
for (he county in which rha aaivily ia to t&e place, or the appropriate lend court section of said registry, and shdl 
submit to the Commission writtan poof  of such recordinu. 

X11. FULL LAND DISTURBANCE PERMIT 

The follow~ng land-d~sturbing activities shall requm a fun lend disturbance permit: 

A. Clearin0 and grading activity disturbtng an area of more than 20,000 square feet: OR 

8. Vokma of eetth resulting in a tote) quantity of 500 cubic yarde or more 01 earth; OR 

C. Land-disturbing activities on two or mare oontiguoua lots within a twelve month period. 

The following -information sheli be submitted. at a mtnimum, with any full (and dietubance application: a plan 
adsqualely deeoribing the proposed activity: the items specifiod bslow: and any additional information specified in 
reaulations promulgated by the Cmmission. The applicant shall submit any d d i t i ~ n a l  information requested by the 
Commiscion or the Conearvation Dmtriat during review of the appliaation. 

Detei ld engineering plans for propa soil erosion and sediment control shall be submined including the followina, at 
a minimum: 

A IOCUC map. legend. and nomh arrow; 

A scale rhowino one inch equals fony feet: 

Title Mocks identified by project name or parcel: 

Delineation of the total land area to be ddbturbed; 

Boundwy lines of lots and delineation of lend area where acllvity 18 to be performed; 

Contours showing existing a d  proposed elevations andlor contours at two foot intervale: 

Symbols for rediment and erosion control practices includjno detail and elevarion; 

Existing end popoord roadweye: 

Delineation of wetland awes; 

Delineation of the 100 year floodplain; 

Street prowee showing proposed grades and elevations: 

P r m s a d  s t o m  drainwe sytemo; 

All bodies o f  water, includinu streama. rivers, lakes end ponds. within 1 0 0  leet of the proposed activity; 

A description of construction activities, in sequence, which specifies the expected date of eoil stobilizetion 
m d  completion; 

Temporery and permanant soil erosion and sediment control measures; 

Tmporary and permanent seed in^ and orher vegetative controls. 
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I f  any structural moil erosion and sediment c ~ t r o l  is darned necessary in the judgement of The Commission, the 
detailed engineering plans shall cmlude the following additional information: 

Detailed location 01 any d m  or basin: 

Plan view of any dam or bmn; 

Spillway designs showing cdculations and profiles; 

Emeroency spillway denions showing cdculatiom. profiles. and cross-sections: 

Runoff calculationr for psek runoff during a 106 veer storm; 

Not- and construction epecifioations: 

Type of sediment lrap: 

b a n w e  arra to any s e d i i t  trap; 

Volume of storaos required: 

OuUet l en~ th  or pipe sizee; 

S t o r m  depth below outlet or cleanout alsuation; 

Embankment ha i~h t  and elevation: 

A portsMo wtety fwca eurrwndiigrny b d n  or trsp. not bas than ffary-two inches in  height with openings 
not more than thrae indna in ki iht ,  f i i y  anchored at soacing no oreatsr thsn hoht feet. 

The Commiamonshdl review and rarpond to any camplated permit appbcetion with forty-five calendar deye of receipt, 
or euch additional time es ia n e c e w w y  to provide coordi- with other local boade and offiiiah in accordance with 
Srction V above. If tha applicetion is denied by the Commismion, tha Comrnicsionrhd opecify its reasono in writing. 
Tha decision with permit or dmial shalt be mailed or hand deliwmd by the Commission to the applicant. 

Any pamon sggrievsd by the decieion of the Commimionmsy appeal in tha nalura of certiorari to the Superiar Court. 

XIII. LIMITED LAND DISTURBANCE PERMIT 

Any land-disturbing activity not requiring a Ful Land Disturbance Permit if it meas the l'mitatiom brbw, a h d  require 
a Limned Lend Dkturbonce Permit .9piication: 

A. Activity disturbing m area of land no more thon 20.000 eqUM0 fast and no lssr than 5,000 equare foot; AND 

B. Velum of e M h  movrmnt r d t i n g  in 8 total quantity of no more than 600 cubic y rde  of a h  and no less 
than 100 cubio yrrds; AND 

C. ActiGty i n v d n w  a p m l  01 I d  hsvin~ a find greded dopa no rteaper then three horizontal unita to one 
venical unit, equivalent to a dope of 33 parcmnt; AN0 

D. Any area of soil cut or filed not axomdmg'four feat in verticel depth at its deepwt point - messwad from 
' the neturel ground lard. 

An awliculion for e Limited L d  Disturbanaa Permit ahall, et a minimum, include a ekstch of the p a d  or parcda on 
whkh the .Ctivity ie to take place, d r a w  so ma to include soil erorion end redimant control practices, roadwap. 
waterways, building or huildinp to be conrtructad, topography, and e etabilired mnetruction antran-. 

The Cornmiasion shall review and racpand to th. permit application within foWfive cdendar days of receipt, or such 
additional.time as neceesary to provide eoordinstion with other board8 as specified in Section V above. It the permit 
ie denied, the Commission shdl specify i ta  trarons in writing. Ths decision with psnnit or denid shall be mailed or 
hand delivered by the Cornmiamion ta the spplieont. 

Any paraon aggrieved hae a right to appeal a decimon of the Cornmiasion in the nature of certiorari t o  the appropriate 
Superior COUR 

Page D-52 Nonpoint Source Management Manual @ 



XIV. STABILIZATION 

Vegetative etabilization measures shall be employed. All perimeter dikes and slopes, basin or trap embankmoncs shell 
be stabilized with cod, seed, and anchored straw mulch w~rhin seven calendar days of disturbance. All other disturbed 
araas shall be stabilized with sod, coed, end anchored straw mulch within loucleen calendar days after disturbing 
activities hsva ceaaed. 

Topsoil sh411 be stripped from disturbed eraas and stockp~led in an approvsd aroe and stabilized with temporary 
vegetative cover if lefl for more than t h i q  calendar day$. Parimeter sodimant controls ehell bs installad around 
stockpiled topsoil. 

During the months of October through March, when seeding and sodding may be inpractical, an anc'hwed mulch shell 
be eppliad as epproved by the Commission. 

XV. EXTENSION 

A fun or limited land-disturbance parmlt shall bb valid f o rms  year from the date the permit is issued. The C m i r s i o n  
may grant one extension lor an additions1 year. upon written requeel for renewal no later than 30 days prior to 
erpiration. Theraotter, a new application shall be requ id .  

XVI. lNSPECTlOM 

The Commission, in its discretion, may conduct an inspection at any stege of construction to ensure compliance with 
the terms of this bylaw and any prrmit. The Commission also may rsquire the appkant to submit psriod~c or01 or 
written reports at any stage of construction. The Ccnnmisamn shdl be authorized to conduct onnouncad or 
llnannclnncsd hepactions r? eny ressonable tm. In any event, upon completion of the land-disturb in^ activities 
approved by a parmlt, the applicant ehall notify the Commission to request an inspection. 

XVIl. COMPLIANCE CERTIFICATE 

upon requaet of the Commieeion. tho City CoumllWoard of Selectmen and tho C i y  Solicitorflown Counsel shall [aka 
legoi action for mlorcrmonc of thic bylaw under civil law. Upon request of the Commksian. the Chief of Polico shalt 
b k a  lead action for enforcement under criminal law. Municipal boards and officars, including any police officer or 
othar officer having police pawera, &ail hwe  authority to assist tho Commission in enforcement. 

The Commieeion shall hove the power and duty to 'entorce this bylaw, ra~ulatians thereunder, and parrntts, tncluding 
but not limited to  isruance of vidation notioee and enforcement orders. An enforcement order may require the halt 
to any illegal work. removed o t  oquiprnent and site reatmation. 

XIX. VIOLATIOMS/PENALTIES 

Violetions of this bylaw, any reguletions hereunder, or any permit ehell be punished by a fine of not more then $300 
per day. 

As an altanetive t o  uiminol promcution in a rpocific cms, the Commkeion may dect to utilize the noncriminal 
dieposition procedure nt torlh in Genarel Laws. Chapter 40, Section 21D Irecite aompbte text of Section 21 D here, 
m order for your Town to accept provisione of thii oute Iswl. 

XX. EDUCATION 

The Commiseion, witMn its aveilable rasources, s l ~ ~ u t d  provide education programs on soil erosion end sediment 
control to me general public end persone re~uleted by this bylaw. Workshops ~d asminers should provide guidefines 
and advice to  easa the p m i t  opplicslion praceas end foster acceptance of ~ o o d  erosion control practices. 

XXI. DEFINITIONS 

ANCHORED MULCH: Mulch consisting ol strew, woodchips, ernuleifier, and other appropriata matarials, bound 
twethar by anchored woe and twine. 

APfiICANT: Any natural perron, individual, partnership, corporetion. trust. agency. department, political subdivision, 
or other legel entity requesting a soil erosion and sediment control permit for proposed land-disturbing activity. 

CLEAR: The act of removing vegetative cavar in a manner that does not disturb root mat or the exist in^ soil surfece. 

CUT: The excavation of soil, arnd, gravel, stonss. or other earth rnaterlal from the land. 

.- 

Page D-53 



CONSf RVATION COMMISSION: The Consewetion Commiesmn of this rnunicipslity. 

CONSERVATION DISTRICT: The Conservation Disrrict tor the county in which lhis municipality lieu. 

ENGINEERING PLAN; A plen deva\opnd by a prolesaiond engineer. bandscepe architect. lend euNeYor, or pereonduly 
qualiliad. whose name appear8 on ce~d plan. 

EROSION Tha process by which tho ground eurfece is worn by naturd forces euch as wind, water, ice, gravity. 
glaciers of by artificial means. 

F U :  Any act by which mil, earth, nand. gravel. rock, or any etnilar materiel ie deporitd. placed, pushad, pulled, or 
trancponsd. and includes the conditians that result from that ect. 

GRADE: An act by which soil is cleared, stripped, cfockpiled, or m y  combination thweof. 

LAND-DISTURBING ACTIVlfY: Any a t i on  that causes the dteration of asrth, sad. rock, orarel. vegetatian, or similar 
materid on Isnd. 

ONE HUNDRED YEAR FLOODPLAN: An ares dsliaeted under the F d e r d  Emergency Management A c t  (FEMAt 
indicatlw the extent of f load in~ aa a resulc ol a 100 year ctown. ' 

PERIMETER CONTRM: A meseure that prevents erosion end wdimatation lhrouoh the w e  of esrth and dikes st tho 
outer exlent of bnd-dieturbing activities. 

PERMIT: The full or limited Iand.diirbanee permit ireued by the Commirsion authorizing land-disturbing activity in 
accordance with the raquiremants of thir bylaw. 

SEDIMENT: Or~anic material or minerals transported or deposited by the movament of  wind, water, ice, gravity. 
glea~ers, or by artificial meanc. 

SEDIMEKT BASIN: A temporary barrier or d m  conaructed acrore adrsinsus wsy or at another suitable location to  
intercept end trap aedirnent. 

SEDIMENT TRAP: A temporary aed~ment control measure tumnad by excavation or embsnlvn*nt to intorcept and trap 
sediment. 

SITE: Any bt or parad of land or area of property whwe land-disturbing activities are, WWs. or wil l  be pertormad. 

SLOPE: The inclined eurtaw of a fill, excavation. or naturai terrain. 

SOIL: Any earlh, sand, rock, provel, or cimilar material. 

STRIP: Any activity which rsm0v.s the woatatiw eurlace cover including but not h i t a d  to tree removd, cksring. 
grubbing, and ctorage or removd ot topaoil. 

WETLAND: Any resource srea which ie rub je~ t  to  the Wetlands Protection Act, Genarsl Low. Chapter 131, Section 
40. 

XNI. SEVERABILITY 

I f  any provision at  this bylow is held to  be invelid, much invalidity shall not sffact any other provieion of this bylaw. 

XXIU. EFFECTIVE DATE 

This bylaw s b l l  take effect upon adoption by Town MeetinglCity Council. 
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MODEL HAZARWUS MATERIAL 
AND UNDERGROUND STORAGE TANK BYLAW 

(Source: Growth Management Workbook. EOCO, 19881 
(Based upon a bylaw adaptad in the City of Westfield, Massachusetts) 

HAZARDOUS MATERIAL AND UNDERGROUND STORAGE TANK BYLAW 

Authority 

The Town of - adopts the following rneesuree under its home rule powers. its police powers to protect 
the public health and wellare, and its authority under M.G.L.. Ch. 40. See. 21. 

a. Discharge: the spilling. leaking, pumping, emitting, or dumping of toxic or hezardoua materials upon 
or into eny land or waters of the Town of . 

b. Hazardom Metecial: m y  ruktance with such physical. chmicsl, or infactious chsracteristics as 
to pose a potentid hazard to &sting or potential water suppl i r  or to human health. Hazadoue 
meterimin include, but ate not limited to. toxic chemicale, h o w  metals, radioactive or intaotioua 
wartoo, acids and dkdias, pecticides, patrolsum products, herbicides, solvents, end thinners. 

c. Underground Storage: atorewe below ground level but not including slorege in a free-otanding 
contmnsr within a building. 

8.021 AH new unds~ground atorage I m k s  with volumes less than 7,100 gallons are prohibited from the 
Watar Supply Protection District. 

6.022 The discharge of hazardous metariala within the Town of is proh i t sd  with the following 
exceptions: 

a. Disposal of 6 a n i ~ r y  eewaga to eubcurface rewage diepoad cwtams approved under Title 
5 01 the Meawmchusstts Environmental Code or to e wastewater treatment facility. 

b. Appticstbn of fe r l i l~em and perticides in accordance with label recomrnendationa and with 
rmgulationr of the Mw6achueana Peetiaide Control Board. 

c. Application of road sdm or other de-icing chrmicale provided that such use is minimized 
end conriatent M h  public highway refsty smdarda. 

d. Proper d i ed  of acceptable materisk at a Iacifily or rite which has received and 
mrintsinsd dl legal approvds er spsfifird i n  Ihs  Mamechucens Hazardous Waste 
M a n a g m n t  Act, M.G.L. Ch. 21C. Sec. 7. 

B.023 The use of septic ay.tom cleanera containing toxic or hazardow meterids is proh i tsd .  

H e z ~ d o u s  Material Reaistration and ConyeJg 

8.031 Every owner, or opaaor of a omerc ia l ,  induarial or eprictdtural owrolion storing harcrdoue 
matniah in quantitiee totaling more than W ganon liquid vdurne or 26 pounds dry weight shall 
regirlor with the Fice Department a description of the types a d  quentitiw of  hazardous rnateriale 
atorad, and tho bcation and method of rtorege. Registration required by this rubsaction ehall be 
submitted within cixty (80) days of lhe effective date of this bylow and annually thereafter. 

8.032 The Fire Department may require that m muenlory of hazsrdoub materide be maintained oo the 
prernmes end be reconciled with purcharw, um. sale6 and diopoad records on a monthly basis. 

8.033 Hazardous rnetorjals shall be r twad in product-tight storage containers and shall be removed end 
dispoeed of i n  accordsnce with the Mereachuaetla Hazardous Waste Management Act, M.G.L.. Ch. 
21 C. 

6.034 Tha Firs Dspartment ehell require that containern of hazardous material be e tasd on an impervious, 
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chernical-res~stant surfnce, thet the storage arwa be enclosed with an irn~errneable dike or within an 
im~rrneable  beamant. end thet the containers be protected from weather, vandalism, corrosion, 
and leakaga. 

Underwound Storone Tanks of Volumes Greater Then 1.1 00 Gallon* 

Every owner of an underground storage contaner for hazerdous materials including petrolsum products of 
volwnee greater than 1 .I00 gellono shdl comply with all appliiceble state regulations for such storage. 

Permits For Existina and New Undemround Storms Tanka of Volumes Less Than 1.100 Gdlons 

0.051 Every owner of en underground rtotege containor for hazardauc materials including petroleum 
products affected by thir bylaw rhall apply to the Fire Oepanmenl for a permit tomeinlain e etorege 
fscil~ty. Application shall ba made within sixty 160) days of the rffect~ve dete of this -and .MI 
contain the following infomatmn: 

a. Nme, address, and tolephone numbers of the owner end operator: 

b. Tha Wpe of material r to rd ;  

c. f ank size and conrtruction type lor tank end piping; 

d. Evidence of the data of installation warranty; 

e. Plot plan of tho cite, including location of the tank, pumping components, and any walls or 
watai bod~es. 

8.052 T he head of the F~re Dapartmmnt ir required to rand to xhe Board of Health, the Water 
D e p s m n t  and the Conaervatian Commiosion a copy of  every permit applioation for a new storage 
facility, with a request for e rocommendation o f  approvd or disapproval within 30 days. 

8.053 Subrsquent to the effsctiva date of thio ordinance, no naw underwound oloratp containar shall be 
installed unless the owner ahdl have fin1 obtained a permit from the Fire bparlment. If the Firs 
Dapatinmnt dalemines that the propwed storape containa conatitutea a danger to  s watw supply. 
weter body, public hadth or safety, the Fire Department may dany the pewwit or may grant it subpet 
to conditions which the Department detanniner are neceresry. 

6.054 Thare permits shall be in addition to  m y  liceme or pennit required by H.G.L., Ch. 148. an anendod, 
or by any regulqion icwed thereunder. The fee for thir permit, payable to the Town of - ahdl 
be - dollerc. 

6.055 ti tha ownemhip of any undargroundrtoraga tank is transferred, the new owner ohall notily the Fire 
Depertment within ton (10) working dsya. 

Undorarwnd Stwme f enk hstdlstion and C o n o t ~ o t i m  Standards For f anks of Volunes Undw 1.1 06 
Gallons - 
8.061 New underground atorme contaimm ohall be inrtsllod by a mmulacturer's approved installetion 

contractor in the preaenee of the head of the Fire Department or hie qent .  Newb  inrtallod 
undwground storage containera rhall bs awrounded by at leeat Mrelve 112) inohos of dean send 
which ehall doo be placed betweon thm tank and s firm bone. 

6.062 Evary now or repiecamant lank and piping ahall be tmted raparately. at tha otwwr's expunso, 
prior t o  he being buried. The tmk rhd l  be terted by  sir prosrur8 at not Iras than 3 m d  not more 
than 6 Ibc. per oqwre inch. The piping rhatl be teeted hydrostaticeHy to 160% of the maximum 
anticipated preaaure of the eystom. or teatad pneumstkally, after all joint. and connectione have 
been caated with s eosp solution, t o  100% of the maximum anttcipated pressure of the Eystom but 
not k s s  than 60 Ibs. per square inch QOLQO at the highest point o l  the eyetern. After *e tmk and 
piping have been tulty buried, all ruba8qwnt testing of  underground tanks ehaH be done by the 
preoision teat in  acoordenco with the provisions o f  Pamphlet No. 329. Chapter 4-3-10. of the 
Nationel Fire Protection Assaoistion, or o h r  teat of equivalent or ruparior accuracy. The owner 
s b l l  turnieh the head of the Fire Depamant with a certified COPY of the reeulta of dl testing 
required by this Section which tha hoed of Ihe Frre Department shall keep vwth tho records of the 
storage facility. 
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0.003 Newly installed underground storage conteiners shall be protected from internal and external 
corrosion and shell be o l  a design approved by the Boerd o l  Heollh and the head of the Fire 
Department. The followiog conteiner construction systems are considered to provide adequate 
corrosion pmteclion: 

a. UL-listed fiberglass reinforced plastic IFRP): 

b. UL-listed steel tanks provided w ~ t h  cathodic protection; 

c. UL-listed steel tanka with bonded fiberglass coating; 

d. UL-listed double-welled steel tanks with cathodic proteation or bonded-fiberglass coating; 

e. Other conceinor construction providing equal or better orotaction ageinst leekage than the 
above mentioned conteiners end epproved by the heed of the Fire Depmment. 

6.064 All replacemants of underground ctoreOe tanks must comply with aforementioned standards. 

6.07 Testina ot Underaround Storeoe Te&s of Volumes Lsss Then 1 . I 00  Gallons 

6.071 The owner of every s x k t ~ ~  storage faciliw which does not satisly the design requirements of 
Section 6.06 shall have each tank and its piping tested. at the owner's expense. during the 10th. 
13th, 15th. T 7th, and 19th year e f t a  ~nstallation, end annually thereafter. 

6.072 The owner of every kind of new or existing tank which satisfies all the design requirements of 
Secbon 6.06 shall have the tank end its pipino tested, at the ownsr's expense. during the 15th, and 
20th years follow in^ the date of installetion wd'et  2-year intervals thereafter. 

8.073 If no aaticfactory evidence of the instellelion date exlsts, annuel testing shall begin upon order of 
the Fire Department. 

6.074 It is atrongly recornended that underground tanks be rarnoved totlowing expiration of 
menufacturer's warranty or 20 years after installation. 

6.075 All testing of underground storage containers shall be administarod by qualified persons approved 
by the Fire Department which shall be notified prior to edministering a test. The owner of en 
underground storage conteiner shell, within one week of thev receipt. rupply to tho head of the Fire 
D e p s n m ~ t  a c e r t r h l  copy of all test results. The heed of the Fire Depsnrnent shall keep this copy 
with the records of that' storage facility. 

8.076 Except for tesling performed on e tank and its piping prior to their being covered, e tenk shell be 
tented by sny finnl or precision teat not involv ln~ air pressure which fen accurataly dsteot a look o l  
0.05 gallon perhours or less after adiustment for relevent variables such 08 tmpereturs change end 
tank end deflsction, and whioh has been approved by tha M ~ b h d l .  Pidng deflection ahall be tested 
hydrostat~cdly to 150% ot  the moxlmurn anfcwated pressure of the system. 

6.077 The head 01 the Fira Department may require the owner of any existing tank t o  have it end its pipma 
tested, at the owner'r expence, i n  m y  case in which the owner has feiIed to make a tlrnely 
application for a pennit as requlred under Saot~on 6.05. 

8.078 I f  any of the testing spbcilied in ?his rubroction d ~ s c b a e ~  a leak. the awner of the s toraa container 
&dl ~mrned~etely comply with the requirements of Sections 8.07 and 6.08 o f  thie bykrw. I f  any 
owner fails or refuses to complete a required test, tho F ie  Department may require repair or removal 
of the container. 

Any person who is aware of any spill or loss o t  a toxic or hazardous material shall report such spill or loss 
immediately to the head of the Fire Depsnment. 

8.09 Removal or Repair of Underground Storaae Tanks of  Volumes Less Than 1.1 00 Gallons 

6.091 All leeking storage containers effected by this bylaw must be emptmd by the owner or operator 
within 24 houroof leak detection and removed or repaired by  the owner or oparetor as specified by 
the heed of the Fire Dapartrnent in consultetion with the Board of Health. 
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No underground storage container affeated by this bylaw 6 h d  be removed, or repeired unless the 
Fire Dapartment hae isaued written inetruction to protect public health ~ l d  nefety during the removal 
or repair, or unksc the haad of the Ftre Depnrtment or Board of Health determine that an emrgency 
exists. 

All underground rtorege conteiners a f lec td  by this bylaw which the owner he6 decided to take out 
of service for a period of less than six (8) months shalt promptly notify the Fire Department o l  the 
decision and. eubjact lo their direction, have dl the product and V- *moved fran +he conteiner. 
Before any w c h  conteiner mey be restored to  eervice. the owner ahdl notity the Fire Department 
which mey require that the owner have the container tested. at the ownar'e expay6. Any owner 
of a oontainer affected by thie bylew which has baen or will be out 0f S ~ N ~ C O  for a paiod of greatsr 
then rix (6) months drall, subject to the directtons ot  thm head of tha Fire Deoarlnsnt, h e w  the 
container removed or filled with inert materiel, and heve Iha fill pipe removad or capped with 
concrete. 

6.101 The Fire Department and tte agents m y  enter upon privetoh-owned propem tor the purpose of 
perfornnn~ their dutiae under this bylaw. 

. . 

6.102 Any p e r m  who violatem m y  provision of thie bylaw ohdl be punishad by a fine of not more than 
6300. Esch day or m i o n  thereof d u r i n ~  which e viobtwt conhues shdl  constitute e waparate 
offenoe. H more then one. each condition violated ahdl condrute a leparate OffOnse. Upon request 

, of  the Fire Deparlment and Town Council shall teke such leoml action am mey be necessary to 
anforce this ordinmce. 

In evary care the owner shell eeaume responribility tor cost incurred necessary to comply with this ordinmce. 
The ownw shall be responsible for all coats ot  rscowimp and prop.rly dia~osing of my producr that has 
leaked and for ell costs of restonno the environmmnt, including groundweter and rurfece weter to an 
acceptable condition. The Fire Department may charge the ownpr for expmnsee incurred in the enforcement 
ot the bylaw. 

Variances 

6.1 21 The Fire Deporbnent mey vary the application of e providonof thie bHaw, unless otherwise requ~red 
by law, in  any cese when, tn its opinion, the applicant has demonatrotid that 8n equivdent dsgreo 
of environmsntd protection required under this bylew will still be achieved. 

6.122 In granting e variance. the Fire Department will take into consideration the direction of the 
groundwaer (low, soil conditione, depth to gcoundwatr, eize. shape and dope of the lot. end 
e ~ i a t i n ~  and future water suppfiur. 

8.123 Any denial of a varianco shell be in writing end ohdl contein e brief netemenl of the ree8onn for the 
denial. 

The invdidity of any provisionsol this bylaw shdt not effect the validity of  the ramaindec. 

Page D-58 Nonpdnf Source Management Manual @ 



MODEL UNOERGROUND STORAGE TANK ORDINANCE 
(Based on a Barnstable, Massachusetts Model Ordinance) 

FUEL. STORAGE TANK REGULATIONS 

Whereas, leaking underground storage tanks pose an immediate and serious threat to Cape Cod's sole source wuifer, 
end Whereas tha Town of  - doas not have recards to  locate all such tanka in the Town. Therefore under Chapter 
Ill. Section 31, ot  the Messschusatts General Laws, the - Board of Hedth haraby adopts the following freviaed) 
regulation to protect rha around and surface waters from contamination with liquid toxic or hazardous marerials. 

'Tonic or hazardous materials shell bedefined as all liquid hydrocarbon products including, but not limcted to, gasoline. 
fuel end d~esal oil. and any 0 t h ~  toxic or corrosive chemicde, radiosctive materiels or other aubstanca controlled es 
being toxic or hazardous by the Divirion of Hazardous Waste of the Cmmonwealth of Massachusetts, under the 
provisions of Masmachucetls General Laws, Chapter 21 C, Sactlon 1, st. seq. 

The following regulation6 apply to dl toxic or hazerdour material storege syeteme: 

1.0 hs tdbt ion of Storme Tanks 

1.1 Following the mffeetive dete of thie regulation, tho inntallation of all underground tuel, gasoline or 
ocher chemical etoraga tanks shall conform with tha following criteria: In that the Uni~ed Stetaa 
Enviromnantd Protection Agency designated the Town of - 06 overlvina e sole sourca aquifer. 
ascondory containment of tank md piping and en approved in-tank or interstitial rpace monitoring 
system r h d l  be required for new or rsdacanant tanks. 

1.2 Fdlowino the eltective date of thii regulation, a l  tanks instelled aboveground outside shall be of 
material approved far oulsida use. 

The following ragulationa shall apply to all undarground tanks containing toxic or hazardous materidt, as defined 
h v a .  which are not currently registarad under 627 CMR Q.28 - Tanka and Containers (tanks storinu fuel oil for 
consumptive use orc thm premises, end tam, end residsntid tanks of 1 ,I 00 gallon capacity or less used lor storing 
motor fuel for nonccmmsrciat purposes.) 

2.1 Owners shell Ma wlth the Board of Health, on or b e f o r e .  the sue, type, age end lomtion ot 
e a h  tank, and the substance stored in  them. Evidence of date of purchase and installetion. 
including lira department pmnnit, if any, shall he included dono with a sketch map showing the 
location of  such tenks on the property. Upon registering the tank with tha Board of  Health, the tank 
owner will receive o p m e n t  motel or plastic tag. emboaeed with a rog is t ra th  number unique 
to  that tank. This registration tag must be affixed to  the fill pipa or in  a locarion virible t o  a 
d~ctributor Idling the tank end to any incpector euthorued by the Town. 

2.2 Eltective , every peadourn and other chemical distributor. when filling an underground 
atorwe tad .  shall note on the invoice or bill. the ragirtration nurnbar appearing on the tag affixed 
to the tank which ww filled. Every petrdeum and other chamicel dirtnbutor ehaU notify the Board 
of  Health of the sximtenoe and location of m y  unr.glmerd or untaggd tank which they are 
raqueswd to (al. Such notificstiona must ba canplated withiin two (2) woCmg day. of the t ' m  the 
distributor discover6 that the tank registration tiq w not present. 

2.3 Prior to  the sde of a property containing an underground storege tank. the fire department must 
receive f rom the current owners changa of ownarmhip form for the registra!ion of the underaround 
ntorsge tank. Such form eon be obtained from the fire department. 

3.1 The tank owner shall haw each tank end its piping teated for tightness fifteen (15) years after 
instdiation and a ~ u e l l y  after twenry 120) years. Tests shdl  be by any final or precision test, not 
involving air pressure, that can acourately detect 0 leak of 0.10 gallhr. after adjustment for relevant 
variables, such as tempareture change and tank end deflection, or by ony other test in^ system 
approved by the Board of Haalth, an prov~ding equivaienr safety md effectivene88. Certification of 
the testing ehall be submitted to the Board of Health b~ the owner, at the owner's expense. 
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Those te&s .aubiect to the testing requirement of this regulation shall fubmit tho certification of 
testing to  the Board of Health b y .  Tanks whlch are currently tested under the provisions of 
527 CMR 0.13 are exempt lrom this sectton. 

Maintenance o l  Fuel Storeae Svstems 

4.1 All undargrowrd luel lines which do not have secondary containment shall be replaced with an 
approved doubla-containment system at which time any servico to the system requiring a permit is 
performed. 

4.2 All above-ground alememe ol a luef storaoe eystrm shall be maintained free of leaks and v181bIr rust. 

4.3 All in-tank or interriitiakpace monitoring rystems .hall be checked on a monthly besir to verify 
a y s t m  integnty. Record* of these chocks shall be ront to tha Board of Health snnuelly. 

R e ~ o n  of Leaks or Spills 

5.1 Any person who is awere of e cgill, loss of product, or unaccountad far increme i n  consunption 
which may indicate a la& hill report w c h  spill, lore or increase immediately to the hed of the lire 
depatirnent and to the Board of Hodth. 

Tank Rernovnl 

All underground fuel. gasoline or other chemical tanks not registermd under 527 OMR 9.26 (farm or 
rosidentid tank* of 1,100 gollons or laws end underground tanks storing fusl for coneumptive use 
at the properly) in eervka on the effwsive date of this rsgdstion, uhstl be femoved thirty 130) years 
after the date of inerslbtion. If tho date of insUllation 16 uru4nOwn. ~t shell be assumed to bb. - 
120 year. after etfeative date of regulation). All undergroundrtorage tanks currently subject to the 
removal reguletion must be removed by -. 
Prior to the removal of an underoround storeoe tank governed by thie regulation, the owner rhall first 
obtstn a permit lrom the heed of the firm department, pumumt to M.G.L., C. 148. 

Any person granted s permit by the Marshal w b a d  of a Local flra deporirnent to  rernwe e tank 
under the proweions of M.G.L. C. 148 or 527 CMFI 9.00, shall. within 72 bows, provide the permit 
~ r ~ t i n g  wthority with a receipt for dolivery of said tank to  the site designated on the perrnit. 

Before any parson is granted a permit by the Marshal or the head of a local fire d e p m e n r  t o  
remove a lark, under the provirione of M.G.L, C. 148 or 627 C W  9.00. and raid tank is not bein0 
transponad to an apwoved tank yard, the pereon requert in~ the permit ehall provide the permit- 
otanting authofity with wrjnen approvel from the owner/manager of tho dicpoosl ails. 

In every cam, the owner ahall esrume the r e r p ~ d b i l i r y  for costs inourrad naaaosery to comply with 
this regulation. 

8.1 Vaisnceir ham this mgulat-ian may be qmtd by the Board of kdth otter a hear~ng at whmh the 
applicant establishes the following: 

1. the enforcement thereof would do manifest injustice; and 

2. lnetallation or u w  of an undergfoundrtorag. tank will not odvarwly effect public or private 
watar reaowcaa. In wanting a variance, the Board will take into consideretion the direchon 
of the ground water flow, soil conditions, depth to grmnd weter. oiza. eham and dow of 
tha lot. and e x ~ e t i n ~  and known future water euppllea. 

Enforcement 

0.1 Any ownar or operator videting any provision o f  thie regulation shall be eubject to the peneltles 
provided under M.G.L. Ch. 11 1 s. 31, as amended. Each day during which the violation occurs shall 
const~tute s eeperate offense. Upon requost of the head of the fire department or the Board of 
Health, the licensinp authority and the town counsel shell take any legal action as may be necessary 
t o  enforce the provisions of this regulation. 
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10.1 Provisions of this regulation ere severeble m d  it any proviaion hereof shall be hold invalid under any 
circurnotances, such invalidity shall not affect any other provisions or circumstances. 
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TABLE 0.1 - EXISTING MUNICIPAL BYLAWS 

Table 0.1 lists Massachvsens communrtieo that hove enacted various bylawdordinances and regulations t o  prevent 
or reduce nonpoint source pollution ao of December 1991 (OWS, 19911. Contact the commrrni¶Y for more infomal ion 
on specific bylaws that may bo applicable to your ~Ommunity. 

REFERENCES: 

Prinsry reference: Ch. 40, mnd Ch. 40A Bylaw file st the office of the Anornev Genaral, Commonwealth of 
Mm~echusetts. 

Secondary refsrence: CONEG (Coalitionof Nonhesst Governore), eurvey completed by DEP,lS87-and updated 1 Bee. 

OTHER SOURCES: 

Regiond Planning Agencies' Water Protection Metricies 
ao rubmined with 1091 2051j) applioationr. 

OWSKS TAP files, legal files, and personnel. 
Laidlaw's complied BoH R e ~ u l a t ~ m s .  

Cornpilod by  DWSKS Analyst Ron Staltine, 1991. Please contact DWS at (61 71 292-5869 
wi th  corrections. updated information. or comments. 

KEY and FOOTNOTES to the Water Supply Protection Matrix for the Commonwealth of Massachusetts 

KEY: EXAMPLE: Status IAuthoritv) <S~sc ia l  Now>. FineFee - 
TOWN FOOTNOTES: 

P - The townlci ly uses only private water supplies. 
S - EPA destgnated Sde Source Aquifer 

h a y  only include ponion o f  town/cityl 

Status: Authority: 

Y - yes The Maaasohueenc General b w s  are cited by chapter: 
N - no G - denotes MGL 40, gensrd bylaw 
7 - unknown Z . denotes MGL 40A, zoning b y h  
NIA - Not Applicable H - d e n o t r  MGL 1 1  1. Board of Health ragubtion 

C - denotes MGL 130, coastal wetbndr conwrvation 
I - denotes MGL 131, in-isnd we t l ads  consawetion 

Fee: f - denotes s fee for repiatrstion, eic. 
Fine: F - denote8 a fine meoctetad with nortcornplisnce 

SPECIAL NOTES: 

i - - The town/ciIy has lilsd a VulnerabiEty Aseesrment 
O w e t c o n ~ i r e  Emergency Plen (Fotm ti with the DWS. 

YesrPre - The Open Space Plnn (OSP) ts outdated; in oorne caeve tha date o f  the OS? in effect is cited (e.0. Y <'a9 > 1. 

WellMleter Sumly  Regulations Special Notes: 

'W - Well Regulations 
wp - Well Protection 
n w  - New Well Regulations 
s - Water Supply Regulst~on 
e - Groundwater Elevation Regulstions 
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Table 6-1 Pennichuck Watershed 10 Year Action Plan 

Report Reference 
1. A. Require pre 
and post 
development 
stormwater runoff 
controlsa 

1. B. Minimize 
parking lot impactsa 

1 .D. Use onsite 
infiltration of roof 
leader and other 
recharge; 1.E. Use 
clearing and grading 
pans; 1.F. Minimize 
lawn sizes, 
encourage use of 
native p k i n g s  
3. Pond 

5. Agricultural 
Impactso 

Items To Be Completed 

Description 
Encourage watershed towns to 
adopt similar runoff controls to 
that adopted by Nashua (equal 
pre and post-development 
peaks and infiltration for 2 and 
10-y ear, 24 hour storms. 

Construct a demonstration 
project in an existing parking 
lot in one of the watershed 
communities at the site of a 
cooperating landowner. 
Include raingarden as a 
demonstration if possible. 
Continue plan reviews for all 
watershed projects as they 
arise. Encourage adoption of 
CEI's design standards for 
stormwater controls by all 
communities in the watershed 
as these standards address 
these issues. 

Monitor sediment depths over 
time and evaluate whether 
sediment forebays might 
benefit the ponds. 

Farms and nurseries visited in 
2001 and 2002 should be 
revisited in 2004 and every 
two years afterwards. 

Specifics and Schedule - 

Send letters to the remaining 
watershed towns encouraging them 
to use the Nashua model regulation 
or to adopt CEI's design standards 
for runoff controls. Emphasize that 
this could be part of the 
communities' Phase I1 Stormwater 
compliance. 
Construction to begin summer and 
fall of 2004, ~ennichuck Square, 
Merrimack. Design by CEI is now 
ongoing and a kickoff needs to be 
scheduled to gain participation of 
the stakeholders (landowner, Town 
of Merrimack, tenants, Pennichuck). 
Set up a design review checklist and 
distribute to the watershed 
communities to encourage its use. 
Send to DPWs, Conservation 
Commissions and Planning Boards 
of all watershed communities. 

Replicating the original locations to 
the extent possible, sediment depth 
monitoring needs to be done every 4 
or 5 years during the summer. 
Original depths acquired late 
summer 1999, so depths should be 
acquired in 2004. 
Use the checklist in the Hot Spot 
Visitations report during visits, 
distribute the brochures again. 
Check whether the Natural Resource 
Conservation Service (NRCS) has 
completed their work with 
watershed farms identified in the 
report. 

a Pennichuck Water Works Watershed Management Plan, Kecornmendation # 1 Stormwater, CEI, August, 1998 
Sediment Study of Pennichuck Ponds. CEI, July 2000. 

"Hot Spot Visitations Pennichuck Watershed. CEI, May 2002. 
PBS, PBH, PBP, WBS, and M B  Sub watershed Study 
Pennichuck Water Works 
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Table 6-1 Pennichuck Watershed 10 Year Action Plan 
Items To Be Completed 

6.A. Use infiltration 
controls at specific 
locations 

6.B. Follow up on 
hazardous waste 
sites 

7. Technical 
Education 

8. Public Education 

10.A. Measure 
stream channels and 
imperviousness, 
10B. Conduct 
periodic sediment 
depth sampling; 
10.C. Conduct 
stormwater 
monitoring of 
demonstration 
projects. 

See followon 
recommendations from 
Subwatershed Reports at the 
end of this table on page 6-3. 

- Update the sites list 
generated in the 1998 
Watershed Plan. 

- Contact NH DES and 
request information on 
specific action schedules 
for each site. 

Apply for another grant for 
200516 to repeat the highly 
successful 2000 workshops 
with updated information and 
model regulations. 
Provide a map of the 
demonstration sites and plan a 
tour to be combined with the 
2005 workshops. Invite cable 
channels from each of the 
watershed t o m s  to the tour. 
Invite public through press 
releases beforehand. Build on 
current Low Impact 
Development (LID) movement 
by including techniques that 
could be used in new 
development in ongoing 
construction sites. 
A-B should be done on a 4-5 
year basis. C. is being done by 
NRPC under grant to DES. D. 
is being completed 2004. 

- Inspect all constructed BMPs 
annually and send letters to 
applicable authorities if 
maintenance has not been 
completed 

- Update the record search of sites 
done for the 1998 plan 
(Appendix F HAZWASTE sites) 

- Send a letter to John Regan at 
NH DES asking if he could give 
you an update on the status of 
these sites, listing those 
identified above 

Submit grant application November 
2004. 

Map should include selected existing 
BMPs that work well, the 
Pennichuck Square BMP, the Celina 
Avenue BMP and cornerstone 
properties BMP. It should show 
watershed areas and provide plans 
and specifications. Add to above 
grant application. 

Analyze after completion of 8-10 
years of data and update the 
watershed recommendations to 
reflect the results. Substitute 
sediment depth monitoring (for 
stormwater monitoring) for 
infiltration based demonstration 
projects to gauge effectiveness. 

PBS, PBH, PBP, WBS, and MB Subwatershed Study 
Pennichuck Water Works 

384 



Table 6-1 Pennichuck Watershed 10 Year Action Plan 6-6 

10.D. One year 
intensive monitoring 
program for dry and 
wet weather water 
quality. 
Boire Field Brook 
Subwatershed 

Pennichuck Brook to 
Bowers Pond 
Subwatershed 

Items To Be Completed 

(See above) 

O&M Plans. Encourage the 
use of O&M plans by 
watershed towns by 
sending them a "model" 
plan under a cover letter 
that highlights why it is 
important for their Phase I1 
compliance and for water 
quality in Pennichuck 
Brook. 
Request that EPA or 
NHDES Phase I1 program 
provide guidance on 
disposal of street 
sweepings. 
Evaluate whether the 
Crowne Plaza waterfowl 
situation warrants further 
actions 

- The Amherst Planning 
Board could request that 
the detention structures at 
Amherst Park be rebuilt if 
the site ever needs 
approval for expansion or 
substantial modification 

Send a letter to Nashua DPW, 
the Nashua Planning Board 
and the Nashua Conservation 
Commission, with copies to 
NH DOT regarding the 
Blackstone pond and its need 
for maintenance. 

Other specific Phase I1 bylaws 
that must be adopted will also 
improve the maintenance 
situation on new BMPs. Provide 
model bylaws from NHDES if 
needed. 
Hand out DES prepared 
guidance on street sweepings to 
the involved businesses and their 
contractors if this is noted as a 
problem. 
Inspect sites specifically 
mentioned in the BFB report and 
send new letters if needed to 
encourage maintenance. Copy in 
Nashua DPW as the City is now 
responsible for making sure that 
maintenance is accomplished 
(Phase I1 regulations). 
Take samples for E. coli 
upstream and downstream of the 
site and if significantly higher 
downstream in summer, take 
further actions. 

(See above) 

- If this site comes up for review 
by Amherst municipal agencies, 
Pennichuck should request that 
the drainage detention structures 
be modified to be more effective. 

- Remind Nashua agencies that the 
Blackstone detention pond needs 
cleaning out and request action. 
If this is not done before the 
101 A upgrades, request from 
NH DOT when they go to make 
the improvements on 101 A near 
that site. 

- Reinspect these sites and send a 
letter to Nashua DPW with 

PBS, PBH, PBP, WBS, and MB subwatershed study 
Pennichuck Water Works 



Table 6-1 Pennichuck Watershed 10 Year Action Plan 

Pennichuck Brook to 
Bowers Pond 
Subwatershed 
(continued) 
Witches Brook North 
Subwatershed 

Witches Brook East 
Subwatershed 

Stump Pond Brook 
Subwatershed 

Items To Be Completed 

- Similar to the above, request 
that Nashua require owners 
to maintain the sites listed in 
the report (pages 8-9) 

- Sponsor a Master Gardener 
from the local area who 
would then provide public 
education on how 
homeowners can reduce 
fertilizer and pesticide use in 
yards 

- Encourage watershed towns 
to include recharge 
requirements and steep 
slope controls in their Phase 
I1 regulatoIy updates. 

- Inspect other small sites 
identified in the WBN report 
to obtain a status and need 
for further actions 

- Inspect drainage structures 
listed in the WBE report 
and update status. 

- Send letters to Amherst 
regarding these sites and 
maintenance actions 
needed or modifications 
requested when site 
changes are approved. 

- Submit sediment forebay (pg 
4-1) to NH DOT for 
consideration in 1 01 A 
upgrades in future. 
Alternatively, a grant 
application could be 
submitted for thls BMP. 

- Submit other roadway BMPs 
to the town of Amherst for 
consideration and similarly 
possibly grant applications if 
involved parties agree to 
participate. 

copies of the notes above. 

- Contact UNH Master Gardener 
program to see how they might be 
able to assist Pennichuck in this 
education effort 

- Send a letter to watershed 
Planning Boards encouraging 
them to consider steep slope and 
recharge requirements in their 
regulato~y updates required under 
Phase 11. 

- These are all private 
developments with drainage 
issues. They may be contacted 
during the visits to see if they 
might want to participate in 
modifications such as are 
occurring at Pennichuck Square 
in 2004. Each site will need 
updating if further actions need 
to be taken so that the latest 
designs can be used. 

- These BMPs are in right-of-ways 
for the state and for Amherst. 
They will need to participate for 
any construction to occur. Some 
landowners are also peripherally 
involves as well. 

PBS, PBH, PBP, WBS, and  MB Sub watershed Study 
Pennichuck Water Works 
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