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Executive Summary

Water suppliers like Pennichuck
Water Works Corporation are
regulated under the Safe Drinking
Water Act and Amendments of 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 of
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
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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
1) 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 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.




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.

Executive Summary

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

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

e The reduction in impervious
cover in new and/or modified
developments, with increased
groundwater recharge wherever
possible;

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

e The recommendation that
developers in each of the towns
be required to provide control of
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.



Pennichuck Watershed Management Plan Summary of Recommendations

Top 10 Problems

Recommended Actions

1. Storm Water

Increased amount and poor quality of
storm water flows. This problem also
has led to a loss of baseflow and stream
channel erosion that further results in
declining water quality.

Reduce existing and future imperviousness

e  Require that post-development runoff equal predevelopment runoff.

e  Minimize parking lot impacts using permeable dividers, street buffer strips and modified
landscaping.

e Reduce transportation impacts of subdivisions by using skinny streets with grass swales

e Use onsite infiltration whenever possible, including recharge of roof leaders and other
drainage instead of connection with the existing or new storm drain systems.

e Use clearing and grading plans that minimize site disturbance, require grading plans,
erosion control plans and inspect progress during construction.

e Minimize lawn sizes, encourage the use of native species for landscaping wherever
possible and leave native vegetation in place as a buffer.

2. Minimal Protective Zones

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

Require buffer zones around sensitive water resources and wetlands. Use a general guideline
of a 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.

3. Pond Eutrophication

The Pennichuck ponds are filling in

rapidly. This will further exacerbate

water quality and quantity problems.

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

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

5. Agricultural Impacts.

Livestock using tributary streams for
watering may result in the introduction
of undesirable contaminants.

e Provide education materials for agricultural landowners.

e Request buffer strips or zones from livestock concentrations.

e Purchase conservation easements where needed to protect from direct stream channel
encroachment by livestock.

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.

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 repair shops because of their potential to create major water quality
impacts.

7. Technical Education Needed.
There is a general lack of understanding
of watershed protection principles
among regulatory, planning, public
works and engineering.

e Hold a technical transfer workshop for Conservation Commissions, Planning Board
members, Public Works staff, site developers and engineers.

8. Public Education Needed.

There is a general lack of understanding
of watershed protection principles
among the watershed businesses and
residents.

e Develop an educational questionnaire to gauge the level of understanding within the
watershed communities both before and after the education program.
e 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.

Modify watershed regulations or develop cooperative agreements with watershed towns.

10. Comprehensive Database Needed.
The available database is lacking.

e  Measure steam channels and imperviousness annually.

e  Conduct periodic sediment depth sampling of ponds.

e  Conduct storm water monitoring of demonstration projects.

e Conduct a one-year intensive monitoring program for dry and wet weather water quality
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1.0 Introduction

Pennichuck Water Works supplies the
City of Nashua and several other
communities with a filtered water
supply that meets al state and federal
water quality standards. However,
future federally mandated water
quality standards are expected to call
for higher treatment standardsin
proportion to the raw water quality of
the source. It isthus likely that water
systems with better quality raw water
sources will need less treatment while
those with poor quality sources will
need greater (and more expensive)
treatment. This means that
conventiondly filtered systems like
Pennichuck may have to add
additional treatment if their raw water
quality deteriorates. This can lead to
expensive capital and operation costs
to meet these standards.

Water systems that protect and
improve raw water quality through
watershed protection will be better
able to protect public hedth and to
minimize both capita and annua
operation cogts in the future.

The Pennichuck Water Works
Watershed Study was devel oped with
two objectives:

1. toimprove public hedth
protection and

2. reduce future treatment
expenditures.

The basic steps in developing the
program included:

1. develop objectives and astudy
plan;

2. characterize the watershed;

3. assesswater quality compared to
current surface water supply
standards,

4. develop water and pollutant
budgetsto identify water
quality goals

5. identify and assess existing and
potential sources of pollution;

6. identify and andyze existing
protection measur es;

7. determine the impacts of
buildout on the water supply;

8. prepare the water shed
protection program that
satisfies the objectives and the
identified water quality goals.

1.1 Watershed
Characteristics

The Pennichuck watershed liesin five
Southern New Hampshire towns
including Nashua, Merrimack,
Amherst, Milford, and Hollis. This
watershed supplies the

Section Contents
1.1 Watershed Characteristics-- 1-1

1.2 Water Quality --------------- 1-2
1.3 Hydrologic and Phosphorus
Budgets----------------------- 1-2
1.4 |dentification of Pollution
SOUrces----------------------—- 1-2
1.5 Protective Measures--------- 1-3
1.6 Buffer Zones------------------ 1-3
1.7 Buildout Anaysis------------ 1-3
1.8 Recommendations------------ 1-3

chain ponds with
surface flow (runoff)
and baseflow
(groundwater). Asthe
towns within the
watershed develop,
the amount of surface
flow will increase,
carrying with it land

Conventionally filtered
systems like Pennichuck
may have to add
additional treatment if their
raw water quality
deteriorates.

surface pollutants.
Meanwhile the
baseflow portion may decrease.

The type of land use and soils within
each community affects the amount of
surface flow and the amount of
pollution reaching the ponds.
Therefore, physical characteristics
such as hydrology (how much water is
contributed to the water supply by
different portions of the watershed),
soil types, and land uses in these
towns play an important rolein the
water qudity of the ponds. These
relationships are discussed further in
Section 2.0.

Page 1- 1 Pennichuck Water Works Watershed Management Plan




1.0 Introduction

For this study, the Pennichuck
watershed was ddlineated using
topographic data and local storm 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

The water quality of the ponds was

assessed to determine compliance with

State and Federa drinking water
regulations that are

designed to protect the

Calculated pollutant loads public hedth. Since there

were used to identify the

was limited historica data,
additiond limited sampling

subwatersheds that are the ;a5 conducted and a

greatest threat to water

quality.

basdline sampling program
was developed to obtain
additiond information.

Parameters tested include pH,
conductivity, temperature, dissolved
oxygen, turbidity, flow, feca

coliform, ammonia nitrogen, nitrate
nitrogen, Tota Kjeldahl nitrogen, and
total phosphorus. Discussion of these
parameters and results of the sampling
areincluded in Section 3.0.

1.3 Hydrologic and
Phosphorus
Budgets

As discussed above, hydrology plays
an important role in determining the
water quality of awater 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 contribution to the water supply
to determine which areas contributed
the largest quantities of water. Thisis
discussed in more detail in Section
4.0.

Phosphorus is aso important to the
water quality of the system. High
levels of this nutrient can lead to
excess agae and plant growth, which
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
(phosphorus) loading was aso
developed for Pennichuck watershed
to determine which aress of the
watershed were contributing the
highest levels of phosphorus.
Eutromod Watershed and Lake
Modeling Software (Reckhow, 1990)
was used for thisanalysis. This model
uses the hydrologic budget, land use,
and soils data to estimate theoretical
loadings to the water supply. These
theoretical pollutant |oads were used
to determine subwatersheds that are
the greatest threat to water quality.
More detail on both these andysesis
included in Section 4.0.

1.4 Identification of
Pollution Sources

To identify pollution sources, a
database search was conducted and
New Hampshire Department of
Environmental Services (NHDES)
files on sites and spills were reviewed.
A fidd review was a so conducted.
Pollution sources were then mapped to
evaluate their threat to the water
supply. Potentid pollution sources

Page 1- 2 Pennichuck Water Works Watershed Management Plan



1.0 Introduction

included landfills, junkyards,
underground storage tanks, hazardous
waste generators, Superfund sites,
releases of hazardous waste materials,
oil/gas spill sites, and discharge
permits. More detail on the pollution
sources found and their impactsto
Pennichuck watershed isincluded 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 aso have overlay protection
zones and new development bylaws
that may assist water quality
protection. These were reviewed to
identify 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 aso offer a
significant level of protection by
remaining undevel oped. Section 6.0
discusses in detail the regulations,
protective practices, and protected
lands in each of the towns.

1.6 Buffer Zones

Buffer zoneswere evaluated asaBMP

for al areas of the Pennichuck Water
Works water supply watershed. A
detailed evauation of buffer zonesis
included in Section 7.0.

1.7 Buildout Analysis

A buildout scenario mimics the

conditions that would exist if the
towns developed to their highest
potentia in accordance with the

zoning map. The buildout scenarios
were modeled to determine the
phosphorus impacts to the ponds
should full 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
anadysis effortsin this study,
recommendations were developed to
provide Pennichuck with information
on additiona needed protection in the
watershed.

1

2. Review and evaluate watershed
characteristics.

3. Compare water qudity to
standards.

budgets.

| dentify pollution sources.

Evauate existing protective

measures.

7. Estimate impacts of future
development.

o 0

the objectives.

Steps in the Development of a
Watershed Protection Plan

Develop objectives and a study plan.

4. |dentify water quality goas by
developing hydrologic and nutrient

8. Develop recommendations for meeting

Page 1- 3 Pennichuck Water Works Watershed Management Plan




2.0 Watershed Characteristics

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

Physical characteristics such as
hydrology (how much water is
contributed through rainfall and
runoff), soil types and land usesin
these town’s play an important rolein
the water quality of the ponds. Asthe
towns within the watershed develop,
the amount of surface flow is expected
to increase carrying with it the
pollutants contained on these surfaces.
Simultaneoudly, clean groundwater
“baseflow” into the system of ponds
and streams s likely to decrease as
more and more areas are paved. Thus,
both current and future land usesiin
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 351
acres of water in aseries of chain
ponds that include Supply Pond,
Harris Pond, Bowers Pond, and Holts
Pond. Stump Pond, Pennichuck Pond,
and many smaller ponds also
contribute water to Pennichuck’s
supply. The total pond acreageis just
under 2% of the total watershed area.
The sequence and sizes of these chain
ponds is shown as Figure 2-2.

The supply is based on a series of
natural ponds increased by the
damming of Supply Pond at the
Water Treatment Plant. Water is
taken from Harris Pond 12 months of
the year and supplemented with
water from Supply Pond 6 months of
the year. Water from the Merrimack
River istaken into Bowers Pond,
however, this study did not include the
Merrimack River.

Section Contents

2.1 Water Supply------------- 2.1
2.2 Base Flow/Surface Flow 2-2
2.3 Climate--------=========-=-- 24
2.4 Land USes ----------=====-- 24
2.5 Geology and Soils ------- 2-4
2.6 Ponds and Channel

Characteristics----------------- 25

Figure 2-1. Simplified Water shed (adapted from A
Water shed 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
areincluded in the total surface water
figures above are not included here.
Thereis no information on the storage
capacity of Stump, Pennichuck, Holts
and Supply Ponds.

For the purpose of this project, the
total watershed tributary to Harris
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

e o Ao
Pond Characteristics subwatersheds is shown in Figure 2-3.

Pond Name Drainage Pond Pond The purpose of dividing a watershed
( er’ss) A 2‘;”(2‘:63) Szggg)e into subwatersheds is to compare
Stump Pond 1,516 21 Unknown CharaCter;]Stl cs such as dr?l nage area%
Pennichuck Pond 4,295 57 Unknown tquQrap y a_nd water surface area o
Holts Pond 14,171 23 Unknown different portions of the watershed to
Bowers Pond 15,955 92 180 at full dlow later prioritization of
pond recommendations. For example,

Harris Pond 17,199 | 78 at spillover | 340 at spillover various areas of the watershed can be
Supply Pond 17,598 16 Unknown compared for hydrologic (total water

inputs) and certain pollutant inputs to

SubwatersLE;kzlleCi-azracteristics determine which areas warrant the
Pennichuck Water Works Watershed greatest levels of prot_ectlon from
Subwatershed Name Land Water future t_hreaIS ar?d _Wh|Ch ones need
Area Surface correction of existing threats or
(acres) Area insults.
(acres)
PBS - Pennichuck Brook to Supply Pond 1285 140 The subwatershed ddlineations include
PBB - Pennichuck Brook to Bowers Pond 2390 94 four subdivisions Of _ F_'enniChUCk_
PBH - Pennichuck Brook to Holt’s Pond 1508 0 Brook, three subdivisions of Witches
_ _ Brook, and separate subwatersheds for
PBP— Pennichuck Brook to Pennichuck Pond 1978 89 Stump Pond Brook, Boire Field Brook
WBE — Witches Brook East 1365 0 and Muddy Brook. Basic
WBS— Witches Brook South 3193 0 characteristics for each subwatershed

are shown on Table 2-2. Figure 2-4

WBN — Witches Brook North 1425 0 illustrates a basemap of the watershed
SPB — Stump Pond Brook 1516 21 including the breakdown of the
BFB — Boire Field Brook 1006 0 subwatersheds.
MB1 - Muddy Brook 2317 7
Totd Acreage 17,984 351 2.2 Base Flow /
Surface Flow
As watersheds become more
developed, stormwater flows increase
inintengity. Thisis because with
development, impervious areas such
Meibatecios Subwatershed Huandary as pavement, roofs, and streets slowly
‘ ﬂm may | ';e replace pervious agricultura lands and

forests. Rainfdl in impervious areas
no longer penetrates and recharges
Vatershed Boundary groundwater, but instead runs

(Fatorakods arm msually overland into the nearest water course.

iEveral aquars miles)
Stream

: _ _ _ _ A 10-15% impervious cover can lead
Figure 2-3. Aerial View of Typical Watershed Boundaries to noticeable changes in channel

(adapted from Water shed Protection Techniques, V1,N4,1995.)  morphology. It also may affect
biologica populationsin the streams,
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Pennichuck Water Works Watershed
Management Planning Study

Figure 2—4. Basemap

COMPREHENSIVE
ENVIRONMENTAL
INCORPORATED Scale: 1” = 38600°

Legend
/\/ Watershed Boundary

/\/ Roads
Water

/\/ Town Lines

LABEL | SUBWATERSHED NAME

PBS Pennichueck Brook to Supply Pond
PBB Pennichuck Brook to Bowers Pond
PBH Pennichuck Brook to Holt Fond

PBP Fennichuck Brook to Penmichuck Fond
WBE Witches Brook East

WBS Witches Brook South

WBN Witches Brook North

SPB Stump Pond Brook

BFB Boire Field Brook

MB Muddy Brook




2.0 Watershed Characteristics

vegetative succession and water
chemidtry. (Booth and Reindlt, 1993).
The volume of runoff isincreased for
al storms, and the frequency of
occurrence of mid-bank full flow
events also increases. Thisis
significant in terms of the stream’s
capacity to transport sediment,
increasing sediment transport. (Booth
and Reindt, 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) asthe
percentage of areathat is not “green”.

Stream temperatures are also
increased, and thisislikely to affect
the biologica 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 from babbling brooks into
odorous ponds of muck. This
transformation goes hand-in-hand with
theincrease in storm flow and
eventua 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 smplified diagram of

groundwater base flow inputsto
streams. These groundwater base flow
inputs or discharges to streams are
typicaly the component that allows
streams to become perennia or year
round streams as opposed to
intermittent 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 dso have small
watersheds and thus small amounts of
stormwater inflow, are typicaly much
cleaner than ponds and lakes with
large watersheds and low base flow
inputs.

00 7
////,//// ,//,///

Figure 2-5. Simplified Groundwater Baseflow Diagram (adapted
from A Watershed Approach to Urban Runoff: Handbook for
Decisionmakers).

This highlights the importance of
groundwater inflow into the
Pennichuck Pond system of ponds and
streams. 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.
Studiesin New Y ork 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 Idand, water supply to streams
is 95% from groundwater in rural
areas, 84% from groundwater in semi-
urban areas (impervious cover, no
sawers), and only 20% from
groundwater in urbanized areas where
there isimpervious cover plus

Table 2-3.

General Land Use Characteristics

of Pennichuck Watershed Communities

Town 1996 Land Use | Zoning % of
Population Watershed
Milford 12,000 [ Open Residential 8%
space,
residential
Ambherst 10,000 | Residentia, | Residential, 11%
industrial commercial
industrial
Merrimack 25,000 | Residentia, | Residential, 19%
industrial, industrial,
commercial | commercial
, open
space
Hollis 6,420 | Residentia, | Residential 40%
agricultural | and
, park, open | Agriculture,
space Agriculture
and Business,
Recreational
Nashua 81,000 | Residential, | Residential, 22%
commercial | commercial,
,industrial, | industrial
open space

stormwater and sanitary sewers. (Dry
Wesather Flow in Urban Streams,
Center for Watershed Protection,
Volume 2, Number 1, Fal of 1995).
The Pennichuck capacity to supply
water from the Pennichuck Pond
system has decreased as devel opment
has increased. Although there are no
stream gauges available to chart the
decline, base flow has decreased over

time while stormwater impacts have
heightened.

2.3 Climate

The climate of the areais typicaly
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 thisregion is
about 43.07 inches. The growing
season averages about 160-180 days
and generally lasts from May to
October. (Soil Survey of Hillshorough
County, NH; 1981)

2.4 Land Uses

Five towns make up this watershed;
Milford, Amherst, Merrimack, Hollis
and Nashua. Each town hasits own
makeup of land uses determined by
zoning laws. The genera
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 agal blooms and taste and
odor problems. Eutrophication also
resultsin thefilling in of ponds, which
can reduce the detention the ponds
normally provide. A more detailed
discussion of the effects of phosphorus
and its relaionship to area soils can be
found in Section 4.0.
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Figure 2—6. Land Use Map
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2.0 Watershed Characteristics

Steep dopes, erosive soils and poorly
drained soils aso result in greater
pollutant loads to the reservoir.
Erosion alows sediment and attached
pollutants to travel more quickly and
easily to surface waters by providing
channels for overland flow. Steep
dopes increase the velocity of flow
and do not alow sgnificant time for
infiltration. Poorly drained soils, such
as clay, aso 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 Merrimac
Group, which is composed of pinkish
brown granulite and gray phyllite.
Several areas of granite, quartz
monzonite, and granodiorite have been
forcibly injected up through the
metamorphic rocks in thisarea. A
detailed map of the soilsin the
watershed isincluded in Appendix A.
The general soil types of the area
include:

Hinkley-Windsor: deep, nearly
level to steep, excessively drained,
gravelly and sandy soilson
terraces,

Canton-Chatfield: deep and
moderately deep, nearly leve to
moderately steep, well drained,
loamy soils on hilly uplands;
Bernardston V ariant-Pennichuck-
Canton: deep and moderately
deep, nearly level to doping, well
drained loamy soils on rolling
uplands; and

Urban Land-Windsor-Canton:
urbanized areas and deep, nearly
level to doping, 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. Thisis because upstream ponds
collect pollutants and trap them.

There they are subject to biological
degradation, unless excessive. In the
Pennichuck 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.

Table 2-4.
_ Summary of Effects of Watershed Characteristics on Water Quality _

Physical Relationship to Water Quality
Characteristics
Subwatersheds/ Subwatershed size, soils, slope, and hydrologic features

Drainage Areas

have significant effects on water quality both innaturd and
developed watersheds. Large drainage areas tend to have
poorer water quality because of large stormwater inputs.

Climate The amount of rainfall, seasonal variations in temperature,
and rainfall patterns have a strong effect on both natural
and urban watersheds.

Land Use Watershed land use has a strong effect on water quality,

with forests generally filtering out pollutants while urban
uses create many pollutants and increase ssormwater levels.

Stormwater/ Base
Flow

Stormwater tends to be very poor quality from urban areas,
while there is lesser stormwater impact in undevel oped
aress.

Geology and Soils

The geology and soils may affect water quality because of
the dissolved minerals that affect alkalinity, pH and other
natural features, including water bodies natural ability to
process pollutants.

Ponds/Channel
Characteristics

Ponds located in watersheds trap pollutants, making
downstream aresas cleaner. Channel characteristics change
over time as urbanization increases stormwater flows,
widening and deepening while transporting more sediments

The loss of these ponds also affects
overall watershed storage for water.
Thisloss 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.
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2.0 Watershed Characteristics

Channel characteristics are dependent dthough 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
channdls have scoured and widened, transport more sediment.
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3.0 Water Quality

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 a both
these stages since good raw water
quality can mean lower treatment
costs and reduced taste and odor
problems. Good finished water
qudity is essentia for public hedth.

An overview of Federd and State
regulations on water quality is
included in this section. Thisis
compared with Pennichuck’s
historical raw and finished water
qudity data and with basgline
sampling conducted by CElI for this
project. Analysis of this data indicates
problem areas and potential pollution
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 Drinking Water
Act and amendments of 1986 and
1996. The Act requires that each state
adopt standards that are no less
stringent than the federa regulations.

Surface water qudity 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. These standards
apply to al watersin the Pennichuck

Section Contents

3.1 Introduction---------------- 31
3.2 Regulatory Background --3-1
3.3 Watershed Water Quality 3-3

watershed, although they are geared
more to protect aquatic habitat,
fisheries and recreation than drinking
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
isabrief discussion of each.

Safe Drinking Water Act

The Federa 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
primary drinkingwater ~ Can mean lower treatment
regulations that costs and reduced taste

incorporate maximum

; and odor problems.
contaminant levels

(MCLs), maximum

contaminant level goas (MCLGs),
and treatment techniques for dozens
of contaminants to protect public
hedlth.

Some contaminants health effects are
long-term, such as cancer or liver
damage. Exposure to these
contaminants over along period of
time will increase the consumer’s
chance of contracting such diseases.
Consequently, the MCLs for
contaminants that have long-term
(chronic) hedlth effects are based on
exposure to contaminants over a
lifetime. 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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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 becomesill but there is
little or no lifetime cancer risk. These
contaminants are also regulated to
assure public health safety.

New Hampshire Department of
Environmental Services (NHDES)
Drinking Water Quality
Standards

The New Hampshire Drinking Water
Regulations (Env-Ws 310) mirror the
SDWA regulations in a series of
Maximum Contaminant Levels
(MCLs) and Maximum Contaminant
Level Goals (MCLGs).

The number of regulated

drinking water
contaminants has

increased from less than 20
to more than 100 in the last

10 years.

They address the quality
of water after treatment
(finished water) before it
reaches the consumer.
Table 3-1 shows the
MCLs and MCLGs of
Some common
contaminants compared
to Pennichuck’ s finished

water quality.

Surface Water
Quality Regulations

NHDES a so has surface water
qudity regulations (Env-Ws 432) that
reflect the federal Clean Water Act
requirements. The purpose of these
rulesis 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 recregtiona
activities within the state’s waters.
The Surface Water Quality
Regulations aso 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 al 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 qudity criteria:

(1 The presence of pollutantsin
receiving watersis not the basis
for further 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.

(1 All waters shall be free from
pollutants in concentrations or
combinations that settle to form
harmful deposits; float; produce
odor, color, taste, or turbidity that
is not naturaly occurring; result
in the dominance of nuisance
Species, or prevent recreational
activities.

(1 Thelevd of radioactive materias
shdl not be in concentrations or
combinations that would be
harmful to human, animd, or
aquatic life; would result in
radionuclides in aguétic life
exceeding recommended limits
for consumption by humans; or
would exceed EPA’s Drinking
Water Regulations,

(d Tainting substances shall not be
present in combinations that
individudly or in combination
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Table 3-1. NHDES Drinking Water Standards Compared to Pennichuck Finished Water

Pennichuck
Finished
MCLG  ImcL Water' Notes

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

Total Coliform 0 mg/1 Absence Absence|can be coliform positive.

Fecal Coliform 0 mg\l Absence Absence|Any positive sample must be reported.

Giardia Lamblia 0 mg/1 0 mg/l ~[Microbiological contaminants only monitored

Viruses 0 mg/1 0 mg/l ~|after disease outbreaks.

Legionella 0 mg/1 0 mg/l ~

Cryptosporidium 0 mg/l 0 mg/l ~

Heterotrophic Plate Counts 0 mg/1 0 mg/l <l
Turbidity is measured at representative entry
points. Five NTU may be permitted if higher
turbidity does not result in interference with

0.3 NTU / 0.05|disinfection or microbiological

Turbidity 1 NTU 1 NTU before lime|determinations.

Adjusted Gross Alpha 0 piC/l ~|Alpha radionuclides, not usually a concern in

Gross Alpha 0 piC/1 15 piC/l ~|surface water supplies.

Radium 226 + 228 0 piC/l 5 piC/l ~

Radon 0 piC/l ~

Uranium 0 piC/1 ~
This is an average annual concentration from

Beta Particles and Photon man made radionuclides, not usually a

Radioactivity 4 mrem/year ~|problem in surface water supplies.

Gross Beta 0 piC/l ~|Beta radionuclides are not usually a problem

Radium 228 0 piC/l ~|in surface water supplies.

Tritium 0 piC/l] 20,000 piC/l ~

Strontium 90 0 piC/1 8 piC/l ~

Arsenic 0.05 mg/1 <0.005 [Inorganic metals contaminants

7 million 7 million

Asbestos fibers/l fibers/1 ~

Barium 2.0 mg/l 2.0 mg/1 <0.002

Cadmium 0.005 mg/1 0.005 mg/I <0.0025

Chromium 0.1 mg/l 0.1 mg/l <0.05
The MCL indicated here is actually the action
level. When copper concentrations exceed 1.3
ppb in more than 90% of their samples, action
must be taken for treatment. Copper usually
comes from homeowners plumbing.

Copper 1.3 mg/l 1.3 ppb <0.10

Fluoride 4.0 mg/l 4.0 mg/l <1.0|Limitation for treatment level.
When lead concentrations exceed 15 ppb in
more than 90% of their samples, action must
be taken for treatment. Lead problems usually
come from home plumbing.

Lead 0 mg/l 0.15 mg/l <0.005
Inorganic contaminant

Mercury 0.002 mg/1 0.002 mg/I <0.001
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Table 3-1. NHDES Drinking Water Standards Compared to Pennichuck Finished Water

Pennichuck
Finished
MCLG  ImcL Water' Notes

The total for nitrate and nitrite cannot exceed
Nitrate 10 mg/l 10 mg/l 0.66/10 mg/1, which is not usually a problem in
Nitrite 1.0 mg/l 1.0 mg/l <0.005 |surface waters.
Selenium 0.05 mg/l 0.05 mg/l <0.025|Inorganic contaminants.
Antimony 0.006 mg/1 0.006 mg/I <0.003
Beryllium 0 0.004 mg/I <0.002
Cyanide 0.2 mg/l 0.2 mg/1 <0.001
Nickel 0.1 mg/l 0.1 mg/l <0.05
Thallium 0.0005 mg/1 0.002 mg/I <0.001
Benzene 0 mg/l 0.005 mg/I BDL|Organic contaminants, mostly volatile and not
Carbon tetrachloride 0 mg/l 0.005 mg/l BDL |usually a problem in surface waters.
1,2 dichloroethane 0 mg/l 0.005 mg/I BDL
Trichloroethylene 0 mg/1 0.005 mg/I BDL
Para dichlorobenzene 0.075 mg/1 0.075 mg/I BDL
1,1 dichloroethylene 0.007 mg/1 0.007 mg/I BDL
1,1,1 trichloroethane 0.2 mg/l 0.2 mg/1 BDL
Vinyl chloride 0 mg/l 0.002 mg/I BDL
Cis 1,2 dichloroethylene 0.07 mg/I 0.07 mg/l BDL
1,2 dichloropropane 0 mg/l 0.005 mg/I BDL
Ethylbenzene 0.7 mg/l 0.7 mg/1 BDL
Monochlorobenzene 0.1 mg/l 0.1 mg/l BDL
0 Dichlorobenzene 0.6 mg/1 0.6 mg/1 BDL
Styrene 0.1 mg/l 0.1 mg/l BDL
Tetrachloroethylene 0 mg/l 0.005 mg/I BDL
Toluene 1 mg/l 1 mg/l BDL
Trans 1,2 dichloroethylene 0.1 mg/l 0.1 mg/l BDL
Xylene, Total 10 mg/1 10 mg/1 BDL
Dichloromethane 0 mg/l 0.005 mg/I BDL
1,2,4 Trichlorobenzene 0.009 mg/1 0.07 mg/1 BDL
1,1,2 Trichloroethane 0.003 mg/1 0.005 mg/I BDL

Synthetic organic contaminants (mostly
Alachlor 0 mg/l 0.002 mg/Il BDL |pesticides). Usually a greater problem in
Aldicarb 0.001 mg/l 0.003 mg/I BDL|heavy agricultural areas of the midwest.
Aldicarb sulfoxide 0.001 mg/1 0.004 mg/I BDL
Aldicarb sulfone 0.001 mg/l 0.002 mg/I BDL
Atrazine 0.003 mg/1 0.003 mg/I BDL
Carbofuran 0.04 mg/I 0.04 mg/1 BDL
Chlordane 0 mg/l 0.002 mg/I BDL
Dibromochloropropane 0mg/ll 0.0002 mg/l BDL
Ethylene Dibromide 0 mg/ll 0.00005 mg/I BDL
Heptachlor 0mg/ll 0.0004 mg/I BDL
Heptachlor Epoxide 0mg/ll 0.0002 mg/l BDL
Lindane 0.0002 mg/lf  0.0002 mg/1 BDL
Methoxychlor 0.004 mg/1 0.04 mg/1 BDL
PCBs 0mg/ll 0.0005 mg/Il BDL
Pentacholophenol 0 mg/l 0.001 mg/I BDL
Toxaphene 0 mg/l 0.003 mg/I BDL
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3.0 Water Quality

Table 3-1. NHDES Drinking Water Standards Compared to Pennichuck Finished Water

Pennichuck
Finished
MCLG  ImcL Water' Notes
2,45 TP 0.05 mg/1 0.05 mg/l BDL|Synthetic organic contaminants (mostly
24D 0.07 mg/1 0.07 mg/l BDL |pesticides). Usually a greater problem in
Dalapon 0.2 mg/l 0.2 mg/l BDL |heavy agricultural areas of the midwest.
Di(ethylhexyl)adipate 0 mg/1 0.4 mg/l BDL
Di (ethylhexyl) phthalate 0 mg/1 0.006 mg/1 BDL
Butylbenzylphathalate 0.04 mg/1 0.007 mg/1 BDL
Dinoseb 0.007 mg/1 0.007 mg/1 BDL
Diquat 0.02 mg/1 0.02 mg/l BDL|Synthetic organic contaminants (mostly
Endothall 0.1 mg/l 0.1 mg/l BDL [pesticides). Usually a greater problem in
Endin 0.002 mg/1 0.002 mg/1 BDL |heavy agricultural areas of the midwest.
Glyphosate 0.7 mg/l 0.7 mg/l BDL
Hexachlorobenzene 0.05 mg/1 0.001 mg/l BDL
Hexachlorocyclopentadiene 0.05 mg/1 0.05 mg/l BDL
Oxamyl 0.2 mg/l 0.2 mg/l BDL
PAH 0 mg/l] 0.00002 mg/1 BDL
Picloram 0.5 mg/l 0.5 mg/l BDL
Simazine 0.001 mg/1 0.004 mg/1 BDL
2,3,7,8 TCDD Dioxin 0 mg/1}00000003 mg/1 ~
Bromodichloromethane 3| Trihalomethanes (THMs), monitoring is
Dibromochloromethane <l |required in systems that serve 10,000 or more.
Tribromomethane Total of 100 <0.1
Trichloromethane ppb 20
Chloroform 0 mg/l 0.02|Maximum Disinfection Byproducts.
Bromodichloromethane 0 mg/1 0.003
Bromoform 0 mg/1 <0.0001
Bromate 0 mg/1 ~
Dichloroacetic Acid 0 mg/1 0.011
Trichloroacetic Acid 0.1 mg/l 0.009
Chloral Hydrate 0.005 mg/1 ~
Chlorite 0.3 mg/l ~
Dibrochloromomethane 0.06 mg/l ~
Chlorine 4 mg/1 0.85|Chlorine Disinfectant Residuals.
Chloramines 4 mg/l ~
Chlorine Dioxide 0.8 mg/l ~
0.05% dose at Limitations for Treatment Chemicals.
Acrylamide 0 mg/l 1 mg/l ~
0.01% dose at]
Epichlorohydrin 0 mg/1 20 mg/l ~
~ Not sampled mg/1 - milligrams per liter

BDL - Below Detection Limit

ppb - parts per billion

1.) Pennichuck Samples represent an average of the finished water at Harris Pond taken since 1991.
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3.0 Water Quality

produce undesirable flavorsin
aquatic organisms.

(d Toxic pollutants, unless naturally
occurring, shall bein
concentrations that will not injure
plants, animals, humans or
aguatic life; persist in the
environment; or accumulate to
harmful levelsin aguatic
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 isacomparison
of Pennichuck’s current water quality
and these criteria

3.3 Watershed Water

included afield analysis of pH,
conductivity, turbidity, dissolved
oxygen (DO), temperature and flow
rate. Laboratory analysis was
conducted for fecal coliform,
ammonia, Tota Kjedha 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 seenin
Figure 3-1. The relationship of these
locations to higtorically sampled
locations is described

in the appendix.

Some of the most useful

I F | Colif .
Quality F‘:;a |';) ' o_rm parameters for gauging
The most useful parameters for coliformis
gauging watershed health are not al typically used as watershed health are not
regulated. Table 3-3 describes some indicators of regulated.

of the most useful watershed
management parameters. Dataon
these parameters (some regul ated,
some not) is discussed below.

Pennichuck Water Works has
conducted historical sampling of
severa parameters in the watershed.
Historical sampling data and a map of
their locationsisincluded 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.

Limited additiona 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

bacteriologic pollution
in water. These
bacteria may indicate animal and/or
human fecal wastes that can be
identified and potentialy eiminated

or minimized to improve water
quality. However, there are many
limitations in the accuracy of these
“indicators’ because some bacteriain
the coliform group are not of feca
origin. Thus, the test can give
mideading results, particularly when
counts are fairly low (<100 per ml) in
untreated surface water.

Petsin densely populated areas,
livestock and sewage leaks near
surface waters are typical sources of
fecal coliform. Feca coliformisaso
used to indicate whether other
pathogens may be present; pathogens
that may include viruses, bacteria, and
protozoans like Giardia and
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Cryptosporidium Some of these
pathogens are difficult to trest,
particularly the protozoans, and may
lead to severe cases of diarrhea or
dehydration (which can be fatal to the
immuno-compromised). These
pathogens are not typically tested for
because reliable methods are not
generaly available.

Figure 3-2. Results of 1996 Fecal
Coliform Analysis

Fecal Coliform

used as an adjunct to fecal coliform
counts. Meanwhile, fecal coliform
anaysis supplemented with andysis
for Escherischia coli (E. coli) are the
most reliable indicators available for
identifying fecal wastes.

Feca coliform data from January
1991 to July 1996 indicates specific
areas of the watershed with frequently
high fecal counts (>100 per ml), with
the highest counts generaly occurring
during the summer months.

3001 Review of the six years of data
suggests an increase in feca countsin
most locations over time.

#1100 ml

150 |
100 1 ]
50 1 k High fecal coliform counts were
o - e leadllDW | ovified at Boire Fidd Brook
July 1996 August 1996 December 1996 (S\N?)), &ump Pond (S\N].O), and
R OS2 bone R e Witches Brook (SW11 and SW12),

O sw-1
O sSw-3B
B SW-5 Bowers Pond Mid O SW-6 Holts Pond D
I SW-7 Penn|chuck Brook
SW-9 Muddy Brook
HSW 11 Witches Brook
SW-13 Witches Brook

SW-8 Pennichuck Pond Mouth
SW-10 Stump Brook
O Sw-12 Witches Brook

with counts remaining above 100
from Boire Field Brook during the

winter months when lower counts are
expected. Possible sources for these

mg/l

high counts are sewer breeks, illega

e ) waste discharges or pets in densely
0.1 - ' populated areas. Figure 3-2 shows the
0.16 1 results of fecal coliform sampling.

Total Phosphorus

Phosphorus

Phosphorus is considered a limiting
* nutrient for plant life to grow.
0 ' ' ' ' However, if excessive phosphorus can

Average of One sample Average of One sample One sample oy e
available samples taken in April  available samples taken in June taken in July cause pondS tO f| ” n md b&ome
taken during 3 taken during 4 eutrophic with algae blooms that lead
sampling rounds sampling rounds -
in November in May to taste and odor problemsin water
—#—supply Pond —®— Hanis Pond Bowers Pond S,Ippl ies. Genard Iy, phOS)hOI’US

Holt Pond *— Behind NHVT *— Pennichuck Brook

Stump Pond

levels under 0.02 — 0.03 mg/l will not

lead to eutrophication or algae

blooms. Limited phosphorus data
taken since November 1995 shows
values as high as 0.21 mg/l. As can be
seen from Figure 3-3, the highest
phosphorus levels occur in Bowers
Pond, Pennichuck Brook and the
Merrimack River, with significant

Figure 3-3. Historical Phosphorus
Levels

Some researchers are currently close
to completing work in better
“indicator” organisms that can be
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Table 3-2. NHDES Class A Surface Water Quality Standards Compared to Pennichuck Raw Water

Parameter

tandard

Values Found in PWW System

Dissolved Oxygen

DO = 75% saturation for 16
hours/day, not less than 6 mg/1
unless naturally occurring.

Typical DO values range from 8-10 mg/l in cold, well-
aerated streams and from 3-5 mg/l in warm streams. DO
values during CEI's sampling rounds ranged between 2.8
mg/l and 11.9 mg/l. Low values may suggest oxygen
depletion and potential for fishkills. High values may
suggest excessive algae.

Benthic Deposits

No benthic deposits unless
naturally occurring.

NS*

Coliform

No coliform in quantities that
will impair water uses.

Typically, for drinking water, fecal values should be
absent. High fecal counts occurred at Boire Field Brook,
Stump Pond, and Witches Spring Brook.

Oil and Grease

No oil or grease, unless
naturally occurring.

NS*

occurring.

Color No color unless naturally Color values in 1996 ranged from < 1 color unit to 73
occurring color units. Color does not pose a health threat, however it
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 in

water. High turbidity may interfere with treatment. Harris
Pond, Bowers Pond, and Boire Field Brook showed high
turbidity values at times.

Slicks, Odors, and Surface
Floating Solids

No slicks, odors, or surface
floating solids.

None noted.

Temperature

No artificial rise in temperature.

None noted.

Phosphorus

No phosphorus unless naturally
occurring.

Phosphorus levels range from 0.02 to 0.21 mg/1 in the
chain ponds. Desired levels are usually around 0.02 to
0.03 mg/l in a stream system like this. High levels may
lead to eutrophication of the ponds. Modeling indicated
high values may occur at PBB and SB.

Gross Beta Radioactivity < 1000 picocuries per liter NS*
Stronium-90 < 10 picocuries per liter NS*
Radium-226 < 3 picocuries per liter NS*
pH 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.

Toxic Substances

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

NS*

Dioxin (2,3,7,8 - TCDD)

<0.001 mg/l

NS*

Mixing Zones

Not allowed in Class A waters.

NS*

Antidegradation

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

No point discharges noted.

NS* These parameters are not typically sampled (or are not sampling parameters) unless a specific indisutrial discharge were suspected.
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3.0 Water Quality

Usef
Parameter

Table 3-3.
| Watershed Water Quality Parameters and Their Meaning
Importance to Surface Water Supply

pH

A measure of the concentration of ions (H+) in water. Over-productive reservoirs may
see fluctuations in pH as vegetation and algae photosynthesize (high pH) and respire
(low pH). Excessively high (>9) or low (<4) pH may also suggest industrial wastes.

Temperature

Typically, in winter months, temperatures range from 0-3° C, in summer months,
temperatures range from 23-27° C. Variations in temperature 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 development
tends to increase overall stream temperatures by removing shade trees and by long-term
loss of baseflow.

Turbidity

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

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

Color results from dissolved materials in water. Most colors in natural waters result

from tannins extracted from decaying plants.

Alkalinity

A measure 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.

Dissolved Oxygen (DO)

The presence of DO is important to maintain aquatic life in waters. Typical DO values
range from 8-10 mg/l in cold, well-aerated streams, in warm streams, 3-5 mg/l. 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.

Fecal Coliform

The presence of fecal coliform in high numbers may be an indication of feces from
animal or human waste.

Escherischia coli

This analysis may be used to confirm whether a suspected fecal coliform problem is

(E. coli) really from fecal wastes. It is an enteric bacteria from warm blooded animals or
humans.

Coliphages This test is now under development and will help differentiate between human and
animal wastes. It is not yet readily available commercially.

Phosphorus Phosphorus is an essential element 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
choke waterways and may cause fish kills and unpleasant odors.

Total Kjeldahl Nitrogen
(TKN)

TKN comprises nitrogen in all its forms, organic, ammonia, and nitrate. High TKN
values may indicate a nitrogen source. However, ammonia nitrogen and/or nitrate
nitrogen may also be sampled to help identify a specific source.

Ammonia

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

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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Figure 3—1. Sampling Locations
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3.0 Water Quality

levelsin Bowers Pond after heavy recommended to more accurately
ranfal (5/1/96 and 5/2/96), indicating assess the hedlth of the ponds and
the impacts stormwater has in this surrounding watersheds. Thisis
area discussed further in the
recommendations section.

Since phosphorusis the limiting
nutrient for freshwater aquatic plants Nitrate
(they typicdly 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

Nitrate occurs in most natural waters,
however, too much nitrate in surface
waters has the same result as

phosphorus a gae blooms and excess

order to limit this nutrient, its sources w;n;%ggggigzy dcgcr)l(;gk Stump
must be known. Since this would take Pond and Witches Brook S|10\;\I the

years of intensive sampling to identify
through direct anayss, 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 adso
provide a more accurate long-term
projection of phosphorus loads. They
can also be used, asthey were here, to
predict future water quality based on

highest nitrate levels. Although the
guantities are not large enough to
present a compliance problem, they
may lead to the eutrophication of the
ponds. These subwatersheds are the
most developed areasin the
watershed. Some common sources of
nitrate are contamination from
fertilizers, municipa or livestock
wastewater, and leaking septic

current zoning and the “buildout” of systems.
communities under this zoning. :

In summary, while
The theoretical model used for the i :
Pennichuck system helped to Penn!chgck easily meets
determine phosphorus loads to the all drinking water
chain ponds in Pennichuck’s system. standards, raw water
Thismodel highlighted areas of i ;
grester phosphorus load and helped bacteria and nutrients are
pinpoint sources of pollution. Section troublesome and may lead
4gidsguss?thel phosohorusloadin%f to increased treatment
m in detail. Common sources :
phosphorus are urban development, costs In the fuj[ure' Even
gravel operations, agriculture and more critical is the
logging. increasing inability to
The phosphorus mode! is best used to store” water in th_e _
compare various areas of the watershed. Urbanization
watershed to one another to identify will continue to reduce the
potential problem areas. It does not ilabl t IV 8
take the place of actual data, rather it avallable water supply. £

supplements data collection efforts. A
long-term monitoring plan isaso
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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. Thisis
critical because it alows the
subwatersheds to be prioritized based
on the amount of water contributed to
the chain pond system from each,
with larger contributors being more
critica to the system. For example, a
subwatershed contributing 28% of the
tota flow into the ponds is more
critical than a subwatershed
contributing only two percent of the
total flow because itsimpacts on the
final water quality of the ponds are
greater.

The precipitation data used in the
hydrologic analysis was then used for
further modeling calculations of
pollutant loadings of the critical
parameter phosphorus. Phosphorusis
critical becauseit isthe limiting
nutrient in a fresh water system, and it
isimportant to reduce its loading into
the ponds to minimize agd blooms
and associated taste and odor
problems. Itisaso critica to reduce
phosphorus because excess amounts
lead to eutrophication, the rapid
filling-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 from various
portions of the watershed. It alows
for each of the subwatersheds to be
prioritized based on the phosphorus

Page 4-1 Pennichuck Water Works Watershed Management Plan

loadings each contributes so that
specific subwatersheds may be
identified for preventive and remedia
efforts. For example, a subwatershed
that contributes 18% of the tota
phosphorus loadings is more critica
to the system than a subwatershed
that contributes only five percent of
the totd phosphorus loadings, and
consequently should receive more
effort for preventive and remedia
efforts.

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

Section Contents
4.1 Hydrology ----------------- 4-2
4.2 Nutrient Analysis-------- - 4-3

Table 4-1 Purpose of Hydrologic/Nutrient

Budgets
Allows
Comparison of
Subwatersheds

The hydrologic contributions
from each subwatershed can be
compared and projects can be
focused in areas that contribute
the greatest amount of water;

Allows Focus on | The nutrient budget shows

Problem Areas | aeas contributing the highest

for amounts of phosphorus, a

Remediation critica nutrient in the long-term
health of fresh surface water
bodies;

Allows Focus on
Good Quality
Areas for
Prevention/
Protection

contribution.

Remediation projects can be
focused in the areas of high
phosphorus contribution, while
prevention projects can be
targeted to areas of high volume
and low phosphorus
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Modeling

Figure 4-1. Typical Hydrologic
Cycle

PBS
MB 5%
15%

BFB
2%

SPB
6%
PBH
WBN 6%
6%

PBP
11%

WBS
28%

5%

Figure 4-2. Percent Hydrologic
Contribution

4.1 Hydrology

Hydrology refersto 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. Additiondly, 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 41. Cdlculating the
components on each side of the
equation can be used to develop a
“budget” asis described below.

The hydrologic analysis conducted
for this study consisted of the
delineation of severa 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 4-3.

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 area.
Monthly precipitation records for
Nashua, covering a 74-year period,
from 1922-1995, were used in the
anaysis, with a focus on the 30-year
period of 1966-1995. Runoff
estimates for the area were based on
anaysis of severa gaging station
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4.0 Hydrology and Nutrient

Modeling

records as obtained by the U.S.
Geologica Survey.

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

A study of annud precipitation at
Nashua and flow data at the Souhegan
River at Merrimack for the 54-year
period (1923-1976) shows avery
distinct relationship between
precipitation and flow contribution as
with 49 of the 54 yearsfdling within
the 90% probability range as shown
in more detail in Appendix D. This
relationship can be used to estimate
the annua runoff from the watershed
given avalue 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
vaue of 25.65 inches with a 90%
probability that the annua rainfall
producing this contribution would fall
within the range of 37.8 t0 49.5
inches. A frequency analysis for this
54-year period of rainfal shows the
resultsin Table 4-2.

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 4-2. A more
detailed description of the hydrologic
andysisis 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 from 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.
Modding is especially useful in
watersheds where thereis limited
sampled phosphorus data. However,
modeling provides only arough

Table 4-2. Frequency Analysis of 54-year Period

of Precipitation

% of Time Annua Amount of Precipitation
Precipitation is Less Than (inches)
Stated
1% 2715
2% 28.8
5% 30.9
10% 32.9
20% 354
30% 37.2
70% 44.5
80% 47.2 L
90% -5 I"
95%
98%
99%

Page 4-3 Pennichuck Water Works Watershed Management Plan



4.0 Hydrology and Nutrient
Modeling

MB

BFB

SPB
16%

WBN

8% WBE
7%

PBS
5% 10%

8%

Figure 4-4. Percent Phosphorus

Contribution

Table 4-3. Comparison of Hydrologic and

Phosphorus Contributions by Subwatershed

Subwatershed % Hydrologic | Percent

Contribution Phosphorus
Contribution

PBS Pennichuck Brook 5% 10%

to Supply Pond

PBB Pennichuck Brook 16% 18%

to Bowers Pond

PBH Pennichuck Brook 6% 10%

to Holt's Pond

PBP Pennichuck Brook 11% 8%

to Pennichuck Pond

WBE Witches Brook 5% %

East

WBS Witches Brook 28% 8%

South

WBN Witches Brook 6% 8%

North

SBP Stump Brook 6% 16%

Pond

BFB Boire Field Brook 2% 10%

MB Muddy Brook 15% 5%

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

Since the Pennichuck watershed is
divided into 10 subwatersheds, the
phosphorus loadings from each of
these subwatersheds was estimated to
identify which areas contribute the
most phosphorus. 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 nutrient contributions.

The Eutromod Watershed and Lake
Modeing 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
characterigtics to estimate phosphorus
loadings and in-pond phosphorus
concentrations. This model was
selected because it was developed to
determine phosphorus loadings from
both rural and urban settings, while
many models focus only on urban
watersheds.

The model considers phosphorus
loadings from agricultural areas, since
they may contribute more than
another type of land use of similar
size. The model aso accounts for
phosphorus loadings from forested
areas, considering the phosphorus
content of the regiond soils. Thisis
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important because some of the
Pennichuck watershed is very rura
with small tracts of agricultura land
and large tracts of undeveloped
forested land, while other parts are
rapidly urbanizing. Thus this model
was appropriate for this watershed.
Additiondly, Pennichuck zoning
reveals that some areas of the town of
Hollis may develop as agricultura
land in the future. Severd of the
urban models do not recognize the
high loadings that may be seen from
these agricultural areas. In addition to
caculating loadings from various

land uses, the model aso uses these
estimated loadings to determine
theoretica in-pond phosphorus
concentrations.

Phosphorus Loadings

The Eutromod mode requires an
extensive inventory of the watershed
to identify the watershed specific
parameters to successfully run the
model. The parameters needed to run
the modedl 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 isto
define the various land uses within
the watershed by land area. This data
was obtained from the Nashua
Regiona Planning Commission
(NRPC) for 1994 and is shown as
Figure 4-5. Land areas for each land
usein 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
sgnificant level of protection aslong
asitisnot developed. Additionadly,
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 lands, it
is one of the more desirable
developed land uses since the amount
of impervious arearemains relatively
low in comparison to dense
resdentia, industrid and commercia
areas.

In addition to land use data, soils data
was a0 defined for use in the modd.
This was obtained through the UNH

GRANITNET
database and is Phosphorus is critical because it
providedin is the limiting nutrient in a fresh

Appendix A. These
land areas and soils
data are used to
determine literature
based surface runoff
coefficients for urban
and rural areas of the
watershed (obtained
from 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
usesincluding commercid, industria
and various densities of residential.
These impervious areas have been
correlated with runoff coefficients.
The modd uses these runoff
coefficients to determine the tota
surface runoff within a given area.
The land use datais also used to
identify literature-based phosphorus
concentrations for stormwater runoff
from various land uses.

water system, and it is important
to reduce its loading into the
ponds to minimize algal blooms
and associated taste and odor
problems.
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The mode estimates phosphorus
loadings from a given area by
multiplying the quantity of surface
runoff by the phosphorus
concentrations for specific land uses.
The model aso uses the universal ol
loss equation (USLE) to determine
the amount of eroding soil in the rural

areas of the watershed including
agricultura and forested lands to
account for the phosphorus content
that may be transported in the surface
runoff from these areas. The equation
uses various factors based on the type

Approximately 7,000 pounds
per year of phosphorus are
contributed to the chain pond
system from the watershed.

and dlope of the

soils. Theloca Sail
Conservation Service
was contacted to
assist in the use of
this equation. The

purpose of the USLE
isto determine the
s0il attached
phosphorus loadings
dueto erosion. These
are estimated with the use of literature
based coefficients for soilsin the area.

Finally, the modd dlowsfor 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
sgnificant amount of soil erosionis
expected to occur. However, not all of
that soil will reach a stream or pond
due to low doping land and natura
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 atributary based on the
distance from the nearest
downgradient water body. A trapping
factor is also applied to forested lands

since not al 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 aress, it is generally
assumed that all of the stormwater
and its pollutants will reach the
stream since pipes are availableto
carry the stormwater into the
tributary. However, thereis no storm
drain system in portions of the
watershed so a trapping factor was
applied for the developed areas within
these subwatersheds to account for
runoff onto pervious surfaces, where
some of the surface flow infiltrates
into the ground.

Using the information provided in
Appendix E and described in Table 4-
4, the model was run and phosphorus
loadings by subwatershed and by type
of land use were estimated. These are
summarized in Table 4-6. Based on
the results of the model, atotal of
gpproximately 7,000 pounds of
phosphorus per year are contributed
to the chain pond system from the
watershed (see Figure 4-4 for the
percent contribution 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 areasin the
watershed contribute higher
phosphorus loadings than the rura
areas due to the increased impervious
surfaces. The increase in impervious
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phosphorus to determine pollutant loadings.

Modeling Description Purpose Resource
Parameter
Land use Breakdown of land use categories in the watershed. Used in determining runoff coefficients and NRPC digitized mapping and aerial

photographs (1994)

Septic tanks

All potential septic tanks within 200 meters of any of the chain
ponds.

To determine the total phosphorus contributed
from septic systems.

USGS (1985), NRPC aerial
photographs (1994), and local town
sewer locations

Nutrient
contribution
(kg/capita-yr)

Phosphorus loadings contributed from the number of people living
in homes that potentially have septic systems.

To provide a basis for estimating the total
phosphorus contributed from septic systems.

Reckhow, 1983

Nutrient soil

Percent of phosphorus the soil is likely to bind and retain therefore

To determine quantity of phosphorus from

Estimated using Reckhow, 1983 &

retention never reaching the pond. septic systems that will not reach the ponds. Reckhow, September 1990
Precipitation Average annual rainfall over a 30-year period. Used with runoff coefficient to estimate surface | Pennichuck Water Works, Inc. (for
runoff in watershed. Nashua area)
Runoff Percent of precipitation resulting in surface water runoff based on To estimate surface water runofft for each Reckhow, August 1990
coefficient soils and land use. Estimated using percent impervious area for subwatershed to calculate total phosphorus
urban land uses and soil type, slope and cover for rural land uses. loadings contributed from surface runoff.
Phosphorus Dissolved (mg/1) and sediment bound (mg/kg) phosphorus Used with runoff coefficients and precipitation | Reckhow, August 1990
loading concentrations based on specific land uses. to determine the phosphorus loadings for
concentrations specific land uses within the watershed.
Rainfall Erosivity | A measure of the energy of rainfall and runoff which cause erosion | Used in the Universal Soil Loss Equation State Soil Conservation Service
(RE) (MJ-mm/ha-h). (USLE) which estimates soil loss for the
sediment attached nutrient loading function.
Soil Erodibility The average soil loss under specified conditions of hillslope length | Used in the USLE (see above) State Soil Conservation Service
(K) and gradient.
Topographic Factor reflecting both area slope length and steepness. Used in the USLE (see above) Estimated using slope and length
Factor (LS) data obtained from the State Soil
Conservation Service
Cropping Factor Factor describing the protective effects of vegetative cover, crop Used in the USLE (see above) State Soil Conservation Service
() residues, tillage practices, and mulches.

Erosion Control
Practice Factor

Describes efforts to control erosion through contouring and
terracing. Scaled zero to one, where 0 represents good practices and
1 represents poor practices. State Soil Conservation Service
recommended using a value of 1.0 for the entire watershed.

Used in the USLE (see above)

State Soil Conservation Service

are scaled zero to one. Zero assumes tributaries and/or ponds
receive all pollutants. One assumes that tributaries and/or ponds
receive no pollutants.

determined.

Pond Mean depth and surface area of ponds. Used to calculate detention time to help Pennichuck Water Works, Inc.
Characteristics determine in-pond phosphorus calculations. (some values were estimated)
Trapping The percent of pollutants contributed from surface water that is To estimate the quantity of phosphorus entering | Estimated based on guidance from
Efficiency trapped before entering a tributary or pond. Trapping efficiencies the pond so that in-pond concentrations may be | Reckhow, 1990
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PBS 0 354 0 23 40 43 47 778 0 0 0 867.84 5%
PBB 0 300 107 0 34 0 785 1164 0 0 0 1949.48 11%
PBH 116 268 23 0 90 65 81 846 0 9 9 1010.92 6%
PBP 308 0 0 28 85 3 0 1333 159 31 31 1557.18 9%
WBE 308 10 0 0 59 5 336 582 0 32 32 987.6 6%
WBS 616 0 0 0 99 0 0 2328 75 37 37 2477.64 14%
WBN 901 0 0 0 0 0 175 349 0 0 0 523.86 3%
SPB 672 665 0 0 8 2 12 157 0 0 0 171.31 1%
BFB 19 13 104 0 0 148 118 218 0 0 0 484 3%
MB 450 0 0 0 401 0 0 1296 11 80 80 1465.9 8%
Total 3390 1611 233 52 816 266 1554 9052 245 190 190] 11495.73
Percent of Watershed (by
land use) 19.3% 9.2% 1.3% 0.3% 4.6% 1.5% 8.8% 51.4% 1.4% 1.1% 1.1%

Table 4-6. Phosphorus Loadings by Land Use for the Pennichuck Watershed

PBS PBB PBH PBP WBE WBS WBN SPB BFB MB Total
lbs/yr | los/yr los/yr lbs/yr los/yr lbs/yr los/yr lbs/yr los/yr lbs/yr los/yr

Residential (>1 acre) 0 0 63 131 144 261 403 486 14 193 1695
Residential (1/2 - 1 acre) 330 280 250 0 5 0 0 320 12 0 1197
Residential (<1/2 acre) 55 132 28 16 0 0 0 0 129 0 360
Parks and Town Owned 1 1 13 5 17 28 0 2 0 48 114
Commercial 70 0 105 5 2 0 0 3 239 0 424
Industrial 123 618 213 0 308 0 121 8 310 0 1700
Forest 12 19 10 38 11 74 12 3 4 43 226
Orchard 0 0 0 202 0 129 0 0 0 23 354
Crop 0 0 4 25 13 32 0 0 0 33 107
Pasture 0 0 4 24 11 34 0 0 0 35 108
Septic 0 85 0 18 0 0 0 253 0 0 356
Precipitation 121 81 0 56 0 0 0 21 0 0 278
Total 712 1215 691 519 511 558 536 1096 707 374 6919
Percent Contribution 10% 18% 10% 8% 7% 8% 8% 16% 10% 5%
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surfaces allows for more surface
water runoff, carrying any
contaminants that are deposited onto
these surfaces. As aresult, developed
aresstypicaly show alarger
contaminant loading, as shown
through the results of the model.

The chain pond system provides the
extra benefit of settling out some of
the phosphorus that enters the system
s0 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
resultsin alower phosphorus
concentration in Harris and Supply
Ponds since they are the last ponds in
the series. However, if these upper
watershed chain pondsfill up with
sediments and nutrients, their

In-pond Phosphorus
Concentrations

The model is aso 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 detention will
water entering the pond over a beddeﬁreased If the chain ponds fill in with
specific time period. The model ggdirtnSnts may sediments and nutrients, their
considers the settling of phosphorus ovenbecomea  detention will decrease and the
into the sedimentsin the pond to .
develop an appropriate in-pond source of sediments may become a
concentration. However. the model nutrientsinto source of nutrients into the
does not consider internal phosphorus e drnking —— grinking water.
loadings from the sediments that may water. Thus, itis

important to

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 from the entire
watershed are used to determine the
in-lake concentration. In 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 define the in-pond
concentration for each pond, each
pond is looked at on an individud
basis to account for the detention that
is occurring.

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 Pennichuck 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 |eaving 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 placein the
preceding ponds (Pennichuck and
Stump Pond). Bowers, Harris and
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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
concentrationsin Table 4-8. Since the
intake to the water supply distribution
is primarily from Harris Pond, this
pond is the focus for maintaining a
reasonable water quality phosphorus
godl.

As shown in the table, the phosphorus
concentration in Harris Pond during
an average year is estimated at 0.033
mg/l, which is comparable to the 1996

Table 4-8. Comparison of Estimated Phosphorus Levels (with and

without detention) to Average Phosphorus Data for 1996

Pond Estimated Estimated Average
Modeled Modeled Sampled
Concentration | Concentration Concentration
Considering if No Detention | (1996) (mg/l)
Detention from | is Provided from
the Ponds Ponds (mg/l)

(mg/l)
Stump Pond 0.073 0.073 0.01
(based on only
one sample)

Pennichuck 0.028 0.028 No data

Pond

Holts Pond 0.046 0.056 0.05

Bowers Pond 0.039 0.047 0.12

Harris Pond 0.033 0.049 0.04

Supply Pond 0.029 0.099 0.03

average of 0.04. Thisisabout one and
one half times the desired phosphorus

leve of 0.02 mg/l. This estimated
concentration was calculated with
consideration for the detention that
each pond may be providing. As
discussed above, if the pondsfill in
with sediments and nutrients, this
detention may be lost resulting in
increased levels of phosphorusin
each of the ponds. The expected in-
pond concentrations with no added
detention is aso provided in Table 4-
8. The results show a significant
increase in phosphorus levelsin 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 mg/l isadedrablein-
pond maximum for phosphorusin an
unfiltered water supply, it is probably
not redlistically achievable or
affordable for the Pennichuck chain
pond system because of the already
urbanized nature of portions of the
watershed. A more redlistic goal of
about 0.025 mg/l may be achievable
using a combination of mostly low
cost prevention best management
practices (BMPs) and higher cost
remediation BMPs.

To reduce the in-pond concentration
to 0.025 mg/l, approximately 2,200
pounds of phosphorus will need to be
removed from the watershed,
upgradient of Harris Pond. Because it
isachain pond system, the quantity
of phosphorus removed from each
subwatershed is important in terms of
the impact it has on the in-pond
concentrations. For example,
phosphorus removed from the
drainage area into Holts Pond not
only impacts the in-pond
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Table 4-7. Modeled In-pond Phosphorus Concentrations and Parameters for Pennichuck Water Supply System

- Existing Situation

Stump Pond | Pennichuck Pond | Holts Pond | Bowers Pond | Harris Pond | Supply Pond
Lake area (km2) 0.08 0.23 0.09 0.37 0.32 0.06
Mean Depth (m) 1.52 1.52 1.22 1.83 4.08 3.60
Watershed area (km2) 6.14 17.38 57.35 64.57 69.61 70.27
Precipitation volume (1076 m3) 0.09 0.25 0.10 0.41 0.35 0.07
Evaporation volume (10”6 m3) 0.05 0.13 0.05 0.21 0.18 0.04
Precipitation loading (kg/yr) 9 26 10 41 35 7
Land use phosphorus loadings
(kg/yr) 488 381 1146 467 433 98
Land & precipitation phosphorus
loadings (kg/yr) 497 406 1156 508 468 105
Phosphorus loadings from
Merrimack River (kg/yr) 0.00 0.00 0.00 177.46 0.00 0.00
Phosphorus loadings from preceding
pond(s) (kg/yr) 0 0 496 1334 1383 657
Total phosphorus loadings (kg/yr) 497 406 1653 2020 1851 763
Stream runoff (m/yr) 0.509 0.509 0.509 0.543 0.540 0.293
Lake volume (10”6 m3) 0.13 0.35 0.11 0.68 1.29 0.23
Detention time (years) 0.04 0.04 0.00 0.02 0.03 0.01
Volumetric waterload (1076 m3/yr) 3 9 29 36 38 21
Total P-in (mg/1) 0.152 0.044 0.056 0.057 0.049 0.037
In-pond Phosphorus (mg/l) 0.073 0.028 0.046 0.039 0.033 0.029
P leaving pond (kg/yr) 238 258 1334 1383 657 N/A

* Values are for existing estimated conditon.
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concentration of Holts, but also
impacts the in-pond concentration of
downgradient pondsincluding
Bowers, Harris and Supply Pond.
Additiondly, the maority of
phosphorus enters Holts Pond directly
through its tributaries, whereas the
downgradient ponds receive most of
their loadings from the preceding

pond.

Based on thisinformation, it is
recommended that the mgority of the
phosphorus be removed from the
drainage areainto Holts Pond
(including WBE through WBN and

PBH) and from PBS, PBB, and BFB.

The more costly remedia 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 from these tributaries goes
through detention in Pennichuck and
Stump Ponds and has a minimal
impact on the in-pond concentration
of Harris and Supply Ponds.
However, low cost preventative
measures should be applied in these
subwatersheds to minimize the
loadingsinto these ponds.

Based on the theoretical modeling
data, focusing efforts in this manner
should help Pennichuck meet a water
quality god of 0.025 mg/l 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 dlowable 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. Additiondly, filling of the
ponds may result in the sediments
contributing phosphorus to the water
qudity and could reduce the detention
provided.

Actual datais needed to verify the
results of the model

to better define
specific sources of
phosphorus. Potential
pollution sources
based on database
searches and field
reviews are identified

Approximately 2,200 pounds
per year of phosphorus need to
be removed from the watershed
to achieve an in-pond
concentration of 0.025 mg/l in
Harris Pond.

in Section 5.0.

' Best management practices (BMPs)
consist of activitiesthat are used to
reduce the pollutant loadings entering the
ponds. BMPs may be regulatory in nature
or consgist of structural measuresto
capture and trest tormwater before
discharge into the ponds or tributaries.
Recommended BMPsfor the watershed
arediscussed in more detall inthe
recommendations section.

Page 4-9 Pennichuck Water Works Watershed Management Plan



4.0 Hydrology and Nutrient Modeling

Table 4-9. Desirable In-Pond Phosphorus Concentrations and

Parameters for Phosphorus Reduction in the Pennichuck Water Supply System

Stump Pond | Pennichuck Pond [ Holts Pond | Bowers Pond | Harris Pond | Supply Pond
Lake area (km2) 0.08 0.23 0.09 0.37 0.32 0.06
Mean Depth (m) 1.52 1.52 1.22 1.83 4.08 3.60
Watershed area (km2) 6.14 17.38 57.35 64.57 69.61 70.27
Precipitation volume (1076 m3) 0.09 0.25 0.10 0.41 0.35 0.07
Evaporation volume (1076 m3) 0.05 0.13 0.05 0.21 0.18 0.04
Precipitation loading (kg/yr) 9 26 10 41 35 7
Land use phosphorus loadings (kg/yr) 388 281 746 267 233 98
Land & precipitation phosphorus
loadings (kg/yr) 297 307 756 308 268 105
Phosphorus loadings from Merrimack
River (kg/yr) 0 0 0 177 0 0
Phosphorus loadings from preceding
pond(s) (kg/yr) 0 0 366 938 1027 486
Total phosphorus loadings (kg/yr) 297 307 1122 1424 1295 591
Stream runoff (m/yr) 0.509 0.509 0.509 0.543 0.540 0.293
Lake volume (106 m3) 0.13 0.35 0.11 0.68 1.29 0.23
Detention time (years) 0.04 0.04 0.00 0.02 0.03 0.01
Volumetric waterload (1076 m3/yr) 3 9 29 36 38 21
Total P-in (mg/1) 0.091 0.033 0.038 0.040 0.034 0.029
In-pond Phosphorus (mg/l) 0.049 0.022 0.032 0.029 0.024 0.023
P leaving pond (kg/yr) 162 205 938 1027 486 N/A

*Values are projected to simulate conditions if phosphorus reductions are made.
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5.1 The Pollutants

Thereis an extremely close
relationship between the water quality
of apond or reservoir and its
watershed. The surrounding
watershed is responsible for
contributing the water required to
maintain water levels and also
contributes most of the pollutant
loads. Water quality is adirect
reflection of watershed land use and

hydrology.

The water quality threats in the
Pennichuck watershed were identified
and prioritized based on their relative
risks. These sources are the most
likely to interfere with the quality of
Pennichuck’ s supply. The genera
categories of pollutants are
summarized below:

1. Microbiological contaminants,
particularly pathogenic
protozoans such as Giardia and
Cryptosporidium pose the
greatest threat to water quality
because they are so difficult to
treat effectively. Viruses and
bacteria, athough more easily
treated by disinfection, may also
pose athreat.

Typical sources of these
pathogens include livestock and
pets, sawer line breaks, cross
connections to storm water
systems, and any other sources of
human and animal fecal waste.
With the exception of wildlife
waste, which istypicaly
inggnificant (except for direct
waterfowl input) these factors are
usudly linked directly with the
level of watershed development.
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2. Nutrients, paticularly nitrogen
and phosphorus may enter
waterways in high concentrations
from fecal wastes, fertilizers, and
roadway runoff, providing food
for excess aquatic plant and algae
growth. Nitrogen and phosphorus
are essentia nutrients required by
plants to grow. Gardeners are
probably familiar with the term
“NPK”
(Nitrogen/Phosphorus/Potassium)
since most fertilizers are based on
different ratios of these elements.
Excess levels of the two primary
nutrients,
nitrogen and

Section Contents

5.1 The Pollutants------------ 51
5.2 Pollution Sources --------- 5-2

phosphorus are
typicdly found

in agricultura
and urban runoff.
High levels of

Water quality is a direct
reflection of watershed
land use and hydrology.

these nutrients

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 aguatic plants and algae,
phosphorus is the nutrient of
highest concern in freshwater
systems.

The control of phosphorusis
extremely important because it is
the “limiting nutrient” in afresh
water system. Nitrogen, aswith
phosphorus, may aso result in
excess vegetative growth.
However, even if al waste
sources of nitrogen were
eliminated, some plant species
can fix nitrogen from the
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amosphere and add to the
nitrogen pool if nitrogen is short
in supply. Phosphorusis not
usually available from the
atmosphere in large quantities so
limiting the phasphorus supply
will theoreticaly limit the algae
blooms and other explosive plant

growth.

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

Limiting phosphorus supply

will theoretically limit the
algae blooms and other
explosive plant growth
characteristic of
eutrophication.

commonly exceeded
MCL in groundwater
systems. It is
typicaly contributed
to surface waters by
human and animal
wastes that are high
in nitrogen and can
usualy befoundin
excesslevelsin
urban runoff. Even
though exceedance

of the 20 mg/l limit isunlikdy in
surface water, much lower levels
can ill contribute to excess
vegetative growth.

3. Sediments from disturbed areas,
other erosion, and road
sdting/sanding also are athresat to
water supplies. In addition to the
loss of storage capacity caused by
these sediments, they also carry
particulate contaminants such as
phosphorus, pesticides and heavy
metals into the water supply.
Activities like construction that
disturb vegetation and natural soil
profiles are major sources of

sediment.

4. Turbidity levelsin water are
caused by the presence of
suspended matter. Water sources
typically become turbid as a

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 levelsin the
receiving waters. It is particularly
important to control turbidity
levelsin drinking water because
elevated levels can interfere with
disinfection by sheltering
microbes and reducing their
exposure to chlorination,
potentialy alowing disease-
causing pathogenic organismsto
enter the distribution system.

5. Hazardous materials also pose a
significant threat. The sources of
these materials are as diverse as
the chemica compounds, ranging
from petroleum hydrocarbons
entering from roadways or from
spills to essentially any chemicals
(industrial or otherwise) that
could be spilled in railroad or
other transportation accidents.

5.2 Pollution Sources

| dentification of the potential

pollution sources in the watershed is
one step in determining where
remedial and preventative measures
should be focused to minimize
contaminant impacts on the receiving
water body. Once the locations where
these measures need to be applied are
identified, specific measures may then
be developed to meet water quality
godls.
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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-point 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 the watershed through:

field surveys,

review of aerials,

database searches, and

areview of federal/state records.

e NN o

This review identified subwatersheds
that contain severa pollution sources
so that their relation to the overdl
water quality of the pond system
could be further defined. Figures 5-1
and 5-2 show al 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
Nationa Pollutant Discharge
Elimination System (NPDES)
Permits

Point sources covered by
Groundwater Discharge Permits
State and Federa 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. There were a number of
Groundwater Hazard Inventory sites
within the watershed, however, no
automobile salvage yards or NPDES
stes were identified through the
search. Figure 5-1 shows the location
of these and other potentia pollution
Sites.

A file search was a so completed
through the NH Department of
Environmental Services (NHDEYS) to
determine additional sites that
GRANITNET may not have
indicated. Conversations were held
with both the Groundwater Pratection
Bureau and Hazardous Waste
Divison of NHDES to help identify
potential threats to the water supply
and an All Sites List was obtained (a
list of al hazardous waste, leaking
underground storage tanks, landfills,
etc in the state) and reviewed. A list
of stesfound both during the state
file review and the database search
and their statusisin Appendix F.

Many of the sites found during the
search and file review are identified
by NHDES 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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have been remediated and/or closed.
Currently, the sites within the
watershed that are ongoing and
assigned a project manager include:

1. Site#910623: Bellemore Heating
Oil Co.; 21 Old Nashua Road,
Amherst; Project manager: Willis.

Several hazardous waste
sites provide potential point

sources of pollution.

2. Site#861101:
Merrimack Well #6
(Merrimack
Industrial Metals);
off Milford Road,

Merrimack; Project
manager: Wickson.

3. Site #940966: Post Road Plaza;
Route 101A, Merrimack; Project
manager: Wickson.

4. Site#941134: Conndl Shopping
Plaza; Rte 3, Merrimack; Project
manager: Berry.

5. Site #880316: CocaCola; 600
Amherst Street, Nashua; Project
Manager: Willis.

The RCRA (hazardous waste
generators) and provisiona 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
provisond ligt. The provisond list
consists of one-time hazardous waste
generators. Most of these sites are
located along Route 101A and are not
included on the map since they
probably do not pose a significant
threat to the watershed. A copy of the
provisond list and the RCRA
generatorsisincluded 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 dea with non-point
source issues.

Non-Point (Stormwater) Sources

Non-point sources include awide
variety of pollution sources that enter
the water body through stormwater
runoff from 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
Condtruction activities
Landfills

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 through
runoff from stormwater. Although dl
of these pollutants are important,
phosphorus was the focus of this
anaysis because it is the most
important freshwater nutrient and is
the most readily and frequently
modeled non-point source indicator.
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Figure 5—2. RCRA Sites
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5.0 Pollution Sources

Further, phosphorusis typicaly the
“limiting” nutrient in freshwater
systems. Other non-point sources of
pollution are aso critica but either do
not lend themselves to modeling
because of complex behavior
(bacteria) or are difficult to model
because of alack of dataon typical
runoff values (metals).

An important factor in determining
the threat of pollution from an areais
the relative flow contribution each
subwatershed makes to the overal
system in relation to the overal
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 alarge fraction
of the total storm water inpuit.

Phosphorus contributions cal culated
for this watershed are based on total
pounds of phosphorus loadings and
have dready 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
remediation efforts should be the
focusin 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 10% of the phosphorus

load. Conversdly, relaively

undevel oped subwatersheds have a
positive contribution to the reservoir.
For example, subwatershed MB1
contributes 15% of the inflow 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 remedia measures. Table
5-1 indicates which subwatersheds
should be focused on remediation and
prevention.

Table 5-1. Remediation vs. Prevention

Measures for the Pennichuck Watershed

Subwater shed Hydrologic | Phosphorus | Focus of
L oad L oad Efforts

PBS-Pennichuck | Low (5%) High (10%) Remediation

Brook to Supply

Pond

PBB-Pennichuck | High (16%) | High (18%) | Remediation

Brook to Bowers

Pond

PBH-Pennichuck | Low (6%) High (10%) | Remediation

Brook to Holt

Pond

PBP-Pennichuck | High (11%) | Low (8%) Prevention

Brook to

Pennichuck Pond

BFB-BoireFiedd | Low (2%) High (10%) | Remediation

Brook

MBI-Muddy High (15%) | Low (5%) Prevention

Brook

WBE-Witches Low (5%) Low (7%) Prevention

Brook East

WBS-Witches High (28%) | Low (8%) Prevention

Brook South

WBN-Witches Low (6%) Low (8%) Prevention

Brook North

SPB-Stump Pond | Low (6%) High (16%) | PreventiQg

Brook
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Although SPB isidentified as a magor
contributor of pollution, it is not
identified as a priority for remediation
efforts. Thisis due to the detention
that Stump Pond and the other ponds
in the chain provide before the
pollutants reach Harris and Supply
Ponds. Resullts of the modeling show
that removal of phosphorusin SPB
will not have a significant impact on
the water quality in Harris or Supply
Ponds. However, as the pondsfill in,
this detention will be minimized and

Prevention efforts are
typically much lower cost
than remediation efforts.

more pollutants will
reach the intake, at
which point remedia
efforts may be
necessary at SPB.
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 aong
with the threats they pose to the
reservoir.

Industrial and commercial land
uses

Industrial and commercia 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 pollutantsin
this flow are increased. These sources
generaly also have a stormwater
collection and discharge system that
carry stormwater and its pollutants
directly to atributary or pond.

In addition to typica 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 aspill
occurs during dock loading and
unloading and is not contained and
cleaned immediately, residua
contamination may introduce
contaminants into stormwater during
rain events. There may aso be
contaminants from stack emissions.

Dense residential land uses

Potentialy large contributors to
pollution are sewered and unsewered
dense residential and commercia
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 roadsin
Merrimack that fall within the
watershed are sewered. Neither Hollis
nor Milford have any roads that are
sawered within the watershed.
Amherst does not have a sewer
system, however, Route 101A, which
has commercial areasis sewered (this
comprises 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 areasrely on
individual septic systems for
wastewater treatment. Significant
water quality problems have been
associated with septic systems if there
isalack of adequate soil for treatment
and/or high ground water levels
and/or shalow depth to bedrock.

Septic systems located closer to
Pennichuck’ s water supply have a
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5.0 Pollution Sources

greater chance of contributing
microbiologica 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 alot of stones,
steep dopes, 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. Thisis
atypicd problem in older
“grandfathered” systems, but is
usually not a significant concern in
newer systems that now meet
standards that are more rigorous.

Densely populated commercid and
residential sewered areas, as seenin
Nashua, often contribute significantly
to pollution to a watershed. Possible
sources of pollution in sewered areas
include large impervious aress,
contamination from automobiles,
possible breaks in sewer lines,
intensive / excessive lawn care
practices, car washing (both
commercia and home), and pet
wastes among others. Together, these
potentia pollution sources typicaly
contribute significant levels of
bacteria and nutrient loadings to the
receiving water body by direct
overland runoff or through
stormwater collection systems.

Densaly populated areas such as the
residential areasin Nashua, are
considered a more significant threst,
due to increased imperviousness

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

Intensive agriculture

Agricultura farms and animal waste
aso 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 pollutants
from animal wastes

or the application of
pesticides and
fertilizers. These
applications may
result in the
discharge of
microbiologica

Densely populated
commercial and residential
areas may contribute
significantly to water
quality problems.

contaminants,
nutrients, and toxic
materials that could lessen the quality
of the water supply. Petsin dense
residential areas also have the
potentia to increase microbiological
contaminants and nutrients to the
reservoir. Agricultura usesin the
watershed are indicated on the
pollution sources map, Figure 5-1.
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.

Transportation activities

Trangportation spill risks in each of
the towns were aso identified.
Transportation spills are most likely

to come from the roadways or
railways that intersect atributary to
the water supply or the supply itsalf.
Another sourceisairports. If aspill
occurs at these locations, there is little
time to take remedia action before it
enters the supply. The magjor roadway
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and railways in the watershed that
crossed Pennichuck’ s system include
the Daniel Webster Highway, the
Everett Turnpike, and Routes 101A
and 122. Each of these roads traverse
asignificant portion of the watershed
and cross Pennichuck’s system at
more than one point. Spills a any of
these locations may result in
hazardous materials coming in direct

Construction activities may

bring significant sediment

loads, with many attached

pollutants, into the water
supply.

contact with the
receiving waters with
littletime to react to
contain or remediate
the incident.

Airport maintenance
facilities generate
pollutants such as
aviation fuel waste
ail, hydraulic fluid,

cleaning lubricants, and degreasing
solvents. Fud trucks often refuel the
planes at the loading gates and
overfills are a common problem. In
colder months, deicing chemicals are
used for safety on the runways, often
with chemicals that contain urea, a
nitrogenous compound that could
contribute to the eutrophication of
surface waters. To control plant and
weed growth, pesticides and
herbicides may be used on the
grounds surrounding the runways.
Storage areas for petroleum products,
solvents, pesticides and road salt are
also apotential threat to surface water
quaity. The Boire Field Airport in
Nashuais located in the BFB
subwatershed, so there is potentia for
some of these activities to contribute
to the pollutant load.

Residentia roadways are not included
because large commercial trucks
transporting hazardous materials are
not expected to travel on these
roadways. However, the roads do

increase the imperviousness of the
watershed and add many non-point
source pollutants.

In addition to spill risks, most
roadways may also contribute general
non-point source pollution including
nutrients, heavy metals, oil and
grease, and sediments from roadway
sanding and salting.

Construction activities

Congtruction activities are considered
potentia pollution sources due to the
potentia for erosion and
sedimentation. The land clearing
during congtruction activities leads to
reduced canopy cover from trees,
resulting in rain directly contacting
the soils, which increases stormwater
runoff volume and velocity. Erosion
is the result. Smoothing of land
surfaces, compaction, increased
impervious aress, and filling of
wetland areas all combine to increase
the amount of surface runoff.
Therefore, suspended sediments and
attached nutrients are transported to
the streams.
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Measures

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

local regulatory controls
including land use controls,

regulatory controls, and

land ownership, and other
protection measures.

Additiondly, the chain pond system
lends natura protection to the water
quality of the ponds by alowing
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 eventualy
become a source of pollution.

6.1 Regulatory
Protection

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

Zoning

Zoning can be a useful protection
measure by controlling the future
development of specific areas. The
degree of protection zoning provides
is directly related to the type of
zoning alowed 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

6.3 Land Ownership................ 6-15

. . 6.4 Pennichuck Water Works.6-15
impervious areas, such as 6.5 Town Ownership.............. 6-16

commercial and industrial areas, are 6.6 Other Protective Measuress-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

industrid.

The most desirable zoning is
conservation snce it minimizes the
impervious fraction of land and
buffers the ponds from stormwater
pollutants. Next is low-

density residential

zoning (>2 acre lots)
which isaso rdatively
desirable from awater
quality standpoint, since
the impervious areais
kept to aminimum. As
residential zoning
becomes more dense
(less than one acre lots)
water quality impacts
tend to increase from
more cars, more roads,

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

more pets and other

sources of waste material. The least
desirable zoning classifications are
commercid and industrial, as these
tend to have large parking lots and
greater amounts of impervious areas
resulting in large contributions. They
aso tend to produce the largest
amounts of “unfiltered” storm water.

Zoning information was automated to
produce a composite zoning map for
the entire watershed (Figure 6-1).
Zoning information from the five
cities'towns was aggregated into the
following categories: resdential A
(>2 acre lots), residentia B (1/2 - 2
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Measures

acre lots), residential C (< /2 acre
lots), planned unit development,
commercid, industrid, agriculture
and business, residentia 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 aready in place within
the watershed, current planning
restrictions can affect the outcome.
For instance, when industrial and
residential zoned lands are dated for
development, concessions to provide
buffers or other restrictions may be
sought by local Boards, since the
impacts on the
environment and

Subdivision regulations

infrastructure may be
sgnificant.

can encourage cluster

development, which tends

to minimize
Imperviousness.

Subdivision
Regulations
Subdivison
regulations play an

important rolein
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 and/or
development within areas of poorly
drained soil; some require an
environmental impact review; many
require open space in any new
devel opments, reducing the amount
of impervious areas; stormwater
runoff and drainageistightly
monitored; and in many cases,
developments are not alowed in

places subject to flooding, poor
drainage, or other hazardous
conditions.

One way subdivision regulations can
help protect natural resourcesis by
encouraging cluster devel opment,
which reguires the use of open space,
decreasing the amount of impervious
areaand as aresult, will so
decrease stormwater pollution.
Another method is to require that
post-devel opment groundwater
recharge be equal to or exceed
predevelopment discharge.
Provisons included in the
subdivision regulations for each of
the townsis discussed in more detall
below.

Site Plan Review

Site Plan Reviews offer a different
type of protection. Site Plan Reviews
are required for any significant
development in al towns of the
watershed. The intent is to encourage
adesirable 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 natura 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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Figure 6-—1. Zoning Map

e, COMPREHENSIVE
422k ENVIRONMENTAL
&% [NCORPORATED Scale: 17 = 3600’

LABEL

PBS
PBB
PBH
PBP
WBE
WBS
WBN

SPB
BFB

SUBWATERSHED N

Fennichuck Brook to
Pennichuck Brock to
Pennichuck Broeok to
Pennichuck Broock to
Witches Brook East

Witchea Brook South
Witches Brook North
Stump Pond Brook

Boire Field Brook
Muddy Brook

AME

Supply Pond
Bowers Fomnd
Holt Pond
Pennichuck Pond

Legend

E Residential lots <1/2 acre

H Residential lots 1/2-2 acres
_N_ Residential lots > 2 acres

_H_ Planned Unit Development
@ Commercial

[7] Industrial

_H_ Agriculture and Business

_H_ Residential and Agricultural
D Recreational

~ Watershed Bound ary

Map hased an data from NRPC




6.0 Existing Protection

Measures

and/or watershed protection. Each
town within the Pennichuck
watershed has specific overlay
digtricts that provide additional
protection for critical areas and/or
resources within their towns. Where
land in the watershed falls under
these overlay districts, the protection
may be increased.

Septic Systems

Septic systems are potentia pollution
threats, but if maintained properly,
and set back from surface waters, the
risk is significantly reduced. Both
date and local septic system
regulations are written to ensure this
protection. Current septic system
regulations within al the towns do
not allow septic systemsin
inadequate soils. Some of the older
septic systems however, may be
ineffective, particularly for
commercid / industrial use or in
densely populated or shoreline aress.

The NH Code of Adminitrative
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.

1 Amherst, Milford, and Hollis all
require approva of the NH
Water Supply and Pollution
Control for any proposed septic
system.

(d Merrimack’s zoning ordinance
states that all septic systems must
be placed on the least severe
soilson the lot. Also, septic
systems cannot be located less
than 20' from any property line.

(d Withinitsresdentid digtricts,
Milford requires larger minimum
lot sizes where there is no access
to public sewer. Lot sizes are
aso required to be larger where
there are more severe soils.
There are additiona regulations
regarding setbacks to the town
wells, however, there are no
additional setback requirements
for other bodies of water.

(A The Town of Hallis does not
alow the placement of septic
systems within 75" of the edge of
apublic body of
water or from a

well. They aso
require that soils
are adequate to
handle individud
septic systems.

[ Nashuahasa buffer.

The undeveloped land
surrounding the water
supply provides a natural

minimum lot Sze
requirement of 40,000 square
feet where individual septic
systems are proposed.

6.2 Town Wide Land
Use Controls

The zoning and subdivison
regulations of each city/town were
reviewed to determine the amount of
protection provided through each of
the cities/towns that make up the
watershed. A review of the land use
and zoning maps (Figures 2-2 and 6-
1 respectively) reveds that much of
the watershed is currently vacant or
residentially developed (>2 acre lots)
and/or zoned land. In addition, much
of the land surrounding the water
supply is owned and protected by
Pennichuck Water Works, providing
anatural buffer between the water
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Measures

supply source and the devel oped
areas of the watershed. However, a
review of the zoning map reveals that
considerably more dense
development could be alowed
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

Ambherst requires that all
drainage must be carried
to existing watercourses.

to poor water
quality.

[ In Merrimack,
roughly 43%

of theland
abutting the water supply is
resdential >2 acre lots, 36% is
zoned industria, and 21% is
zoned commercial.

(d In Nashua, 47% of theland
abutting the ponds and streamsis
zoned residential 1/2 - 2 acre
lots, 11% is zoned residential
<1/2 acrelots, 36% iszoned
industriad, and 6% is zoned
commercial.

(d InHodllis, the land directly
abutting the ponds are zoned as
recreation, the lands surrounding
the streams are zoned residential
and agriculture or residertia > 2
acrelots.

(d A smal portion of Witches
Spring Brook travels through an
industrial zoned area of Amherst.
Stump Pond and its tributaries
are surrounded by residentialy
zoned areas > 2 acre lots.

[ Thereis one stream within
Milford that travelsto the water
supply. The land surrounding it
is zoned residential 1/2 to 2 acre
lots and is sparsely populated at
thistime.

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

Amherst

Amherst divides its zoning bylaws
into 13 types; Aquifer Conservation
Didtrict, Commercial Zone, Flood
Plain Conservation Digtrict, General
Office, Historic District, Industria
Zone, Limited Commercia Zone,
Northern Rura Zone, Northern
Trangitional Zone, Planned Office
Development, Residential/Rura
Zone, Wetland Conservation Didtrict,
and Watershed Protection District.
The land within the Pennichuck
watershed is zoned as
Residential/Rural, Industrial, and
Commercidl.

Subdivision Requlations

(d Any new development requires a
review of the impact on the
environment and water supply.

(d Any proposed septic system
requires the approva of the NH
Water Supply and Pollution
Control.

(d Alteration of any natura man
made water course requires the
approva of the NH Special
Board or Zoning Board of
Adjustment.

(d Open space may be required in
the residentially zoned areas of
town. There is aprovison within
the subdivision regulations that
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Table 6-1
Zoning Designations

Zone Percent of | Level of Protection

Watershed
Residential - > 2 acre lots 30 | Less dense residential lots provide less impervious
areas for runoff to flow over. Of the three residential
zones, this one is most preferable.

Residential - 1/2 - 2 acre 6.4 | Residential zoning is preferable over industrial and

lots commercial due to the amount of impervious area
provided. The less dense the lots, the better the
protection.

Residential - < 1/2 acre 3.1 | Both dense residential and planned unit development

lots areas have a greater amount of imperviousness than

Planned Unit 1 | other residentially zoned areas. Since there is

Development relatively little dense residential zoned areas in the
watershed, these not pose a significant threat at
present.

Recreation 2.4 | 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.

Residential/Agriculture 31.5 | 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.

Agriculture/Business 0.1 | This land probably does not pose a significant threat
because there is so little of it in the watershed. The
zone 1s located in Hollis, on the border of Amherst. As
it is not located adjacent to any streams the level of
protection is good.

Commercial 3.2 | 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.

Industrial 18
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states that if the Board deemsiit
essentid, afina 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.

(1 Excavation of soilsis alowed
with a permit in any district
except the Historic Digtrict and
the Wetlands Conservation
Digtrict.

(d Specia Exceptionsto the
regulations are permitted as long
as the proposed use will not
adversely affect the groundwater
of Amhers, particularly in the
Aquifer Conservation District.
Uses permitted by special
exception include religious,
nursing homes, elderly housing,
multi-unit housing, private
schools, hospitds, autside
storage of equipment and
materials, outside recreation,
professional offices, funeral
homes, sawmills and kennels.

(d All land to be subdivided must
be adequate for building without
endangering the public hedlth,
safety or the environment.

(d Land subject to flooding, poor
drainage, or other hazardous
conditions cannot ordinarily be
subdivided.

(d Land inadequate for sanitary
sewage disposal cannot be
subdivided.

(d The preservation and protection
of existing natural features
should be given due regard.

(d Planned residential developments
alow for somewhat denser
devel opment than would
otherwise be alowed. Open
space is encouraged, at least 40%

of the tract is required for open
space.

(d Mobile homesarealowedindll
residentially zoned aress.

(1 A “right to farm” ordinanceis
included to protect farms and
farming. Farming is permitted in
al residentialy zoned areas.

(d Non-Residential Site Plan
Reviews require adequate
provisions for environmenta
factors such as pollution, odor,
noise, and the protection of
natural features. Adequate
provisions for solid waste and
wastewater disposal are aso
required.

Zoning Bylaws / Protection
Districts

Hoodplain Protection Didtrict
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
areas.

Wetland Regulations: 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 occurring wetlands
which would contribute to the
pollution of surface or ground

waters; and to prevent the destruction
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of natural wetlands which 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 awetland.

Water Pollution Control 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

Hollis requires that all new
subdivisions have

provisions for

sedimentation and erosion

control.

are allowed
without prior
approval from
the town, and the
NH Water
Pollution Control
Commission.
Procedures for

test pits, perc
tedts, filling, ingtdlation and other
specific requirements are included in
these regulations, which are stricter
than state regulations.

Watershed Protection Digtrict: This
digtrict 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 alowed to be
constructed within the watershed
protection digtrict.

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

Hollis

Hollis divides its zoning bylaws into
11 different digtricts, the Agricultura
and Business Zone, Flood Plain,
Historica Center Zone, Industria
Zone, Mobile Home Zone,
Recreationa Zone, Residentia and
Agriculturd, Rurd Lands Zone,
Trailer (Mobile Home) Park Zone,
Water Supply Conservation Area,
and Wetland Conservation Aress.

The land in the Pennichuck
watershed is zoned as Rural Lands,
Residential and Agriculturd,
Agricultura and Business, and
Recreational.
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Subdivision Reqgulations

(1 All subdivisonsrequire a Site
Pan Approval with provisons
for erosion and sedimentation
control.

(d Drainage must be carried to
existing watercourses.

(d Open Space and Planned
Development isincluded to
provide for amore 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, vauable
wildlife habitats, and natural and
historic features.

[d Soils must be adequate to handle
individual septic systems.

(1 Excavation is prohibited within
the water supply conservation,
agriculture and business,
recreational, historical, trailer
park and mobile home digtricts.
Excavation is aso 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.

(d 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
devel opment, condominiums,
and home occupations.

(d Any development for the elderly
must be within one mile of the
Town Monument.

(d Land aong Silver Lake Road and
Amesroad is zoned Agriculture
and Business. Buildingsin the

commercia areas used for
commercia purposes shall
occupy no more than 50% of the
lot upon which they are located.
Twenty percent of the total lot
areamust be landscaped open
space. No outdoor storage of any
material shall be permitted,
except within enclosed
containers and/or visualy
screened areas.

(A recreationa zone exists within
600" of the shores of Silver Lake,
Pennichuck Pond, and Rocky
Pond. This zoneis

intended to allow

residential and . oL
recregtional Hollis subdivision
development around regulations call for

local bodies of water
while protecting water

quality and the existing watercourses.

stormwater to be carried to

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 within this
district.

Zoning Bylaws / Protection
Districts

Open Space: Buildingsin the
industrid and commercially zoned
districts cannot occupy more than
50% of the lot they are located on.
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Floodplain Protection Digtrict
Assurance must be provided to the
Building inspector that water and
sewer systems are designed to
minimize or iminate infiltration 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 ateration or relocation of
awatercourse, 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
construction, substantia
improvements, or other development
are alowed within the floodway that
would result in any increase in flood
discharge.

Industrid: Prohibited usesin the
Industrial Zoned ditricts include:
abattoir operations, any use which
consumes large quantities of water or
which requires special waste
treatment; cremation; electroplating;
industrid fermentation; kiln firing or
drying of materials other than wood;
leather tanning or processing;
manufacture, compounding, 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
chemicas, smdting or melting of

metals and ores; synthesis or
blending of artificid or natura
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 asnot to
pollute the surrounding water table or
surface runoff.

Wetlands: Structures and fill

activities are prohibited in wetland
areas. No septic tanks or leach fields
are to be located within 75' of a
wetland boundary. No residential,
commercia, 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 alowed within 150
of awetland or other standing water.

Aquifer Protection Zone: Thisisan
overlay intended to protect, preserve,
and maintain existing and potential
ground water supply and ground
water recharge areas. Prohibited uses
indude the handling, treatment,
storage, and disposal of hazardous
wastes; subsurface storage of
petroleum; disposa of solid waste or
liquid or leachate wastes; storage of
road sdts; dumping of snow;
commercia animal feedlots;
excavation of sand or gravel; auto
repair shops or junk yards.
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Merrimack

Merrimack dividesitsland into 12
zones, Residentiad District, Limited
Commercial Didtrict, Generd
Commercia Didtrict, Industrial
Digtrict (3 types), Wetland
Conservation District, Flood Hazard
Conservation District, Elderly
Zoning District, Planned Residential
Digtrict, Aquifer Conservation
Didtrict, and the Shoreland Protection
District.

Within the Pennichuck watershed,
Merrimack is divided into
Commercid, Residential, and
Industrial Districts.

Subdivision Reqgulations

(d A Site Plan Review isrequired
for al developments other than a
single resdentia dwelling.

(d Cluster Residentia
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 al dwellings within this
zone. Provisions are included
that require the protection of the
environment from factors such as
pollution, noise, and odor.

(d Mobile home parks are dlowed
in any residentialy zoned
district.

(1 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 Daniél
Webster Highway and Baboosic
Lake Road east of the turnpike.
Public water and sewer must
serve dwelling units.

Planned Residential

Developments are intended to

dlow higher dengity

housing in

areas where public water and

sewer are available

. Provisions

areincluded for environmentd

factors such as
pollution,

noise, odor and
the protection
of naturd land
features. No
septic systems
aredlowed in
these didtricts.
Underground
storage tanks
are prohibited

Merrimack requires
stormwater from closed
pipe structures to flow
along a grassed swale
before discharging to a
wetland or water body.

in al areas unless sutable
secondary barriers and automatic
adlarm systems are provided.

Excavation is permi

tted pursuant

to Chapter 155-E Sections 1-11

inclusive of the NH
Statutes Annotated.
Proposed individua

Revisd

septic

systems require approva from
the NH Water Supply and
Pollution Control Commission.
Septic systems must be located

more than 20" from

the property

line and placed on the least
severe soil on thelot.

Closed storm drainage systems
with an outfal into awetland or
water body are required to flow
along agrassed swale prior to

outfdl.

Page 6-9 Pennichuck Water Works Watershed Management Plan



6.0 Existing Protection

Measures

Zoning Bylaws / Protection
Districts

Shoreland Protection Didtrict: This
digtrict includes dll land located
within 250" of the reference line of
surface waters including but not
limited to Bowers Pond, Holts Pond,
Harris 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, the
developer is responsible
for paying for all
downstream drainage
Improvements necessary
for handling the additional
flow of the drainage from a
subdivision.

chemicals, sand
and gravel
excavations,; and
snow dumps.

Where existing,
natural woodland
buffers must
reman within 150
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
sguare feet requires a permit from the
NH DES. New lots with on-site
water or sewage must have a
minimum frontage of 150" from the
shoreline whether or not thereisa
woodland buffer. No building shal
be located within 50 of the shoreline.
Impervious areas cannot exceed
20%. Agriculture uses are permitted
provided best management practices
are conformed to.

Aquifer Conservation Digtrict: The
purpose of this digtrict is to protect
and preserve the existing
groundwater supply and recharge
areas of the town. Industrial and
commercial uses are alowed
provided no on-site discharge occurs.
Prohibited uses include the disposal
of solid, liquid and leachable wastes,
USTswithin 1000' of an existing
municipa well; outside storage of
road salt; snow dumps, commercial
animd feed lots, mining of land; on-
site despoil or processing of
hazardous waste; auto repair shops or
junk yards; underground brush or
stump dumps; trucking and bus
terminals; airports; and car washes.
All subdivision proposads 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 eiminate leskage or
discharges from the system. The
Conservation Commission isaso
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.

Junkyards: New junkyards are
prohibited unless provision is made
for monitoring wells of surface and
subsurface groundwater for
hazardous waste and/or toxic
substances.

Wetland Conservation District: No
congtruction is alowed within the
district. Permitted uses include
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forestry; agriculture; water
impoundments; drainage ways,
conservation areas, parks; wildlife
refuges; open space; streets and
utility rights of ways if necessary.

Flood Hazard Conservation District:
Restrictionsin Zone A flood area
include prohibiting congtruction and
the use of fill that would cause any
increase in the base flood level. The
removal of soilsis prohibited. All
industrial chemicals or hazardous
materias 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 € evations
higher than the 500 year flood
devation.

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

Milford

Milford is divided into 7 didtricts
with 3 overlay districts. The seven
districts include Residence A,
Residence B, Residence R,
Commercid, Industrid, Limited
Commercial, Integrated
Commercid/Industrial District. The
overlay districts include the Aquifer
Protection District, the Wetland
Protection Didtrict, and the
FHoodplan Management District.
Land within the watershed in Milford
is Zoned as Residence A, and
Residence R.

Subdivision Regulations

(d All subdivison proposas will
undergo a planning board review
and require an environmental
impact statement.

(d A soil erosion and sedimentation
control plan is required for dl
site plans and subdivisions.

(d 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.

(d 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 areatwo
times the required size must be
reserved on each lot. Leachfields
must be set back 100" from any
water body.

(1 The alteration of any naturd or
man made water course requires
approva from the NH Specia
Board or Zoning Board of
Adjustment.

(A The board may require a park
(open space) before approval of a
planif it deems it necessary.

(d High Intensity Soil Maps are
required to be provided for
wetland, septic, or drainage
reasons.

(d A permit isrequired for the
removal of earth on any lot.

(d Mobile home parks are dlowed
where adequate water and sewer
facilities exist.
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Zoning Bylaws / Protection
Districts

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

Residentialy Zoned (A&B) - Uses
specificaly prohibited in the
residentialy zoned areas include
manufactured housing, solid waste
disposdl sites, junk yards, and
communication towers. Lots not
serviced by both

Milford requires that in the
Aquifer Protection District,
the onsite discharge of
stormwater be maximized
through leaching catching

municipa sewer
and water must
have aminimum
area of 40,000
square feet or
larger depending
on soil and dope
conditions.

basins, piping and

detention ponds.

Open Space -

Open spaceis

required except for
in sangle family and two family
dwellings. At least 30% of alot 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 residentia and/or
agricultural.

Cluster Open Space Developments -
The intent of these developmentsis
to promote the conservation of the
natural environment and the
development of community usesin
harmony with the natural features of

theland. These are permitted in
residentially zoned areas of the town.
Cluster developments must be
constructed on land at least 5 acresin
Szeif both municipal water and
sewer are available and on at least 20
acres of land if both municipa 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 dope of
land. At least 50% of the total tract
area must be reserved as common
open space.

Aaquifer Protection District - This
digtrict is provided to protect,
preserve and maintain the existing
and potentia groundwater supply and
groundwater recharge areas within
the town; to conserve the naturd
resources of the town; and to prevent
pollution of the environment. Many
uses are prohibited in this district
such as. disposal of solid waste;
disposa 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;
commercia anima feedlots; on-site
disposal or processing for recycling
of hazardous or toxic materials or
liquids, junk yards; filling Stations,
and tank farms storing petroleum
and/or toxic materials.

All subdivison and site plan
gpprovals 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 from
the system; on-site waste disposal
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systems are located so as to avoid
groundwater and environmental
contamination; streets, roads, etc are
constructed 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 fire and building departments. An
environmental impact statement may
be required and afire department
approved, hazardous material
contingency plan dealing with the
storage and handling of toxic
materials must also be devel oped.

Wetlands Conservation Didtrict - The

purpose of this district is to protect during periods of Milford requires an erosion
thewetlandsfs\nd thei_r buffer zones; floodin_g. Prior to th_e and sedimentation control
to reduce sedimentation of wetlands relocation or alteration of | f I bdivisi

and bodies of water; to aid in control awatercourse the plan tor all su IVISIONS.

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
alowed within 25’ of the edge of
wetlands. No construction within 50’
of ponds and watercourses.

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

sguare 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 Management Didtrict -
This digtrict is provided to minimize
losses due to flood conditions. All
proposed developments in this
district require a specia permit.
Sanitary sewer systems must be
designed to minimize or iminate
infiltration of flood waters into the
systems and discharges from the
system into floodwaters. On-site
waste disposa systems will be
located to avoid

impairment to them or

contamination from them

applicant must notify the
Wetlands Board of the NH DES and
the flood carrying capacity of the
atered course must remain equd to
the existing course. No new
construction, substantia
improvements or fill isalowed on
designated regulatory floodways.

Prior to development, gpplications
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 awaterfront location;
availability of aternate locations, and
safety of accessin times of flood. No
variance will beissued if thereisan
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increase in flood € evation due to the
development.

Nashua

Nashuais aso divided into many
digtricts, digtricts including Rura
Residence, A Suburban Residence, B
Suburban Residence, C Suburban
Residence, A Urban Residence, B
Urban Residence, C Urban
Residence, Local Business, Generd
Business, Central Business, Highway
Business, Park
Indudtrial, Generdl

Nashua can require
studies to determine the
effect the proposed
subdivision may have on
the surrounding

environment.

Industria, Airport
Industrial, Historic
Overlay, Planned
Residentia

Devel opment
Overlay, and
Mixed Use
Overlay.

Districtsincluded

in the Pennichuck
Watershed are Planned Residentid
Development, General Business,
Generd Indugtrid, Airport Industrid,
A Suburban Residential, B Suburban
Residential, and C Urban Residence.

Subdivision Regulations

(d The board may require studies to
determine the effect the proposed
subdivision may have on the
surrounding environment.

(d 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.

(d The NH Wetlands Board must
review and approve of plans

under the Site Plan Review
regulations.

(d Open space may be required by
the board in developments within
the residentially zoned districts.

(d  Septic systems: individud lots
must be 40,000 sg.ft. and at least
500 from an existing gravity
flow public sewer. Engineering
data on soils, dopes and depth to
bedrock, and perc rates are
required by the board of hedlth to
ensure that potentia pollution
effects will not negatively effect
the public hedlth.

(4 The board of health must
gpprove any subdivision plans
with regard to drainage, water
supply and sewage prior to
development.

(J Excavation requires a specia
permit in resdentia and
industrial areas and is prohibited
elsewhere.

Zoning Bylaws / Protection
Districts

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

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

Measures

amount of protected land in the
Mobile Homes. No disposal of watershed.
sawage or other discharge of liquid
waste is permitted unless piped The buildout analysisin Section 8
directly to the city sewer line. No dry shows four scenarios, two with
or chemical toilet is dlowed unless it conservation land maintained as
is sewer connected. forested or open land, and two with

conservation land alowed to develop
Junkyards: Junkyards are only into its zoning designations. Thereis
alowed in industrial areas with a not a significant difference in the
specia permit. pollutant load from those with

conservation and those without. This

i is because only the Pennichuck

6.3 Land Ownershlp owned lands were maintained as
Owning land for the purpose of conservation
conservation of natural resourcesis land in the
important to the protection of a water buildout .
supply because it prevents analysis, and Owning land for the
development that has the potentia to the quantity of ~ purpose of conservation of
decrease water quality. Section 7 landissmdl — nhatural resources is
contains a buildout scenario to show in comparison ) )
the effect complete development of towhat canbe  iMmportant to the protection
the watershed will have on the built out. A of a water 3upp|y because
Quality of the weter. Sonifica it prevents development
Pennichuck Water Works and the difference that has the potential to
local conservation commissions both would be i
own land within the watershed. The noted if the decrease water quality.
Society for the Protection of NH amount of
Forests owns land in some southern conservation land owned by
NH towns, but not within the Pennichuck Water Works or others
Pennichuck watershed. were larger. Although thereis not a

signficant difference in the

i phosphorus loadings from the
6.4 Pennichuck buildouts with and without
Water Works 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.

Pennichuck Water Works owns some
land surrounding Supply Pond,

Harris Pond, Bowers Pond, and Holts
Pond. Past use of Pennichuck’sland
holdings has been for the purpose of
water quality protection. Theland

has been maintained in its natura
vegetated state. Figure 6-2 shows the

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

1. Muddy Brook,

2. Pennichuck Brook to Holt's
Pond; Nashua, south of Rte
101A

3. Pennichuck Brook to Pennichuck
Pond

4. Pennichuck Brook to Holt’'s
Pond; Merrimack

5. Pennichuck Brook to Bowers
Pond; Nashua, south of Rte
101A

6. Boire Fidd Brook

7. Pennichuck Brook to Bowers
Pond; Merrimack

8. Pennichuck Brook
to Supply Pond

There is a significant level
of protection provided by

both the Pennichuck
owned lands and the

Note, however, that
there is an expected
negative impact on
water quality from

this development of
town-owned lands that are  currently preserved
located near the ponds. lands
6.5 Town
Ownership
The conservation commissionsin
each town were contacted to

determine if any additiona land was
owned within the watershed. As can
be seen in Figure 6-2, a Significant
amount of land is owned adjacent to
the chain ponds and their tributaries.
Town owned protected land provides
additiona protection to the
watershed.

Ambherst

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 isalist 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, Pennichuck 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 off Federa Hill Road
3.64 acres off Silver Lake Road
114 acres, Spading 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; Sternslot / Parker
Pond Brook

o 0 0 dJdooododooL 0 O0d Jod 00 do o dd
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6.0 Existing Protection

Measures

(d 1.06 acres off Farley Road

(1 8.63 acres surrounding Forest
View Drive

[ 4.5 acres between Forest View
and Federd Hill Drive

[ 11.7 acres North of Baxter Road

[d 7.5 acres off Nartoff Road

These lands provide significant

protection.

Merrimack

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.

(1 4.2 acreslocated at 2 Joey Road
is currently being used as open
space.

[ 0.45 acres on the corner of
Naticook Lane and Lorraine
Road, is currently undeveloped
land behind the fire station.

Milford

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

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:

[d Homeowners Associations,
53,846 acres (47%)

Private owners, 31,366 acres
(27%)

The City of Nashua, 19,655 acres
(17%)

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 (1.4%)

The State of NH, 179 acres (less
than 1%)

The Nashua Airport Authority,
161 acres (less than 1%)

oo J o0 0 o0 d

Thereisasgnificant level
of protection provided by

both the Pennichuck owned
lands and the town-owned
lands. Keeping these lands
undeveloped will minimize
the impacts of future
development significantly

To minimize the pollutant
loads, Pennichuck and the
towns must conserve the
existing lands.

as shown in Section 7.0. It

isin the best interest of the water
supply to keep these lands
undeveloped. The purchase of
additional lands will also increase the
levd of protection.

6.6 Other Protective
Measures

In addition 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 many
issues that need to be addressed in
the updated regulations such as:
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6.0 Existing Protection

Measures

1 Isa250 foot buffer sufficient?

(1 Should there be aregulation on
the amount of phosphorus
loading due to development?

(d Should poalicies on recreationd
uses of watershed land be
more/less strict?

1 Isaruleregarding 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.

1. No buildings where animals are
kept can be built within 75 feet
of these waters.

2. No wastewater, wash water, or
sewage can be dumped into these
bodies of water or within 75 feet
of these bodies of water.

3. No dead animals or food
scrapings can be thrown within
75 feet of these waters.

4. None of the above buildings or
waste can be built beyond 75 feet
of these waters if it is detrimental
to said waters.

5. No sawdust or other waste from
cutting timber can be thrown or
alowed to fall into these waters.

6. No matter, waste, or materials
mentioned above may be alowed
to remain upon the ice of these
waters.

7. No person shall bathe or swimin
said ponds or brook.

Proposed updates of these regulations
include:

(d Increasing the 75 foot buffer to
250 feet in al sections.

( Prohibiting the dumping of
hazardous waste and chemical
waste.

[ Prohibiting the application of
fertilizers within 250 fedt.

(d Monitoring the application of
pesticides.

(1 Prohibiting people from boating
or other recreationa activities on
Pennichuck Brook below Holt
dam, and disalowing boats or
other recreational devices using
motors powered by petroleum or
other chemical's on Pennichuck
Pond, Pennichuck Brook above
Holt dam, or on Witches Spring
Brook or itstributaries.

(d Prohibit the use of aircraft on
waters or ice.

Should these amendments be added
to Pennichuck’s Watershed
Regulations, they will provide
additiona protection to the supplies.
Further recommendations are
discussed in Section 8.
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7.0 Buffer Zones

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 of 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,
nutrients, 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 U.S.
(Heraty, 1993) only half of the
communities required that buffer

boundaries be clearly shown on
clearing/grading and sediment control
plans.

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

Figure 7.1: Schematic of a three-stage stream buffer

(= INNER CORE» | {—— mIDDLE cORE ——» §<{- OUTER CORE Cj»

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 settle 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 necessary
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% increase 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 they
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 reduce 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 the buffer
zone is probably the most critical
aspect of its proper operation and
effective removal of pollutants,
whether they are nutrients,
pathogens or pesticides. 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 because
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.

Effective Buffer Zones

1. Dense Vegetation

2. Flow is not channeled

3. Infiltration is high

4. Protection from encroachment
5. Annual Inspections

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 effective.

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 infiltration and
pollutant removal is found in

soils with high organic

content and a layer of forest

duff on the surface.

not reported to be as
high as for forested

buffers.

2. Flow is not
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.

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 of forest duff on the
surface. Forest duff has been
found to be one of the most
significant factors in the
effectiveness of forest 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 of
wild microorganism activity
provides many microorganisms
that will prey on pathogenic
organisms introduced by runoff.
This may reduce the longevity of
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 of 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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cases these areas may not be
suitable for buffer zones.

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:

o Fencing. 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
other livestock must cross a

Factors in Preventing

Encroachment
1. Fencing
2. Signage
3. Buffer Mapping
4. Public Education

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. 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 Mapping. 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
importance to other agencies.

BUFFER ZONE
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) if you see human or

livestock activity in this buffer.
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e Public Education. Whether importance of maintaining it
Pennichuck Water Works as is.
owns the buffer zone, or has a
conservation easement of 5. Annual Inspections. The final
some form, information component of a good buffer is
should be provided to the periodic inspections. The
adjacent landowners. This encroachment discussed above is
information should include particularly problematic, and
the restrictions on the buffer should be inspected on an annual
zone as well as the basis.
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Table 7-1. Comparison of Required Setbacks

Recommended Buffer

Author Article Related Activity Width (feet)
Any activity which causes land movement,

Town of Scituate, construction, or any type of discharge is

MA Code of Bylaws, Zoning prohibited 150

NH Rivers Management and

State of NH Protection 483:9 Land application of solid waste is prohibited 250

Pennichuck Water|Existing Watershed No fertilizers, compost, or other organic

Works Regulations debris allowed within the buffer 250

Town of Ambherst, Any activity which would result in the

NH Zoning Ordinance deterioration of water quality is prohibited 100

Town of Hollis,

NH Zoning Ordinance Septic tanks or leach fields prohibited 150

Commonwealth Pollutants (manure, fertilizers, pesticides and | 400 to reservoir, 200

of MA 350 CMR 11.00 herbicides included) are prohibited to tributaries

Town of

Southborough,

MA Zoning By-Laws Sewage disposal is prohibited 500
Buffer recommended for 80% removal of

State of RI Coastal Buffer Implementation |pollutants 75
Buffer recommended for 90% removal of

State of RI Coastal Buffer Implementation |pollutants 200

Kimball, Joan
Channing

Riverways Community Guide

Land must remain in its natural state within
these buffers

sediment-160; nutrient
300; pesticide- 80 to
300; pathogens-2700

Schueler, Thomas

Controlling Urban Runoff

Land must remain in its natural state within
these buffers

100-300

Schueler, Thomas

The Architecture of Urban
Stream Buffers

Land must remain in its natural state within
these buffers

minimum 100

NC Cooperative

Recommended setback is for fields receiving

Extension Senate Bill 1217 swine manure 50
100 (increased if the
Protecting Water Supply Fact water supply is
NC Farm A Syst |Sheet Recommended setback is for animal waste downgradient of waste
NC Cooperative |Protecting Water Supply
Extension Service [ Springs Recommended setback is for animals 100
Prevention, Collection and
Treatment of Concentrated Filter area required to treat barnyard runoff on
Wright, Peter Pollution Sources on Farms a slope of 6% 165-230
Commonwealth [MGL ¢.92S.107A(b) Surface 400 of water body
of MA Water Protection Alterations to land or buildings 200 of tributary

Note: Not all municipalities in Massachusetts and New Hampshire were reviewed.

Pennichuck Water Works Watershed Management Plan



Table 7-2. Summary of Various Filter Strip Studies

Region / Vegetated |Type of Soil
Reference [State Study Area Vegetation Type Slope |Results
Up to 96% reduction in nitrate, 88% reduction in
Land area treated by swine fescue grass seeded phosphorus and 80% reduction in sediment, 0%
Chaubey, 1994 |Arkansas manure 1.5mx24m |at 500 kg/ha silt loam 3% |reduction in bacteria.
Poultry litter tested for fecal planted tall fescue |Maury silt
Coyne, 1995 Kentucky coliform 4.6m x 9m and bluegrass loam 9% |Area not sufficient for bacterial removal.
1.5 m was the minimum width required for nitrate
Dairy manure applied at 90 removal, 4.0 meters was the minimum required for
mT/ha with buffer strips up sufficient ammonia, sulfate, and potassium
to 4 m wide on the Chester silt removal. Fecal was only reduced by up to 18% in
Doyle, 1977 Maryland downslope edge 7mx 4.9 m tall fescue loam 10% |these studies.
A paved feedlot with two
consecutive strips and
settling basin 1/6 the size of]
Edwards, 1983 |Ohio the feedlot 4.5x30m fescue grass ~ 2%|Total system removed 81-89% of pollutants.
red fescue, tall
fescue, bluegrass, |Massena
Schellinger, 1994 Vermont Bacterial reduction 7.6x22.9m ryegrass silt loam 2%]|Fecal was reduced by approximately 30%.
native grasses
mostly bromegrass, |Canisteo
For herbicide reduction and bluegrass, and silty clay Retention ranged from 8-100% for herbicides and
Arora, 1995 lIowa sediment reduction 1.5x20.12m |fescue loam 3%/040-100% for sediment.
Cropland runoff treated
with swine manure applied
at a rate of 45,000 I/ha/yr,
filter strip elongated bowl Study demonstrated that filter strips are effective in
Aull, 1980 Michigan shape 0.2 ha not identified sandy loam| 1.80% |more than just strips.
Iowa State
Agroforestry
Research Team, native trees and Cost was rougly $65/ha and reduced all levels of
1994 Iowa Pasture lands and cornfields|7.5 m wide strip |switchgrass ~ ~ pollutants below those in the control area.
Application of liquid N at Effectiveness was highly dependent on the
112 kgN/ha and application condition of the filter itself with the most removal
of poultry litter at 8.9 m- occurring at the interface of the source area and the
Magette, 1986 |Maryland T/ha 5.5mx 22m fescue grass sandy loam|3-5% filter. Efficiency of strips decreased over time.
A 9.2 m strip was more effective than a 4.6 m strip.
Magette, 1989 |Maryland Repeated study above 5.5mx 22m fescue grass sandy loam|3-5% Reductions were less than 50% for nutrients.
3Im x 36.6m;
18.2 m acted as |bromegrass, alfalfa, |Fayette silt Sediment retention of 70% within the first 3m,
Robinson, 1996 |lowa Sediment reduction filter strip orchardgrass loam 7%, 12% |reduction past 9m very small.
Researchers concluded that standardizing site
requirements and careful monitoring of installation
33 farms in VA were 94% dominated by and use would increase the successful application
Dillaha, 1986 | Virginia studied varied fescue grass varied varied  |of filter strips.
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Table 7-2. Summary of Various Filter Strip Studies

Region / Vegetated |Type of Soil
Reference [State Study Area Vegetation Type Slope |Results
Micro-targeting reduced sediment by 31% at $30
per ton; filter strips reduced sediment by 26% at
A comparison of the $91 per ton, however, adding administrative and
physical and economic implementation costs led filter strips to be more
impacts of filter strips and cost effective. Farmers are also more willing to givej
microtargeting (setting up land at the edge of a field than the middle, as is
Pritchard, 1993 |Indiana aside highly erodible land) ~ native trees silt loam  [0-6% sometimes required in the micro-targeting program.
Determine the effect of reed canary grass,
lengths of filter strips in redtop, and tall Cecil clay Background runoff concentrations can be achieved
Bingham, 1980 |North Carolina |improving water quality 12m x 13m fescue loam 6-8% with a buffer area to waste area ratio of 1:1.
Concentrations of nitrate and sediment did not
Poultry litter applied at a Captina silt decrease significantly past 3.1m, for TKN 9.2m,
Chaubey, 1993 |Arkansas rate of 5 kg/ha 1.5m x 24.4m |fescue grass loam 3%|and for phosphorus 6.7m.
Determine if filter strips
were a feasible alternative
treatment technique for reed canary grass,
feedlots. Runoff from a bromegrass, Filter strips reduced sediment, nutrients, and
Dickey, 1981 Illinois settling basin 12m x 91m orchardgrass ~ 0.50%]|oxygen demanding materials from runoff by 80%.
filter strip
Determine effectiveness of |lengths of 0, 4.6, Groseclose
Dillaha, 1985 | Virginia filters in feedlots and 9.1 m orchardgrass silt loam 5%1|9.1 m plots were more effective than 4.6m plots.
Determine the pollution fescue with 114 l/cow/day of wastewater was produced, an area
potential from a milkhouse [9.1m x 27.4m  [invading annuaals of 82 square meters of filter strip was required for
and feedlot operation and |and 9.1m x of crabgrass and Hosmer silf] each cow. A downslope length of 19.2m was
Paterson, 1977 [Illinois evaluate filter strip system |36.6m barnyard grass loam ~ required to effectively retain pollutants.
Effect of filter strip on red fescue, tall Massena Reduction in sediment concentrations were 45%,
Schwer, 1989  |Vermont commercial dairy 10.6m x 26m fescue, and rygrass |[silt loam 2% |phosphorus 78%, TKN 76%, and ammonia 2%.
Buffering capacity of corn plots and native plots
were effective when used together. Corn reduced
Determine the ability of nutrients up to 98%, orchardgrass up to 77% and
land and cropping practices corn, orchardgrass sorgham/sudangrass up to 82%. A 36m filter strip
as filter strips to absorb and Barnes was recommended for all vegetative types for this
Young, 1980 Minnesota pollutants from feedlots 4.1mx 27.4m |sorghum/sudangrass|loam soil 4%|310 head feedlot.
Cecil Overall reduction were: TSS (30-60%); TKN (35-
Determine removal sandy loam 60%); ammonia (20-50%); nitrate (50-90%);
efficiencies of grass filters; |6m, 13m, and to clay phosphorus (60%) and phosphate (50%). Most
Daniels, 1996  |North Carolina |runoff from corn field 18m wide strips [fescue grass loam 2-5% removal occurred within 7 m.
The 4.3m strip had 75% reduction, while the 8.5m
Compare effectiveness of |4m x 37mx (4.3 sandy clay strip had 85% reduction. It was also concluded that
field edge grass filter strips |and 8.5m in fescue, weed, and  |soil/ sandy [4-6% / |long term effectiveness is subject to precipitation
Parsons, 1990  |North Carolina |and riparian zones length) crabgrass loam 1% patterns.
native grasses
including
1.5m x 4.6m bromegrass, Canisteo
Effectiveness of filter strips |and 1.5m x bluegrass, and silty clay On no tillage plots, reduction averaged 35-60%,
Mickelson, 1993 |lowa on herbicides 9.1m fescue) loam 3-6% conventional tillage had 28-72% reduction.
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Table 7-3. Buffer Zone Calculation Methods

Chemicals, Runoff, and
Erosion from Agricultural

Abbreviation

Components

Hydrology, erosion, nutrient

Application

Outdated, GLEAMS is a more advanced version

Management Systems CREAMS and management of CREAMS.
Groundwater Loading Effects To determine nutrient and pesticide levels on
of Agricultural Management Hydrology, erosion, nutrient  |various farms and the amount of each leaving the
Systems GLEAMS and management farm.
Weather, hydrology, erosion,
nutrient cycling, pesticide fate,
soil temperature, tillage, crop |To determine the impacts that soil erosion on
Erosion/Productivity Impact growth, management and croplands has on water quality, and the adequacy
Calculator EPIC economics of different management practices.
Climate, infiltration, runoff, soil
erosion, soil moisture and
Water Erosion Prediction temperature, crop growth, plant [ Determination of the effectiveness of buffer and
Project WEPP residue and tillage filter strips and other agricultural BMPs.
Rainfall, runoff, soil erodibility,
(Revised) Universal Soil slope length, steepness, and Designed to estimate erosional load from
Loss Equation USLE / RUSLE cover management hilltops.
Climate, infiltration, runoff, soil
erosion, soil moisture and To determine hydrologic, sedimentation, and
Simulator for Water temperature, crop growth, plant [nutrient and pesticide transport in large
Resources in Rural Basins SWRRB residue and tillage watersheds.
Simulation of Production and Sediment yield, plant growth, |Rangeland management (will be of little use to
Utilization of Rangelands SPUR animal and economics MDC).
Areal Nonpoint Source
Watershed Environment Erosion and sediment control and water quality
Response Simulation ANSWERS Weather, flow erosion analysis associated with erosion.
Topography, hydrology,
Agricultural Nonpoint Source erosion and sediment transport, | Analysis of nonpoint source pollution from
Pollution Model AGNPS chemical transport agriculture.
Sedimentology by Design of sediment control structures on surface
Distributed Model Treatment |[SEDIMOT II Hydrology, sedimentation mined land (will be of no use to MDC).
On-farm management,
Nitrate Leaching and soil,climate, aquifer data, Used for groundwater quality (will be of little
Economic Analysis Package |NLEAP economic informatin use to MDC).
Support Technology of
Environmental, Water and
Agricultural Resource The selection, evaluation, siting, and design of
Decisions STEWART Hydrology, pollutant loads nonpoint source control systems.
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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 future 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
developed. 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
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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:

1. Scenario 1. Residential
without Conservation -
Buildout based on
zoning map with

residential

development in
Hollis (assumes
development of

A buildout analysis
identifies the increase in
pollutant loadings to the

Pennichuck- .
owned lands chain ponds under future
occurs). conditions.

2. Scenario 2.

Agricultural without
Conservation - Buildout
based on zoning map with
agricultural development in
Hollis (assumes development
of Pennichuck-owned land
occurs).

3. Scenario 3. Residential with
Conservation of Pennichuck
Lands - Buildout based on
zoning / conservation map
overlay with residential
development in Hollis.

4. Scenario 4. Agricultural with
Conservation of Pennichuck
Lands - Buildout based on
zoning/conservation map
overlay with agricultural
development in Hollis.




Section 8.0 Buildout Analysis

The percent contribution of
phosphorus loadings by subwatershed
for each of the four scenarios is
shown on Table 8-1. Subwatersheds
PBS and MBI are the greatest

each scenario is provided on Table 8-
2.

As shown on Table 8-2, a buildout
scenario using agricultural

Table 8-1. Percent Phosphorus Contribution

bwatershed for Buildout Conditions
Subwatershed Name Scenario 1. Scenario 2. Scenario 3. Scenario 4.
and Designation Residential Agricultural Residential Agricultural
without without with with
Conservation | Conservation | Conservation | Conservation
PBS. Pennichuck 19% 16% 19% 16%
Brook to Supply
Pond
PBB. Pennichuck 14% 11% 12% 10%
Brook to Bowers
Pond
PBH. Pennichuck 14% 11% 12% 10%
Brook to Holt’s Pond
PBP. Pennichuck 8% 7% 8% 7%
Brook to Pennichuck
Pond
WBE. Witches Brook 11% 8% 12% 8%
East
WBS. Witches Brook 8% 10% 9% 11%
South
WBN. Witches 4% 4% 5% 4%
Brook North
SPB. Stump Pond 6% 5% 6% 5%
Brook
BFB. Boire Field 8% 6% 7% 6%
Brook
MBI1. Muddy Brook 9% 22% 10% 22%
Table 8-2. Total Phosphorus Loadings from Buildout Scenarios
Buildout Scenario Total Phosphorus Loadings (Ibs/yr)
Scenario 1. Residential without Conservation 16,465
Scenario 2. Agricultural without Conservation 19,487
Scenario 3. Residential with Conservation 15,258
Scenario 4. Agricultural with Conservation 18,121

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
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
of the total phosphorus loadings for

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
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Pennichuck Water Works Watershed
Management Planning Study

Figure 8-—1. Buildout Scenario
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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 be 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
0f 0.059 mg/l in Harris Pond. This is
more than twice the in-pond goal of
0.025 mg/I1. Other ponds in the
watershed, such as Holts Pond, may
reach levels of 0.112 mg/1 under this
scenario, which is about four and one
half times higher than an in-pond goal
0f 0.025 mg/1.

Under the conservation scenarios, the
worst case in-pond concentration for
Harris Pond is expected to decrease
from 0.059 mg/l as identified above to
0.056 mg/1, which is about twice the

Page8- 3 Pennichuck Water Works Watershed Management Plan

in-pond goal. Nevertheless, the other
ponds in the watershed will still have
substantially higher phosphorus levels
ranging from 0.065 to 0.113 mg/l.

Table 8-3. centrations for Buildout Scenarios

Subwatershed Scenario 1. Scenario 2. Scenario 3. Scenario 4.
Residential Agricultural Residential Agricultural
without without with with
Conservation | Conservation | Conservation | Conservation
(mg/l) (mg/) (mg/l) (mg/)

Pond

Stump Pond 0.065 0.066 0.065 0.066

Pennichuck 0.069 0.113 0.067 0.109

Pond

Holts Pond 0.101 0.112 0.096 0.107

Bowers Pond 0.067 0.072 0.063 0.068

Harris Pond 0.057 0.059 0.054 0.056

Supply Pond 0.054 0.055 0.052 0.053

From a more realistic point of view, it
is unlikely that a large portion of the
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
expected to increase significantly
from existing conditions, but the
overall impacts in each of the ponds is

lower than that seen for agricultural
development.

All four scenarios
show high levels of
phosphorus in the

The above analysis does not show a

significant difference between the pon ds at buildout.
buildout scenarios with and without .

conservation lands. This is because Protective

the conservation lands in the meaqsures are
watershed are small in proportion to needed.

the areas that may be developed. If
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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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,
commercial, 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
commercial/industrial sites come up
for approval for substantial
modification.
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Section 9.0 Recommendations

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/Increased
Runoff/Stream 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.

Baseflow 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.
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The most easily measured factor in
evaluating the extent of 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 of
streets and parking.

Table 9-1
Top 10 Problems in Pennichuck Watershed

1. Loss of baseflow, increased stormwater runoff and stream

channel erosion result in declining water quality.

2. Future development is likely to increase these problems.

3. The Pennichuck ponds appear to be filling in rapidly, which

will further exacerbate water quality and quantity problems.

4. Transportation facilities in the watershed are widespread and

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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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.

Table 9-2. Pennichuck Watershed

Imperviousness
Subwatershed Imperviousness Subwatershed
Drainage Area
(in acres)
PBS 14% 1,285
PBB 29% 2,390
PBH 15% 1,508
PBP 5% 1,978
WBE 23% 1,365
WBS 5% 3,193
WBN 19% 1,425
SPB 17% 1,516
BFB 36% 1,006
MBI 6% 2,317
Total Acreage 17,983

Total Imperviousness =2728/17983=0.152=15.2%

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 fish
and other species as well as potential

increases in nuisance species and
aquatic vegetation.

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
imperviousness by subwatershed of
the Pennichuck watershed. Total
watershed imperviousness is
estimated at 15%. Schueler (1994)
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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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.

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

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

a presedimentation system

As time goes on, if imperviousness for the water supply.

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

As turbid, polluted storm
flows enter the system,
they are retained in the
ponds, providing a

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, pre-sedimentation facilities.
This provides very strong economic
incentive to improve the raw water

trapping effect for many

pollutants. Most of the
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

Roadway drainage may

result in the direct transport

of hazardous pollutants to
the water supply.

process exponentially. This can result

back into the water
column. This can
occur to the extent
that some ponds
actually produce a
phosphorus load
internally,
hastening the
eutrophication

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 of watershed

pollutants. This includes copper from

brake pad wear, zinc from wear and
tear of automobile tires, atmospheric

deposition of 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 exacerbates 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
waterway. 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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Problem 5: Agricultural
Impacts

In some limited parts of the upper
watershed, particularly in Hollis,
there remain large tracts of
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 of tributary streams for their
drinking water source, they may
present a hazard related to pathogenic
organisms. A number of pathogenic
organisms are produced by humans
and animals, and if feces enter
streams untreated, the pathogens must
be removed before the water can be
distributed. Unfortunately, some of
the most recently discovered
organisms, particularly
Cryptosporidium, 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
of water. It is highly resistant to
disinfection, and has escaped
conventional treatment systems when
they have become overloaded due to
the large number of organisms and
operational practice such as recycled
backwash. Even with every
precaution taken at the treatment end,
it is still critical to limit the number of
these organisms entering raw water
sources.
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Problem 6: Hot Spots

As described in Section 6.0, on
pollution sources, the watershed
contains a number of 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 of 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,
planning, public
works staff or
the engineering
community in
general. This is
largely because
many of the

Many fishermen lament the loss
of favorite trout streams — now
gone because trout can not
tolerate the higher stream
temperatures and pollutant
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

Most people in the
watershed are probably
not aware of the fact that

their everyday actions can

have a significant impact
on the environment and
water quality.

residents in
watershed
towns and in
general are
probably not
familiar with
many of the
concepts
discussed in
this report.
However, it is
likely that they
are familiar

with the degradation of the water
resources around them. For example,
many fishermen often 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 Control/Authority

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 finished 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
1dentified above, recommended
actions have been developed to
address each problem. For ease of
understanding, these are divided into
three categories: 1) prevention; 2)
remedial measures; and 3)
monitoring.
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Table 9-3 Methods to Reduce Future Imperviousness of

the Pennichuck Watershed

Require that post- Subdivisions and commercial/industrial developments should
development runoff be required to match post-development conditions to pre-
equals development conditions for runoff up to the ten-year storm.
predevelopment All water from a two-year storm should be infiltrated. Peaks
runoff should be attenuated and stored for slow release in larger than
ten-year storms (up to 100-year).
Minimization of e  Use angled parking and smaller spaces on one-way streets
Parking Lot Impacts and parking lots
e Reduce parking ratios required where possible
e  Use vertical parking structures in urban areas where
possible
e  Use permeable spillover parking where appropriate
e  Modify landscaping of parking lots to use permeable
dividers and street side buffer strips (See Figure 9-1)
Reduce e  Encourage cluster development wherever possible
Transportation e Use skinny streets to reduce roadway impacts
lmpaf:t§ Qf e  Use grass swales instead of curbs and gutters
Subdivisions e Use one-sided sidewalks or paths
e  Reduce cul-de-sac radii or use central cul-de-sac
permeable doughnuts (Figure 9-2)
Use Onsite e Roofleaders and sump pumps should be recharged onsite
Infiltration Wherever instead of conducted to the storm drain or sewage system
Possible e  Leave native vegetation between residential lots for
privacy and recharge
e  Leave stream buffers between residential developments
and streams
e When rezoning, use lowest density residential zoning
possible
Clearing/Grading e  Develop clearing and grading construction guidelines that
Plans minimize site disturbance and vegetation loss
e  Require grading and erosion control plans, and inspect
same during progress of construction
Landscaping e  Encourage the use of native species for landscaping
wherever possible
e Leave native vegetation in place as a buffer
e Use mulched areas for part of lawn
e  Minimize lawn size and increase native landscaped area
Other Onsite e  Connect roof leaders and sump pumps to recharge gravel
Recharge Methods e Recharge all onsite runoff wherever possible

Source: Adapted from Schueler, Fall 1994, Watershed Protection Techniques, V1, N3.
“The Importance of Imperviousness”

Prevention Measures

Prevention Method 1: Reduce
future imperviousness

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




Table 9-4. Buffer Zone Requirements

Planning 1.
Stage

|98}

Section 9.0 Recommendations

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.

Require buffer limits on all clearing/grading and erosion
control plans.

Record all buffer boundaries on official maps.

Clearly establish acceptable and unacceptable uses
Establish clear vegetation targets and rules for different
zones of the buffer.

Provide incentives for owners to protect buffers through
perpetual conservation easements rather than deed
restrictions.

Use level spreaders or other techniques as needed to prevent
channelized flow through the buffer.

Construction 1.
Stage

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 disturbance with a silt fence barrier, signs or
other methods to exclude construction equipment.
5. Inspect the buffer during construction to assure that
channelization is not occurring through the buffer.
Post- 1. Mark buffer boundaries with permanent signs or fences
Development describing allowable uses.
Stage 2. Educate property owners or homeowner associations on the
purpose, limits and allowable uses of the buffer.
3. Conduct periodic walkthroughs to inspect the condition of
the buffer network.
4. Reforest grass or lawn buffers.

Source: Adapted from

Schueler, Technical Note 7, Watershed Protection

Techniques, VINI, Feb. 1994.

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 Commissions 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-
development 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 of leaving the site.
Model bylaws geared towards water
supply protection are included in
Appendix H.

Prevention Method 2: Buffer
ones

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.

Prevention Method 3: Minimize
Transportation Impacts

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

e  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 101 A, with
a high level of success and good
results.

Figure 9-1. Commercial Parking Lot Using Infiltration Methods.
Adapted from Schuler, 1994.

e  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
be 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 of
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
widths than are typically allowed
by Public Works Departments.

Prevention Method 4:

Education

There are a number of education
1ssues 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.

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 of their knowledge
and asking questions that will
impart information even if the
survey questionnaire is never
returned.
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2. 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.

3. 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
infiltration technologies and
methods described above are
lower cost than conventional
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.

4. 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 Method 5: Modify
Watershed Regulations

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, cooperative
agreements should be used instead.

Remedial 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. These remedial
measures have been developed based
on specific problem areas identified in
Section 9.1 Findings.

Remedial Measure 1: Dredging
of the 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.

1. 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 determine whether bottom
conditions are anaerobic.

2. Calculate total sediment depth
and cubic yardage for potential
removal.

3. Identify method of dredging and
methods for dewatering dredged
spoil materials or re-routing water
during dry excavation.

4. 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.

5. 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.

Remedial Measure 2: Infiltration
Controls at Specific 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
the least imperviousness, which
include Witches Brook South (WBS)
at 5% impervious and the Muddy
Brook subwatershed (MB-1) 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 Pennichuck 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.

Remedial Measure 3:
Hazardous Waste 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 often 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.

Remedial Measure 4: Hot Spots

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

Table 9-4

Remedial Measures Priority Subwatersheds

Rank Designation | Name Location Impervious

1 BFB Boire Field | Nashua 36%
Brook

2 PBB Pennichuck | Merrimack 29%
Brook to & Nashua
Bowers
Pond

3 WBE Witches Amberst/ 23%
Brook East | Hollis

4 WBN Witches Ambherst/ 19%
Brook Milford
North

5 SPB Stump Amherst/ 17%
Pond Merrimack
Brook

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 defined
as “underground sources of drinking
water”. Some of the recommended
pollution prevention practices

Table 9-5

Recommended Practices to Prevent Stormwater

Poll

tion from Service Stations/Auto Repair Areas

1 Prevent discharges when changing automotive fluids

2 Use drip pans when working on engines

3 Use special care to prevent leaks from wrecked vehicles

4 Quickly cleanup spills of all sizes

5 Keep wastes from entering floor drains and storm drains

6 Use concrete surfaces and roofing over fueling areas to
prevent spilled fuel from contact with stormwater

7 Properly store and recycle used batteries

8 Clean parts without using liquid solvents (or use solvent
recyclers)

9 Capture all metal particles during grinding and finishing
operations

10 | Properly store and recycle waste oil, antifreeze and other
automotive fluids

11 | Select “environmentally friendly” products and control
inventory to reduce wastes

12 | Keep all working areas inside and away from stormwater

13 | Treat all liquid streams from car washing and engine
cleaning

14 | Train employees on pollution prevention activities for the
shop

15 | Educate customers on proper recycling and/or disposal of

automotive products

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

Monitoring

Monitoring Technigue 1:
Measure Stream Channels and
Imperviousness Annually

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.

Monitoring Technigue 2:
Periodic Sediment Depth
Mappin

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.

Monitoring Technigue 3:
Stormwater Monitoring of
Demonstration 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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recommended for analysis are
provided below:

Monitoring Technigue 4:
Intensive One Year Monitoring

Program

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
stratify 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

[J Ammonia nitrogen - This is the
nitrogen form most readily used
by aquatic plants. Nitrogen may
contribute to excess 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
mg/l may be used for ammonia
nitrogen analysis.

[l 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.

[J 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.

[J 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.

[l pH* - A field probe may be used
for measurement. Over-
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Section 9.0 Recommendations

productive reservoirs or ponds
may see fluctuations in pH as
vegetation photosynthesize and
respire.

U 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.

[J Temperature* - 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 be 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.

[1 Total Kjeldahl nitrogen (TKN) - A
method detection limit of 0.20
mg/l 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/1
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.

U 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.

*4Analyzing the chain ponds at these
depths for the parameters indicated
above with an asterik (*), will help
establish whether there is a
phosphorus loading from 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 as 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:

0 Total Phosphorus
0 Nitrogen (TKN)

0 Heavy metals including lead,
copper, zinc, chromium and
cadmium

Chloride

Total Suspended Solids

Volatile Suspended Solids

Oil and grease

Conductivity

pH

Total Coliform

Fecal Coliform

OooooOooooOonO

The procedure for collecting
stormwater samples should be as
follows:

1. Teams of two people will be on
site at least 30 minutes before rain
starts. All team members should
wear zinc free gloves to prevent
sample contamination.

2. Sampling will begin when the
flow of water starts

(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:

e Time

e Flow rate

e Depth of water in pipe
e Diameter of pipe

5. 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 04039-1208)
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.

Late summer (July/August) sampling
is recommended to provide a worst
case event, preferably after a week
long dry period so contaminants are
built up on surfaces.
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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.

Monitoring Technigue 5: Follow-

up Monitoring

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.

Page 9- 18 Pennichuck Water Works Watershed Management Plan



Appendix A
Soil Map and Legend



Watershed Management Planning
Study :

Soils Map

Comprehensive Environmental Inc.




Legend

i
a
'

Canton very stony fine sandy loam, 8-18% slopes
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Appendix B
Historical Sampling Data and Location Map



Fecal Coliform Data 1991

= 3 = %
Tl E | < | 2| B E| 2| F| B
Sl 2| ElEl S| 2| g | 5| %
s | E| 2| S| 2| E| 2| E| |
oo < 1 =] =} = = Hel E )
& T /M T < 2 = = R Z
17-Jan 0 7
23-Jan 1 3
30-Jan 0 2
12-Feb 0 5
12-Mar 1 1
18-Mar 2 0
26-Mar tntc 0 1 3 0 3 6 5 1 6
9-Apr 97.00 0.00 0.00 33.00 20.00 0.00 4.00 29.00 4.00
16-Apr tntc 0 5 24 22 2 15 17 2 6
25-Apr tntc 4 5 33 17 2 6 21 tntc 2
1-May tntc 1 4 tntc tntc 1 157 tntc 46 49
8-May 260 4 4 60 60 3 <10 20 78 8
13-May 305 0 3 30 60 0 <10 40 60 8
20-May 400 0 0 0 40 0 8 100 22 14
25-Jun 600 12 2 14 38 3 92 98 2 18
2-Jul 530 89 5 179 517 53 tntc 207 40 tntc
9-Jul 70 2 17 100 34 20 120 7 30
16-Jul 110 2 tntc tntc 300 tntc 100 100 tntc 30
18-Jul <10 <10 8
24-Jul 10 1 0 25 40 16 20 100 7 90
30-Jul 0 1 9 4 40 0 10 700 5 20
6-Aug 22 0 0 13 20 0 87 800 40 80
13-Aug 210 1 1 17 <10 8 40 210 140
21-Aug 25 43 >200 >200 82 160 200 10 113
28-Aug 760 1 6 30 20 0 26 40 <10 230
5-Sep 300 1 0 10 20 3 252 200 4 100
10-Sep <100 <1 <1 6 28 <1 <100 100 8 100
24-Sep <100 <1 9 20 36 14 <100 200 84 300
9-Oct 200 10 10 24 158 3 70 100 <1 <100
21-Oct 90 <1 1 26 <10 <1 <10 10 <10
29-Oct <1 11 6
4-Nov 14 1 <1 26 10 1 <10 22 2
13-Nov
18-Nov 1 66 14 6 3 6 <1 <1 8
2-Dec 4 4 4 12 8 14 6
19-Dec <1 1
Average 268.5 4.9 27.1 69.7 87.8 22.2 70.3 151.7 57.7 75.8




Fecal Coliform Data 1992

= = ?:?: = 5 § = =
£ 5 = 2 g < 4 g g
~ = 5 % S g a %
s | E| 2| S| 2| E| 2| | E| G
oo < 1 =] =} = = Hel E )
& T /M T < 2 = = R Z
7-Jan 1 <1
14-Jan 1 <1
22-Jan <1 <1
28-Jan <1 <1
5-Feb <1 <1
11-Feb <1 <1
19-Feb <1 <1
26-Feb <1 <1
3-Mar <1 <1
10-Mar <1
18-Mar <1 <1
25-Mar <1 <1
1-Apr 2 <1
8-Apr <1 <1
15-Apr <1 <1
22-Apr <1 <1
29-Apr <1 <1
13-May <1 <1
27-May 2 3 6 8 12 2 88 2 10 14
2-Jun 3700 tntc <1 <1 <1 tntc <1 tntc <1 <1
9-Jun 1700 13 48 104 88 9 100 72 48 4
16-Jun <1 <1 4 tntc tntc 24 76 156 20 16
23-Jun 100 26 4 24 24 2 120 176 4 12
30-Jun <1 1 4 4 68 2 <1 108 4 12
7-Jul 80 <1 22 3 54 2 28 52 13 13
14-Jul 20 <1 5 1 24 1 20 64 7 54
21-Jul 820 11 1 tntc tntc tntc tntc 64 81 48
28-Jul <1 <1 10 4 10 <1 <1 76 <1 24
4-Aug 40 1 4 2 10 2 40 20 10 184
11-Aug <1 4 2 tntc 5 40 76 20 10
18-Aug 60 5 32 30 320 13 280 910 4 40
25-Aug 800 <1 5 18 50 <1 <100 200 63 4
1-Sep 60 12 3 6 20 3 140 100 28 22
8-Sep 20 1 9 1 30 1 30 30 4 228
16-Sep 1 1 1 42 <1
22-Sep 20 <1 <1 14 20 2 34 30
6-Oct 6 1 <1 3 4 <1 <1 6 23 <10
13-Oct 80 <1 3 18 30 3 24 82 11 6
Average 417.1 15.6 8.3 65.4 119.2 28.2 81 143.4 20.6 36.8




Fecal Coliform Data 1993

- 3 » %
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S = g z o & a S S
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25-May 18 <1 <1 54 20 <1 80 18 28 30
2-Jun 52 1 0 53 34 8 111 6 67 17
8-Jun 11 <1 <1 <1 6 <1 5 3 <1 5
16-Jun 77 1 18 36 11 39 79 20 24
23-Jun 24 26 0 1 40 1 13 44 0 37
30-Jun 0 0 0 0 0 0 1 0 0 0
8-Jul 2 21 o[  >200] >200 33 93 115 59 >200
15-Jul 0 0 0 0 0 0 0 0 0 0
21-Jul 15 64 35 64 182 1| >200 123 >200] >200
28-Jul 68/62 3 1 32[ >200 3] >200]  >200]  >200]  >200
29-Jul|  200/500
30-Jul|  144/82
3-Aug| 500/180
4-Aug| 200/400]  >200]  >200 12 >200]  >200] >200] >200] >200] >200
5-Aug| 290/300
6-Aug| 120/100
9-Aug 100
10-Aug 20 30 10 10 <100 10 390 60 540 620
11-Aug 20
12-Aug 30
17-Aug 77/72 116 16 18 78 81 88 >200] >200
18-Aug 32/60 >200
19-Aug[4600/1700
Average 226.7 38.4 20.2 35.5 84.2 359  108.7 720| 116.5] 1333




Fecal Coliform Data 1994

- 3 » %

= = = = = £ k= 3

o = 2] o = ) s S

S 2| ElEl S| 2| g | 5| %

5 £ S - 2 = 2 5 g B

o ] 1) =] E g' = e} = <|>J

=z -] 2 - < % = = % z.
24-May 8 6 6 34 66 68 66 82 22 16
2-Jun 8 <1 24 28 18 22 10 26 10 82
9-Jun 30 >200 34 66 78 <1 150 36 106 156
15-Jun 72 2 8 52 140 94 66 28 16| >200
22-Jun 82 74 12 48 56 12 36 82 48 94
29-Jun 4 4 1 34 2 <1 4 16 32 4
8-Jul 80 8 2 78] >200 <1 56 96 100 50
12-Jul 152 14 6 14| >200 4 60 4 4 138
19-Jul 12 8 6 20 72 <1 44 98 6 48
26-Jul 10 >200 6 20 >200 s >200 8 20 56
2-Aug 50 <1 <1 >200] >200 <1 2 >200 8 24
9-Aug 110 <1 9 40 20 9 40 140 >200 20
16-Aug 82 <1 6 30 >200 <1 50 8 4 18
23-Aug[1570/1350 <1 tntc tntc[>200/100 tntc tntc 30 20 1580
30-Aug| 100/<100 <1 100] <100 10 20 <100 60 20 <100
7-Sep 40/90 <1 10 10 12 <10 <20 10 10
Average 1453 323 45.6 79.6] 103.9 46.8 92.6 58.3 39.1 1622




Appendix C
1996 Sampling Data



Fecal Coliform Data 1996

i
°
= g 5 > &
= b= > g > <= o g =
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25-Apr <1 <1
1-May 60 1 2 20 20 30 6 1 1 12 30 10
15-May 75 31 42 2 10 0 10 10 0 0 0 10
30-May 0 0 0 250 400 100 160 20 300 40
13-Jun 0 0 0 100 0 100 100 0 200 200 100
26-Jun 200 0 0 0 100 0 0 0 0 310 0
9-Jul 0 0 0 0 200 100 0 0 100 100 0
Average 55.83 4.57 7.33 62.00] 121.67 55.00 46.00 4.43 0.50 60.00|] 156.67 26.67




Phosphorus Data 1996

<
(=]
= 3 = < =
= b= > g > <= o g =
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s | E | g | S| E| 2| 2| E| 2| 5| 8
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14-Nov 0.06 0.02| .02/.01 0.01 0.01 0.02 0.16
15-Nov 0.08 <.01] .02/<.01 0.01 <01 0.01
17-Apr 0.02 0.025 0.02 0.04
1-May 0.04 0.03 0.18 0.01 0.02] .02/.05
2-May 0.11 0.06 0.55 0.07 0.05
15-May| .02/.05( .01/.04 0.04] .01/.03] .01/.04 .01/.03
30-May| .02/.06| <.01/.01] <.01/.02] .02/.05 0.02] .01/.01] .01/.02] .01/.04 <.01 <.01 0.01
13-Jun 0.10 0.05 0.09 0.07 0.04 0.04 0.03
26-Jun 0.14 0.04 0.06 0.06 0.09 0.07
9-Jul 0.23 0.06 0.01 0.21 0.12 0.09 0.09
Average 0.09 0.04 0.12 0.05 0.05 0.04 0.06 0.03 <.01 <.01 0.01




Summary of 1996 Sampling Parameters

ph Conductivity Turbidity Ipo (% saturation] Temperature Flow
\& \© \© \© \© \© \© \© \© \© \© \© \© \© \© \© \© \©
R & & & & & & & & & & & & & = =) =N =
= = = = = = = = = = = = = = = = = =
gl S| & & 5| & 5| 5| & 5| S| & & £ & & £ & %
a = B - = B — = B — = B — = B — = B —
SW-1| 7.87| 7.49] 4.62] 165 607| 216 8] NA o] 7.6 9] 6.8] 23.3 22| 7.6 dam dam dam
SW-2| 7.77] 10.4] 4.6} 132 567| 132 71 NA| 28] 7.34] 11.9] 6.3] 23.1| 22.5| 2.5 dam dam dam
SW-3| 7.4| 8.02| 4.42) 276] 617| 285 16] NA| 0.5] 7.66] 7.68] 48] 22| 19.2] 3.7 0.35 nfd| 0.181
SW-4| 7.66| 8.63| 4.45] 119 186| 112 8] NA| 15.1] 7.04] 10.8] 7.2y 24.1| 22.2| 2.4 dam dam dam
SW-5| 7.48] 8.69| 4.27) 115 161| 112 10| NA| 8.4} 7.48 10| 4.4] 23.5| 22.1] 3.2 nfd| visible| wvisible
SW-6| 7.2] 9.09] 4.09] 100] 233 88 71 NA| 6.7} 7.71| 6.09| 4.4] 22.8| 20.7 2.9 dam dam dam|
SW-7| 6.97| 8.95| 4.38] 105 209| 112 10| NA| 2.2} 7.85| 7.15 4] 22.5( 20.4 3 nfd nfd nfd
visible| visible| visiblel
high high high
SW-8| 7.61| 10.8] 4.11] 106] 215 93 9] NA| 5.6} 7.02| 9.52| 2.9] 27.8| 23.3| 3.6 flow] flow] flow]
visible| visible] visible
high high high
SW-9| 6.92] 9.57| 4.08] 93| 161 84] 23] NA| 0.8] 6.69] 10.6] 2.8] 27.8] 23.5| 1.9 flow] flow] flow]
SW-1( 7.01| 8.59| 4.34] 141| 231| 152 11| NA| 4.9 7.56| 3.26] 3.1} 24.2| 20| 3.7 0.12 nfd| 0.194
SW-11 7.27| 8.79] 4.28] 96| 155 67 11] NA| 6.5] 8.41] 9.03] 3.3] 21.6] 199] 3.3 0.13 nfd| 0.152
SW-131 7.05| 10.1] 4.3 91| 108 75 11] NA| 11.7) 8.27] 9.93| 4.4] 24.4] 19.2] 3.5] visible nfd| visible
SW-13 7.26] 9.78| 4.28 87| 140| 53 9] NA| 28] 9.13| 9.7 3.7} 20.6| 18.6 3.4 0.17] 0.008] 0.173




Summary of 1996 Water Quality Data

Laporarory Anaiysis

Fecal Coliform (# per Total Phosphorus
100 ml) Ammonia (mg/l) TKN (mg/l) (mg/l) Nitrate (mg/l)
= = = = = = = = = = = = = = =
Sos| & & o=l & & =l & & 5| & 5 og| & &
=) = 2 — = B — = 2 — = 2 — = B —
SW-1 Supply
Pond Dam <100 3.1 6] <0.50] <0.50] <0.1 <1.0] <I1.0 0.39] 0.003 0.19 0.44] <0.50] <0.50 0.52
SW-2 Harris
Pond Dam <100 2 11] <0.50] <0.50] <O0.1 <1.0] <I1.0 0.3] 0.046 0.12 0.28) <0.50] <0.50 0.43
SW-3 Boire
Field Brook 310] 144.5 105] <0.50] <0.50] <0.1 <1.0] <I1.0 0.59] 0.125 1.35 0.31 0.53] <0.50 0.74
SW-4 Bowers
Pond Dam <100 3.1 13] <0.50f <0.50] <O0.1 <1.0] <1.0 0.3] 0.016 0.29 0.33] <0.50] <0.50 0.42
SW-5 Bowers
Pond Mid <100 13.7 37] <0.50f <0.50] <O0.1 <1.0] <1.0 0.3] 0.026 4.53 0.48] <0.50] <0.50 0.42
SW-6 Holts
Pond Dam 100 13.7 12] <0.50] <0.50] <0.1 <1.0] <1.0 0.3] 0.049 0.13 0.47] <0.50] <0.50 0.39
SW-7
Pennichuck
Brook 100 78.2 13] <0.50] <0.50f <O0.1 <1.0] <1.0 0.3 0.18 0.04 0.14f <0.50] <0.50 0.39
SW-8
Pennichuck
Pond Mouth <20 1 5] <0.50] <0.50] <0.1 <1.0] <I1.0 0.3] 0.023 0.06 0.23] <0.50] <0.50 0.39
SW-9 Muddy
Brook 40 2 18] <0.50] <0.50f <0.1 <1.0] <I1.0 0.3] 0.082 0.01 0.32] <0.50] <0.50 0.42
SW-10
Stump Brook 300| >200.5 39] <0.50f <0.50] <O0.1 <1.0] <I1.0 0.44] 0.043 1.05 0.09] <0.50] <0.50 0.55
SW-11
Witches
Brook 3001 109.1 6] <0.50] <0.50] <0.1 <1.0] <I1.0 0.3 0.03] <0.01 0.45] <0.50] <0.50 0.5
SW-12
Witches
Brook 200] >200.5 31] <0.50f <0.50] <O0.1 <1.0] <I1.0 0.3] 0.013 0.4 0.99] <0.50] <0.50 0.51
SW-13
Witches
Brook <100 34.4 291 <0.50] <0.50 0.5 <1.0] <I1.0 0.65] 0.009 1.19 0.09) <0.50] <0.50 0.5
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Hydrologic Analysis



HYDROLOGY

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, 1961-1990. 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 11 of thel2 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:

O 1964 31.13 inches
O 1965 27.56 inches
O 1966 33.23 inches

Three-year total 91.92 inches



Table 1-1. Precipitation Analysis for the Nashua Area

44-year Period

30-year Period

74-year Period

Month 1922-1965 1966-1995 1922-1995

Total |Average |Maximum|Minimum |Total [Average |Maximum|Minimum |Total Average | Maximum|Minimum
Jan 151.52 3.44 7.54 0.74] 92.64 3.09 10.50 0.60[ 244.16 3.30 10.50 0.60
Feb 125.95 2.86 5.93 1.05[ 95.02 3.17 8.07 0.07] 220.97 2.99 8.07 0.07
Mar 153.81 3.50 9.64 1.38 112.32 3.74 9.81 0.56] 266.13 3.60 9.81 0.56
Apr 153.54 3.49 6.26 0.48] 108.92 3.63 9.51 0.93] 262.46 3.55 9.51 0.48
May 139.34 3.17 9.34 1.07| 106.34 3.54 7.20 0.92| 245.68 3.32 9.34 0.92
June 151.48 3.44 8.66 0.86[ 112.65 3.76 9.00 0.90] 264.13 3.57 9.00 0.86
July 144.08 3.27 9.21 0.75] 104.32 3.48 6.27 0.45] 248.40 3.36 9.21 0.45
August | 145.04 3.30 8.21 098 111.45 3.72 9.46 0.70] 256.49 3.47 9.46 0.70
Sept 147.81 3.36 11.53 0.11] 104.60 3.49 7.42 0.70[ 252.41 3.41 11.53 0.11
Oct 138.04 3.14 10.21 0.50[ 106.71 3.56 7.28 1.04| 244.75 3.31 10.21 0.50
Nov 174.26 3.96 8.33 0.63| 132.15 4.41 8.82 1.28| 306.41 4.14 8.82 0.63
Dec 145.03 3.30 7.26 0.75] 122.00 4.07 8.84 091 267.03 3.61 8.84 0.75
Totals | 1769.90] 40.23 1309.12  43.66 3079.02| 41.61

NOTE: All values given in inches




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

Average Maximum Year | Minimum Year
Month Precipitation in 30 = 1983 in 30 = 1966
(inches) (inches) (inches)

January 3.09 5.71 3.79
February 3.17 4.64 3.02
March 3.74 9.81 1.98
April 3.63 7.06 0.93
May 3.54 4.74 2.84
June 3.76 3.22 1.33
July 3.48 2.39 2.64
August 3.72 2.75 1.12
September 3.49 1.05 5.44
October 3.56 3.57 3.53
November 4.41 8.92 3.87
December 4.07 5.96 2.74
Total 43.66 59.72 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 U.S. Geological Survey from certain continuous record
streamflow monitoring stations. U.S.G.S. operated a gaging station on the Souhegan
River at Merrimack, 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 recorded
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 171 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
21.12 inches, or about 17% less than the runoff developed for the 54-year period (1923-
1976) using the Souhegan River records. Comparison of 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-runoft values could likely be developed
from the Beaver Brook data available for the past decade.
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Table 1-3. Frequency Analysis of
54-year Period of Precipitation
Percent of Time Amount of
Annual Precipitation (inches)
Precipitation is
Less Than Stated
1% 27.5
2% 28.8
5% 30.9
10% 329
20% 354
30% 37.2
70% 44.5
80% 47.2
90% 50.5
95% 54.0
98% 57.8
99% 60.2

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 (1966) 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%.



Table 1-4. Rainfall - Runoff Relationships for the Nashua Area

Average Year Maximum Year = 1983 Minimum Year = 1966

Precipitation|Discharge |Runoff |Precipitation|Discharge |Runoff |Precipitation|Discharge |Runoff
Month (inches) Coefficient [(inches) [(inches) Coefficient [(inches) [(inches) Coefficient [(inches)
Jan 3.09 0.63 1.95 5.71 0.26 1.48 3.79 0.46 1.74
Feb 3.17 0.56 1.78 4.64 0.42 1.95 3.02 0.58 1.75
Mar 3.74 0.88 3.29 9.81 0.62 6.08 1.98 1.60 3.17
Apr 3.63 1.04 3.78 7.06 1.00 7.06 0.93 1.50 1.40
May 3.54 0.52 1.84 4.74 0.52 2.46 2.84 0.58 1.65
June 3.76 0.20 0.75 3.22 0.20 0.64 1.33 0.56 0.74
July 3.48 0.11 0.38 2.39 0.13 0.31 2.64 0.13 0.34
Aug 3.72 0.16 0.60 2.75 0.09 0.25 1.12 0.06 0.07
Sept 3.49 0.10 0.35 1.05 0.40 0.42 5.44 0.08 0.44
Oct 3.56 0.27 0.96 3.57 0.27 0.96 3.53 0.27 0.95
Nov 4.41 0.43 1.90 8.82 0.35 3.09 3.87 0.45 1.74
Dec 4.07 0.60 2.44 5.96 0.70 4.17 2.74 0.51 1.40
Total 43.66 59.72 33.23
Annual Average 20.02 28.87 15.39
Percentage 45.90% 48.30% 46.30%




Appendix E
Specific Factors Applied for Phosphorus Loading



Universal Soil Loss Equation (USLE) Parameters

Erosion-
Rainfall Control
Erosivity (RE) |Soil Erodibility Topographic Cropping | Practice Factor
(MJ-mm/ha-h) (K) Slope % Length (ft) Factor (LS) Factor (P)
PBS
Forest 125 0.15 5.5 200 0.855 0.011 1
Orchard N/A N/A N/A N/A N/A N/A N/A
Cropland N/A N/A N/A N/A N/A N/A N/A
Pasture N/A N/A N/A N/A N/A N/A N/A
PBB
Forest 125 0.17 5 200 0.758 0.011 1
Orchard N/A N/A N/A N/A N/A N/A N/A
Cropland N/A N/A N/A N/A N/A N/A N/A
Pasture N/A N/A N/A N/A N/A N/A N/A
PBH
Forest 125 0.16 3 200 0.354 0.011 1
Orchard N/A N/A N/A N/A N/A N/A N/A
Cropland 125 0.18 605 150 0.917 0.003 1
Pasture 125 0.18 605 150 0.917 0.011 1
PBP
Forest 125 0.18 6.1 200 0.974 0.011 1
Orchard 125 0.19 7.4 150 1.09 0.087 1
Cropland 125 0.19 6.2 150 0.861 0.003 1
Pasture 125 0.19 6.2 150 0.861 0.011 1
WBE
Forest 125 0.18 6.4 200 1.04 0.011 1
Orchard N/A N/A N/A N/A N/A N/A N/A
Cropland 125 0.17 2.1 150 0.237 0.003 1
Pasture 125 0.17 2.1 150 0.237 0.011 1
WBS
Forest 125 0.19 10.9 200 2.201 0.011 1
Orchard 125 0.19 9.3 150 1.512 0.087 1
Cropland 125 0.21 10 150 1.68 0.003 1
Pasture 125 0.21 10 150 1.68 0.011 1
WBN
Forest 125 0.19 9 200 1.66 0.011 1
Orchard N/A N/A N/A N/A N/A N/A N/A
Cropland N/A N/A N/A N/A N/A N/A N/A
Pasture N/A N/A N/A N/A N/A N/A N/A
SPB
Forest 125 0.28 12.2 200 2.62 0.011 1
Orchard N/A N/A N/A N/A N/A N/A N/A
Cropland N/A N/A N/A N/A N/A N/A N/A
Pasture N/A N/A N/A N/A N/A N/A N/A
BFB
Forest 125 0.18 8 200 1.41 0.011 1
Orchard N/A N/A N/A N/A N/A N/A N/A
Cropland N/A N/A N/A N/A N/A N/A N/A
Pasture N/A N/A N/A N/A N/A N/A N/A
MB
Forest 125 0.195 9.3 200 1.744 0.011 1
Orchard 125 0.22 11.5 150 2.07 0.087 1
Cropland 125 0.2 7.7 150 1.15 0.003 1
Pasture 125 0.2 7.7 150 1.15 0.011 1

N/A - Not Applicable (This type of land use is not within this subwatershed)
K - Based on soil types within the watershed

Slope - Based on soil types within the watershed

Length - Based on recommendations of local Soil Conservation Service
C - Based on ground cover

P - Based on recommendations of local Soil Conservation Service




Septic System Evaluation Parameters
No. of Septic | No. Capita- Loading
Systems Yrs. (kg/capita-yr) | Retention
PBS 0 0.0 0.65 N/A
PBB 26 91.0 0.65 0.35
PBH 0 0.0 0.65 N/A
PBP 6 21.0 0.65 0.4
WBE 11 38.5 0.65 0.3
WBS 0 0.0 0.65 N/A
WBN 0 0.0 0.65 N/A
SPB 61 213.5 0.65 0.3
BFB 0 0.0 0.65 N/A
MB 0 0.0 0.65 N/A

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

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

Retention - Literature coefficient based on soil type



Runoff Coefficients for Specific Land Uses in Each Subwatershed
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% Impervious Area 16 22 31 65[N/A 85 72IN/A  |IN/JA [N/J/A |N/A
PBS N/A 0.248| 0.329] 0.635|N/A 0.815| 0.698 0.08|N/A [N/A N/A
PBB N/A 0.248| 0.329|N/A 0.15|N/A 0.698 0.15|N/A  |N/A N/A
PBH 0.194| 0.248] 0.329|N/A 0.15] 0.815[ 0.698 0.15|N/A 0.15 0.15
PBP 0.194[N/A N/A 0.635 0.3 0.815|N/A 0.15 0.25 0.25 0.25
WBE 0.194 0.248|N/A [N/A 0.25] 0.815[ 0.698 0.15|N/A 0.15 0.15
WBS 0.194[N/A N/A  [N/A 0.25|N/A N/A 0.15 0.25 0.25 0.25
WBN 0.194[N/A N/A  [N/A N/A  [N/A 0.698 0.15|N/A  |N/A N/A
SPB 0.194 0.248|N/A [N/A 0.15] 0.815[N/A 0.15|N/A  |N/A N/A
BFB N/A 0.248] 0.329|N/A N/A 0.815| 0.698 0.08|N/A [N/A N/A
MB 0.194[N/A N/A  [N/A 0.35|N/A N/A 0.08 0.15 0.15 0.15
Runoff coefficients for developed areas are based upon the percent imperviousness of the specified
land use, using the equation: Rv = 0.05 + 0.009(I), where I is the percent imperviousness. For
undeveloped areas it is estimated using literature coefficients based upon the soil type.
N/A - Not Applicable
The residential runoff coefficients for land in Hollis, Amherst and Milford located in subwatersheds
PB-3, PB-4, WB-1, WB-2, WB-3, MB-1 and SB-1 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 the table
below, whereas the coefficients in the above table were used for all other areas of the watershed not
located within these towns.
Runoff Coefficients for Specific Land Uses in Each Subwatershed
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% Impervious Area 16 22 31 65[N/A 85 72[N/A IN/A [N/A |N/A
PBH 0.122|N/A N/A  [N/A N/A  [N/A N/A 0.15|N/A 0.15 0.15
PBP 0.113[N/A N/A 0.152 0.3|N/A N/A 0.15 0.25 0.25 0.25
WBE 0.124| 0.134|N/A [N/A 0.25] 0.232 0.212 0.15|N/A 0.15 0.15
WBS 0.113[N/A N/A  [N/A 0.25|N/A N/A 0.15 0.25 0.25 0.25
WBN 0.119[N/A N/A  [N/A N/A  [N/A 0.184 0.15|N/A  |N/A N/A
SPB 0.117 0.123|N/A [N/A 0.15] 0.191|N/A 0.15|N/A  |N/A N/A
MB 0.114[N/A N/A  [N/A 0.35|N/A N/A 0.08 0.15 0.15 0.15




Phosphorus Loading Concentrations

Dissolved Sediment Attached Total
Residential (>1 acre) N/A N/A 0.38
Residential(1/2-1 acre) N/A N/A 0.38
Residential (<1/2 acre) N/A N/A 0.38
Condominium N/A N/A 0.38
Parks & Town Owned N/A N/A 0.12
Commercial N/A N/A 0.20
Industrial N/A N/A 0.20
Forest 0.006 638 N/A
Orchard 0.10 638 N/A
Crop 0.26 638 N/A
Pasture 0.25 638 N/A

All values are based on literature coefficients.

N/A - Not Applicable




Trapping Efficiencies
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PBS N/A 0 0 0 0.95 0 0 0.85 NA|  NA N/A
PBB N/A 0 0 N/A 0.9 N/A 0.7 0.9 NA|  NA N/A
PBH 0 0 0 N/A 0.5 0 0 0.9 N/A|  0.59 0.59
PBP 0 N/A 0 0 0.8 0 N/A 0.8 0.66 0.66 0.66
WBE 0 0 NA|  NA|  0.05 0 0 0.9 N/A| 051 0.51
WBS 0 N/A NA|  NA|  0.05 N/A N/A 0.9 0.68 0.6 0.6
WBN 0 N/A NA|  NA NA|  NA 0 0.85 N/A|  NA N/A
SPB 0 0 NA|  NA|  0.05 0 NA| 098 NA|  NA N/A
BFB N/A 0 0 N/A N/A 0 0 0.9 NA|  NA N/A
MB 0 N/A NA|  NA 0.6 N/A N/A| 085 0.73 0.73 0.73

Trapping efficiencies are scaled zero to one, where zero indicates that none of the sediment/pollutants are trapped and

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 storm 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 other 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



Database Search and File Review Sites

Type Pollutant NH ID |Site Name Site Address Town Status Permit No.
@ 500 drums were
buried, also a
discharge of a
UIC cement like material [ 840010 |ABC MACHINE CO. |8 MANHATTAN DRIVE AMHERST |backlog N/A
RESIN SYSTEMS
UIC Benign wastewater | 840015 [CORPORATION 60 ROUTE 101A (NASHUA HAMHERST |backlog N/A
LUST Petroleum 870558 |TIFFANY SQUARE |ROUTE 101A AMHERST |backlog N/A
CLARK
BROTHERS/MERGA
Volatile Organic NSER
HAZWASTHCompounds 890106 |CORPORATION 15 COLUMBIA DRIVE AMHERST |backlog N/A
CLARK
BROTHERS/MERGA
Permit required for NSER
UIC drains 890106 |CORPORATION 15 COLUMBIA DRIVE AMHERST |backlog N/A
LUST Petroleum 890354 [JASPER FARM 124 ROUTE 101-A AMHERST |GW Permit |GWP-890354-/
HITCHNER
UIC Benign wastewater | 900301 [MANUFACTURING |7 NORTHERN BLVD AMHERST |backlog N/A
NORTHERN
ANALYTICAL
UIC Benign wastewater 900302 |LABORATORIES 3 NORTHERN BLVD AMHERST |backlog N/A
SOUHEGAN
Wastewater disposal VALLEY
system receiving COOPERATIVE
SEPTIC >20,000 per day 900513 [HIGH SCHOOL BOSTON POST ROAD AMHERST |closed GWP-900513-;
SOUHEGAN
Wastewater disposal VALLEY
system receiving COOPERATIVE
SEPTIC >20,000 per day 900513 [HIGH SCHOOL BOSTON POST ROAD AMHERST |closed GWP-900513-;
SOUHEGAN
Wastewater disposal VALLEY
system receiving COOPERATIVE
SEPTIC >20,000 per day 900513 |[HIGH SCHOOL BOSTON POST ROAD AMHERST |registration |GWP-900513-/
COUNTRY CLUB
UIC Benign wastewater 900916 |KENNEL RTE 122 AMHERST |backlog N/A




Database Search and File Review Sites

Type Pollutant NH ID [Site Name Site Address Town Status Permit No.
Permit required for
roof and parking lot
UIC drains 901034 [KOLLSMAN 10 COLUMBIA DRIVE AMHERST |backlog N/A
BELLEMORE
HEATING OIL CO. Willis -
AST Heating oil 910623 [AMHERST TEMINA |21 OLD NASHUA ROAD AMHERST |ongoing N/A
BELLEMORE
HEATING OIL CO.
FUEL Fuel oil 910623 [AMHERST TEMINA (21 OLD NASHUA ROAD AMHERST |backlog N/A
~300 gallons of QUINN BROTHERS
LUST gasoline 910702 |[CORPORATION 5 CALDWELL DRIVE AMHERST |closed N/A
Holding tank MOBIL OIL GAS
HOLDTANKregistration, gasoline| 930607 |STATION 75 RTE 101A AMHERST [backlog N/A
Discharge of benign GRANITE STATE
UIC wastewater 931015 [DOG CENTER 90 RTE 101A (COBBLESTONAMHERST |backlog N/A
HAZWAST 840011
E UIC 840011 |H & M METALS COLUMBIA DRIVE AMHERST |backlog N/A
permits -
HAZWAST (Solvents, gasoline, 840013 managemen
E LUST [|VOCs 840013 |[MOORE PROPERTY |117 RT 101A AMHERST |t N/A
HAZWAST 890923
E UIC 890923 |CUES 14 CALDWELL DRIVE AMHERST |backlog N/A
Permit required for
water from cooling
loop discharged to
UIC roof drain 901033 [PLASTI-CLIP CORP. |11 COLUMBIA DRIVE AMHERST |backlog N/A
Permit required for
non-sanitary
wastewater from
wave soldering
process to on-site
UIC leachfield 901038 [ITRONICS 11 COLUMBIA DRIVE AMHERST |backlog N/A




Database Search and File Review Sites

Type Pollutant NH ID |[Site Name Site Address Town Status Permit No.
CLARK BROTHERS
901101 [EQUIPMENT backlog /
UIC /LUST|Petroleum 901101 [STORAGE 5 MANHATTEN DRIVE AMHERST [closed N/A
WOODMONT
UIC Benign wastewater 881208 |ORCHARDS SOUTH MERRIMACK ROAIJHOLLIS backlog N/A
Heating oil, DAVID ROTH
OPUF residential 940915 |RESIDENCE 180 WHEELER RD. HOLLIS backlog N/A
permits /
MERRIMACK managemen
HAZW ASTHChlorinated VOCs 840382 |[METALS RT 101A MERRIMACKt N/A
MERRIMACK WELL
#6 (VILLAGE H20
HAZWASTHChlorinated VOCs 861101 |DISTRICT) OFF MILFORD RD MERRIMACKWickson [N/A
LOCKHEED
SANDERS MER 12
UIC Benign wastewater | 920907 [FACILITY 130 DANIEL WEBSTER HYYMERRIMACHregistration |N/A
Site evaluation, not
an indication of
SITEEVAL |pollution 921001 [MCDONALDS RT 101A/NATICOOK RD-0 MMERRIMACHKbacklog N/A
Heating oil, MAHON
OPUF residential 930822 |RESIDENCE 31 NATICOOK RD MERRIMACKclosed N/A
POST ROAD PLAZA
HAZWASTHtetrachloroethene 940966 [SITE ROUTE 101A MERRIMACKWickson |N/A
CONNELL
LUST Petroleum 941134 [SHOPPING PLAZA |RTE 3 MERRIMACKBerry N/A
RODERICK
SPILL/RLS |oil spill 900726 |RESIDENCE 49 OVERLOOK WAY, LEISUMILFORD [closed N/A
PENNICHUCK
UIC Benign wastewater 840408 |WATER WORKS MANCHESTER STREET NASHUA backlog N/A
DEMERS TRUCK
LUST Petroleum 870268 |CENTER 635 AMHERST STREET NASHUA closed N/A
AST Petroleum 880316 |COCA-COLA 600 AMHERST STREET NASHUA Willis N/A
LUST Petroleum 880316 |COCA-COLA 600 AMHERST STREET NASHUA closed N/A




Database Search and File Review Sites

Type Pollutant NH ID |Site Name Site Address Town Status Permit No.
permits-
SULLIVAN TIRE managemen
UIC Benign wastewater 880920 |(ADJACENT TO 7-11)[369 AMHERST STREET NASHUA t N/A
OWENS-
BROCKWAY
LUST Petroleum (TPA) 881101 |PLASTICS OFF CELLU DRIVE NASHUA closed N/A
PSNH FACILITY -
LUST Petroleum 890930 |INASHUA 370 AMHERST STREET NASHUA backlog N/A
permits-
QUIK MART managemen
LUST gasoline 910341 [(#30290) 496 AMHERST STREET NASHUA t GWP-910341->
Permit for
stormwater discharge CONTAINER
UIC to a retention pond 910817 |RECOVERY CORP |12 CELINA AVENUE NASHUA backlog N/A
ASA
bromodichloromethe INTERNATIONAL
HAZWASTHne, chloroform 930507 |COMPANY 615 AMHERST ST NASHUA closed N/A
STABILE/22
LUST Petroleum 940213 |COTTON RD 22 COTTON RD NASHUA backlog GWP-940213-]
SOUTHLAND
LUST Petroleum 890601 |CORPORATION 361 AMHERST STREET NASHUA backlog N/A
permits-
880920/ [SULLIVAN TIRE managemen |GWP-880920-M
LUST/ LUST Petroleum 890601 |(ADJACENT TO 7-11)[369 AMHERST STREET NASHUA t/ backlog |GWP-880920-}




Facility ID Number

NHDO088584214

NHD986487205

NHD0010082304

NHD069906352

NHD986469237

NHD986472447

NHD981891062

NHD982763690

NHDO000791178

NHDO000791731

NHD980523682

NHD980668859

NHD986466290

NHD040231367

NHD981065915

NHD986471217

New Hampshire RCRA List

Name / Address

NH Vocational Technical College
505 Amherst Street

Nashua

Nicks Exxon Service Station
219 South Daniel Webster Highway
Nashua

Nim Cor Inc.

575 Amherst Street

Nashua

Norge Village

Ambherst Street

Nashua

Micro Vesicular Systems Inc.
22 Cotton Road

Nashua

Micro Vesicular Systems Inc
20 Cotton Road

Nashua

Midas Muffler

518 Amherst Street

Nashua

Kawasak East

421 Ambherst Street

Nashua

Kollsman

3 Capitol Street

Nashua

Kollsman

8 Capitol Street

Nashua

Kollsman MC DTV

460 Ambherst Street

Nashua

Lockheed Sanders Inc

460 Ambherst Street

Nashua

M TEK Inc

22 Tanguay Ave

Nashua

Itek Composition Systems Division
34 Cellu Drive

Nashua

Gyrex Corp

472 Ambherst Street

Nashua

Hall J Lawrence Co Inc

10 Cotton Road

Nashua



NHD982746901

NHD146673785

NHD982746661

NHD982202749

NHDO050397959

NHD986466647

NHD066754151

NHD189567761

NHDO001084979

NHD986471266

NHD500014501

NHD986466639

NHD986469260

NHD986473544

NHD500011390

NHD045052206

NHD980731319

NHD986466431

GIS Graphics of Nashua
472 Ambherst Street
Nashua

Gate City Collision Center
561 Amherst Street
Nashua

Getty Petroleum Corp
483 Ambherst Street
Nashua

Greased Lightning Inc
504 Amherst Street
Nashua

Field Precast Corp
Tanguay Ave

Nashua

Digital Equipment Corp
Cotton Road

Nashua

Coca Cola USA

600 Amherst Street
Nashua

Builders Square

420 Ambherst Street
Nashua

Beazer East Inc

2 Hills Ferry Road
Nashua

Alden & Brodan Corp
472 Ambherst Street Unit 22
Nashua

Anderson Sonny Automotive
537 R Ambherst Street
Nashua

Anheuser Busch Recycling Corporation

12 Celina Drive

Nashua

Antons Cleaners

379 Amherst Street
Nashua

ATC Power Systems Inc
472 Ambherst Street Unit 12
Nashua

VIP Discount Auto Center
714 Milford Road
Merrimack

Robinson Laboratories

Rte 101A Jenney BLDG
Ambherst

Specialty Coating Systems Inc
13 Columbia Drive Bay 3
Ambherst

Route 101A Auto Body
110 Route 101A

Ambherst



NHD981072762

NHD103707782

NHDO073968778

NHD092061910

NHD980734000

NHDO058540519

NHD982201048

NH5986485381

NHD986483063

NHD980670301

NHD982750762

NHD98215455

Surewood Excavation
99 Milford Road
Ambherst

Teksource Inc

105 Milford Road
Ambherst

Towne Lyne Foreign Motors
Rte 101A

Ambherst

Vibrac Corp

16 Columbia Drive
Amherst

Waveonics

Rte 101A

Ambherst

Wilderness Outfitters & Marine
Rte 101A

Ambherst

Robinson Laboratories
1 Tanguay Street
Nashua

Saturn of Nashua

635 Amherst Street
Nashua

Stabile HJ & Son Inc
22 Cotton Road Unit 1
Nashua

Sunnyside Acura

482 Ambherst Street
Nashua

TST Equipment Co

18 Tanguay Avenue
Nashua

Tiffany Cleaners Inc
650 Amherst St
Nashua
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In-pond Concentrations and Parameters for Agricultural Buildout with Conservation
Stump Pond Pennichuck Pond Holts Pond Bowers Pond Harris Pond Supply Pond

Lake area (km?2) 0.08 0.23 0.09 0.37 0.32 0.06
Mean Depth (m) 1.52 1.52 1.22 1.83 4.08 3.60
Watershed area (km?2) 6.14 17.38 57.35 64.57 71.17 72.78
Precipitation volume (10"6 m3) 0.09 0.25 0.10 0.41 0.35 0.07
Evaporation volume (1076 m3) 0.05 0.13 0.05 0.21 0.18 0.04
Precipitation loading (kg/yr) 9 26 10 41 35 7
Land use phosphorus loadings
(kg/yr) 420 2409 3099 634 1175 356
Land & precipitation phosphorus
loadings (kg/yr) 430 2435 3109 676 1210 363
Phosphorus loadings from
Merrimack River (kg/yr) 0 0 0 177 0 0
Phosphorus loadings from preceding
pond(s) (kg/yr) 0 0 1224 3124 2413 1169
Total phosphorus loadings (kg/yr) 430 2435 4333 3977 3623 1533
Stream runoff (m/yr) 0.509 0.509 0.509 0.543 0.540 0.293
Lake volume (10"6 m3) 0.13 0.35 0.11 0.68 1.29 0.23
Detention time (years) 0.04 0.04 0.00 0.02 0.03 0.01
Volumetric waterload (10"6 m3/yr) 3 9 29 36 39 21
Total P-in (mg/l) 0.132 0.264 0.148 0.111 0.093 0.072
In-pond Phosphorus (mg/l) 0.066 0.109 0.107 0.068 0.056 0.053
P leaving pond (kg/yr) 214 1010 3124 2413 1169 N/A

Buildout Phosphorus Loadings -w-conservation, Ag. In-pond



Phosphorus Loadin

gs for Residential Buildout

PBS PBB PBH PBP WBE WBS WBN SPB BFB MB Total
Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr
Land Use
Residential (>1 acre) 0 450 550 1151 617 982 306 613 0 795 5463
Residential (1/2 - 1 acre) 143 229 0 0 0 359 264 0 68 216 1279
Residential (<1/2 acre) 1198 430 0 0 0 0 0 0 162 0 1790
Parks and Town Owned 0 0 0 11 0 0 0 0 0 6 16
Commercial 20 42 487 6 285 52 0 46 112 0 1050
Industrial 1621 919 1186 104 898 0 118 0 902 486 6234
Forest 0 0 0 0 0 0 0 0 0 0 0
Orchard 0 0 0 0 0 0 0 0 0 0 0
Crop 0 0 0 0 0 0 0 0 0 0 0
Pasture 0 0 0 0 0 0 0 0 0 0 0
Septic 0 85 0 18 0 0 0 253 0 0 356
Precipitation 121 81 0 56 0 0 0 21 0 0 278
3102 2236 2223 1346 1800 1392 688 932 1244 1502 16465
Percent Phosphorus
Contribution 19% 14% 14% 8% 11% 8% 4% 6% 8% 9%

ResidentialBuildout Phosphorus Loadings




In-pond Concentrations and Parameters for Residential Buildout

Stump Pond Pennichuck Pond Holts Pond Bowers Pond Harris Pond Supply Pond
Lake area (km2) 0.08 0.23 0.09 0.37 0.32 0.06
Mean Depth (m) 1.52 1.52 1.22 1.83 4.08 3.60
Watershed area (km?2) 6.14 17.38 57.35 64.57 71.17 72.78
Precipitation volume (10"6 m3) 0.09 0.25 0.10 0.41 0.35 0.07
Evaporation volume (1076 m3) 0.05 0.13 0.05 0.21 0.18 0.04
Precipitation loading (kg/yr) 9 26 10 41 35 7
Land use phosphorus loadings
(kg/yr) 413 1266 3211 778 1296 376
Land & precipitation phosphorus
loadings (kg/yr) 423 1292 3222 819 1331 383
Phosphorus loadings from
Merrimack River (kg/yr) 0 0 0 177 0 0
Phosphorus loadings from preceding
pond(s) (kg/yr) 0 0 849 2960 2404 1198
Total phosphorus loadings (kg/yr) 423 1292 4071 3957 3735 1581
Stream runoff (m/yr) 0.509 0.509 0.509 0.543 0.540 0.293
Lake volume (10"6 m3) 0.13 0.35 0.11 0.68 1.29 0.23
Detention time (years) 0.04 0.04 0.00 0.02 0.03 0.01
Volumetric waterload (10"6 m3/yr) 3 9 29 36 39 21
Total P-in (mg/1) 0.129 0.140 0.139 0.111 0.096 0.074
In-pond Phosphorus (mg/l) 0.065 0.069 0.101 0.067 0.057 0.054
P leaving pond (kg/yr) 211 638 2960 2404 1198 N/A

Buildout Phosphorus Loadings, Res. In-pond




Phosphorus Loadings for Agricultural Buildout

PBS PBB PBH PBP WBE WBS WBN SPB BFB MB Total
Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr
Land Use
Residential (>1 acre) 0 450 385 0 20 607 287 609 0 0 2357
Residential (1/2 - 1 acre) 143 229 0 0 0 359 264 0 68 216 1278
Residential (<1/2 acre) 1198 430 0 0 0 0 0 0 162 0 1790
Parks and Town Owned 0 0 0 11 0 0 0 0 0 6 16
Commercial 20 42 487 6 285 52 0 46 112 0 1050
Industrial 1621 919 1186 104 898 0 118 0 902 486 6234
Forest 0 0 0 0 0 0 0 0 0 0 0
Orchard 0 0 0 1173 0 955 0 20 0 3555 5702
Crop 0 0 92 0 321 0 14 0 0 0 427
Pasture 0 0 0 0 0 0 0 0 0 0 0
Septic 0 85 0 18 0 0 0 253 0 0 356
Precipitation 121 81 0 56 0 0 0 21 0 0 278
3102 2236 2150 1368 1523 1973 682 948 1244 4262 19487
Percent Phosphorus
Contribution 16% 11% 11% 7% 8% 10% 4% 5% 6% 22%

AgriculturalBuildout Phosphorus Loadings




Phosphorus Loadings from Residential with Conservation

PBS PBB PBH PBP WBE WBS WBN SPB BFB MB Total
Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr
Land Use
Residential (>1 acre) 0 358 510 1096 604 967 306 613 0 748 5201
Residential (1/2 - 1 acre) 115 125 0 0 0 359 264 0 68 216 1147
Residential (<1/2 acre) 1080 418 0 0 0 0 0 0 126 0 1623
Parks and Town Owned 0 0 0 7 0 0 0 0 0 6 13
Commercial 20 42 423 6 285 52 0 46 112 0 987
Industrial 1569 774 881 104 898 0 118 0 798 486 5628
Forest 2 7 4 6 2 1 0 0 1 3 25
Orchard 0 0 0 0 0 0 0 0 0 0 0
Crop 0 0 0 0 0 0 0 0 0 0 0
Pasture 0 0 0 0 0 0 0 0 0 0 0
Septic 0 85 0 18 0 0 0 253 0 0 356
Precipitation 121 81 0 56 0 0 0 21 0 0 278
2906 1889 1819 1293 1789 1379 688 932 1106 1458 15258
Percent Phosphorus
Contribution 19% 12% 12% 8% 12% 9% 5% 6% 7% 10%

ResidentialBuildout Phosphorus Loadings -w-conservation




In-pond Concentrations and Parameters for Residential Buildout with Conservation

Stump Pond Pennichuck Pond Holts Pond Bowers Pond Harris Pond Supply Pond
Lake area (km2) 0.08 0.23 0.09 0.37 0.32 0.06
Mean Depth (m) 1.52 1.52 1.22 1.83 4.08 3.60
Watershed area (km?2) 6.14 17.38 57.35 64.57 71.17 72.78
Precipitation volume (10"6 m3) 0.09 0.25 0.10 0.41 0.35 0.07
Evaporation volume (1076 m3) 0.05 0.13 0.05 0.21 0.18 0.04
Precipitation loading (kg/yr) 9 26 10 41 35 7
Land use phosphorus loadings
(kg/yr) 413 1222 2994 634 1175 356
Land & precipitation phosphorus
loadings (kg/yr) 423 1248 3004 676 1210 363
Phosphorus loadings from
Merrimack River (kg/yr) 0 0 0 177 0 0
Phosphorus loadings from preceding
pond(s) (kg/yr) 0 0 833 2813 2260 1129
Total phosphorus loadings (kg/yr) 423 1248 3837 3666 3470 1493
Stream runoff (m/yr) 0.509 0.509 0.509 0.543 0.540 0.293
Lake volume (10"6 m3) 0.13 0.35 0.11 0.68 1.29 0.23
Detention time (years) 0.04 0.04 0.00 0.02 0.03 0.01
Volumetric waterload (10"6 m3/yr) 3 9 29 36 39 21
Total P-in (mg/1) 0.129 0.135 0.131 0.103 0.089 0.070
In-pond Phosphorus (mg/l) 0.065 0.067 0.096 0.063 0.054 0.052
P leaving pond (kg/yr) 211 621 2813 2260 1129 N/A

Buildout Phosphorus Loadings -w-conservation, Res. In-pond



Phosphorus Loadings from Agricultural Buildout with Conservation

PBS PBB PBH PBP WBE WBS WBN SPB BFB MB Total
Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr
Land Use
Residential (>1 acre) 0 358 369 0 20 601 287 609 0 0 2242
Residential (1/2 - 1 acre) 115 125 0 0 0 359 264 0 68 216 1147
Residential (<1/2 acre) 1080 418 0 0 0 0 0 0 126 0 1623
Parks and Town Owned 0 0 0 7 0 0 0 0 0 6 13
Commercial 20 42 423 7 285 52 0 46 112 0 987
Industrial 1569 774 881 104 898 0 118 0 798 486 5628
Forest 2 7 2 6 1 1 0 0 1 3 22
Orchard 0 0 0 1118 0 939 0 20 0 3342 5418
Crop 0 0 79 0 314 0 14 0 0 0 407
Pasture 0 0 0 0 0 0 0 0 0 0 0
Septic 0 85 0 18 0 0 0 253 0 0 356
Precipitation 121 81 0 56 0 0 0 21 0 0 278
2906 1889 1755 1315 1517 1951 683 948 1106 4052 18121
Percent Phosphorus
Contribution 16% 10% 10% 7% 8% 11% 4% 5% 6% 22%

AgricultureBuildout Phosphorus Loadings -w-conservation
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MODEL OPEN SPACE COMMUNITY ZONING BYLAW
{Source: Growth Management Workbook. EOCD, 1988}

(Based on a bylaw adopted by the Town of Granby, Massachusetts
and Town of Whately, Massachusetts)

OPEN SPACE COMMUNITIES

1.00  Open Space Communities shal be permitted in the _districts only upon issuance of a Spacial Permit with
Site Plan Approvsl from the Planning Board. as specified in Sections ____ and ___ of this bylaw, and in
accordance with the additional requirements specified herein.

1.0 General Description
An "Open Space Community" shall mean & single family residential development in which the houses sare
clustered 1ogether into ons or more groups on the lot and separated from each other and adjacent properties
by permanently protected open space.

1.02 Purposes
The purposes of open space community developments are 10:

a. aliow for grester llexibility and creetivity in the design of residential subdivisions, provided that the
overall density of the development is no greater than whet is normaliy allowed in the district:

b. encourage tha permenent preservation of open space, agricultural lands, and other natural resources;

c. maintain the traditional New England rural cheracter and fend use pattern in which small villages
contrast with open space and farmlands;

d. facilitete the construction and msintenance of streets, utilities and public services in a more
economical and efficient manner:

q. encourage & less sprawling form of davelopment that consumes less open land.

1.03 Additional General Requirernents

The following standard shsll be used as sadditional requirements in the special parmit/site plan approval
process for all open space communities:

a, The development shall include single femily dwallings only.

b. The minimum lend required for open space cormmunity development shall ba five (5} scres and the
parcels shell be held in single ownership or control at the time of application.

L N Each lot shall have adequate access on a public or private way.

d. Each lot shall be of 8 size end shepe to provide a building site which ehall ba in hanmony with the
natural terrain and other features of the land,

0. There ehall be an adeguate, safe, and convenient arrangement of pedestrian circulation, facilities,
roadwaye, driveways, snd parking.

f. The site plan shall idantify the location and extent of all wetlands on the site ag datermined by the
Consarvetion Commission under the Massachusetts Wetlends Protection Act, M.G.L. Chapter 131,
Section 40.

1.04 Additional Utility Requirements

1.0417  All structures which require plumbing shall be conhacted to a public senitary aswaer, if available, or
to a community soptic eysiem at no expense to tha municipality.

1.042 For dweliings to be served by on-site waste disposal systemns, the applicant shali submit a septic
systemn design prepered by a certified engineer and spproved by the Board of Health and a plen
illustrating the location ot water supply weils with the special permit applicetions. No community
septic system serving the development shall excesd sewagse flow of 2,000 galions per day. Septic
systems shall be placed in the devalopment to meximize the distance batwesn systems and shall
be placed within common aress rather than on individual lots. Maintenance of community septic

o
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1.06

1.08

1.043

systerms shall be the responsibility of the community association specified in Section 1.08.

No open space community development served by on-site waste disposal systems shall be approved
unless the applicent can demonstrate to the satisfaction of the Planning Board that the powential for
groundwater poliution is no greatar from the proposed open space community development than
would be expected from a conventional subdivision with single family houses on lots meeting the
normal lot size requiremnents located on the same parcal. Where nacessary, the Planning Board may
hire a Professionel Engineer to analyze end certify groundwater quality impects, and may charge thae
applicant for the cost of such analysis.

Dimensional and Density Reguirsments

1.051

1.062

1.053

1.054

1.065

1.068
1.067

1.058

kS

A ona-tamily detached dwelling, or lawful accessory building may ba constructed on a lot within an
Open Space Community developmeni afthough such lot has less area and frontage than normally
required, as herain specified.

The maximum number of dwelling units permitted in an open space community shall be calculated
based upon {the minimum |ot size normally required in tha district, i.e., one unit per acte) for the net
developable acreage remaining once the area of all wetlands and all aress unsuitabla for on-site
sewage disposal have been subtracted from the total acreage of the property.

Under the supsrvision of the Conservation Commission and in accordance with the provisions of the
Wetlands Protaction Act. M.G,L. Ch. 131, Sec. 40, all wetlands shall be identified, and their area
subtracted from the net developable acreage of the total parcel.

Under tha supervision of the Board of Health and in conformance with Title V, percolation 1ests shall
bs conducted for alt lots in the totel acreage of the property which would be developed in & standard
subdivieion layout. The area of those lots which is determinad to be not suitable for on-site sewage
disposal shall ba subtracted from net developable acreage of the total parcal.

Lot sizes in & cluster development shali not ba less than one-half {(50%) of the minimum lot size
normally required in the district, i.e., twenty thousand {20,000} square fest per lot,

In no instance shall a designsted lot have less then 100 feet of frontage on a public or privats way,
Minimum front, rear, and side yard setbacks shall be the seme as normally requirad in the district.
All residential structures and accessory uses with the deveiopment shall be set back from the

boundaries of the development by a buffer strip of at least fifty (50} feat in width which shall include
trees and shall be kept in a natural landsceped condition.

Common Open Space Requiremsnts

1.081

1.062

1.083

1.084

All lend not devated to dwellings, accessory uses, roads, or other development shall be set aside
as common land for recremtion, conservation, or agricultural uses which preserve the land in
essantially its natursl condition.

The total aree of common open space shall equal or excesd the srea by which all single-family
dwelling lots are reduced below the basic minimurm lot ares normally required in the zoning district. _

The following lands shall not be used to meet the common open space requiraments:
a Lands within the floodplain district;

b. Lands identified as wetlands in accordance with the Massachusetts Wetlands Protaction
Act;

c.. Lands with slopes greater than twenty-five parcent {25%]).

Further subdivision of common open land or its use for other than recrestian, conservation, or
agriculture, except for easements for underground utilities and septic systems, shall be prohibited.
Structures or buildings accessory to recreation, conssrvation, or agricultural uses may be erected
but shall not excead 5% coverage of such common open land.

o
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1.07  Commeon Open Space Ownership

1.071

1.072

All common open land shell be either:

a. conveyed to 8 community association owned or to be owned by the owners of lots within
the development. If such s commiunity association is utilized, ownership thereof shall pass
with convayance of the lote in perpetuity;

b. conveyed to a non-profit orgenizeticn, the principal purpose of which is the conservation
or presarvation of open space;

c. conveyad to the Town, at no cost, and be accepted by it for a perk o'rjopan BPECO use.
Such conveyance shall be st the option of the Town and shall require the approval of the
voters at a Town Meeting; and

d. if the parce! is located in an agriculturel district, farmland owners are not required to sell

. the part of their praperty which is 1o become permanent agricultural open space, provided

that they convey the development rights of that open space in a conservation easamant
prohibiting future development of the property in accordance with Section 1.071 (a-c).

In any case where such land is not conveyed 1o the Town, s restriction enforceable by the Town
shall be racorded to eneure that such land shall ba kept in an open or natural state end not be built
for residantiel use or developed for accessory uses such as parking or roadways. Such rostrictiona
shall further provide for maintenance for the common land in a manner which will ensure its
suitability for its function, appesrence, cleanliness, and propsr maintenance of drasinegs, utilities and
the like. .

1.08 Community Association

1.081

1.082

A non-profit, incorporated cammunity association shall be established, requiring membership of each
iot owner in the open space community. The community association shall be responsible for the
permanent maintenance of all communal water and septic systems, common open space,
recreational and tharoughfare facilities. A community association agreement of covensnt shall be
submitted with the spaciel permit/sita plan approval application guaranteeing continuing maintenance
of such common utilities, land and fecilities, and sssessing each lot & share of maintenance
sxpenses. Such agrezment shall be subject 1o the raview and epproval of Town Counsel and the
Planning Board,

Such agreements or covenants shall provide that in the event that the association fails to maintain
the common open iand in reasonable order and condition in accordance with the agraement, the
Town may, after notice to the association and public hearing, enter upon such iand end maintain it
in order to preserve the toxable values of tha propertias within the development and to prevent the
cammon land from becoming a public nuisanca. The covenants shall also provide that the cost of
such maintenance by the Town shall be assessed ratably sgainst the propsriies within the
daveiopment.

1.00 Procedures snd Pre- fication Ravie

1.091

"1.082

1.093

Applicants for Opsn Space Communities shall follow the Special Permit procedures specified in
Section ___ and the Sita Plan Approval procadures apecified in __ .

To promote better communication and to svoid misunderstanding, applicanta are sncouraged to
submit a Praliminary Plan for review by the Planning Board prior to the application for & specint
permit. Such Preliminary Plane shall comply with the Town’s Subdivision Cuntrol Reguletions.

The Planning Board approval of a special permit hereunder ehall not substitute for compliance with
the Subdivision Control Act, nor oblige the Flanning Board to approve a related Definitive Plan for
subdivision, nor reduce any time pericds for Board consideration under the law. Howaever, in order
to facilitate processing, the Planning Boerd shall. insofar as practical under law, adopt regulations
establishing procedures for submission of a combinad Special Permit application/Subdivision Plan
which shall satisfy the Board's regulations under the Subdivision Control Act.
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1.094 A Site/Plan Development Plan shall ba submitted to the Planning Board with the application for a
special permit. Following approval of the special permit, a Dafinitive Plan shell be submitted to the
Planning Board consistent with their Subdivision Reguiations and in substantial conformity with the
approved Site Plan/Devalopment Plan, except where the Cluster Development does not constitute
a subdivision under the Subdivision Control Law.
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MODEL AGRICULTURAL PRESERVATION ZONING BYLAW

{Source: Growth Management Workbook. EOCD, 1988}
(Based upon a bylaw adopted by the Town of Granby, Massachusetts}

AGRICULTURAL PRESERVATION DISTRICT

1.00

1.01

1.02

1.03

1.04

Purpose
The putposes of the Agricultural Praservation District are to:

a. Protect prime egricultural lands for future food production;

b. Maintain an adequate agricultural land base in _{town) 10 ensure continued economio viability for
local agriculture and the evsilability of agricultural support service;

c. Promote adequate and efficient provision of public service by preventing unptenned urban growth
in areas more appropriate for agriculture;

d. Preserve scenic, historic and other farming-related veluas which helip define the cheracter of {town)
culture and jandscape;

a. Allow landowners a reasonable return on the value of their holdings while protacting the majority
of existing farmlend for use by future generations;

f. Pramote end protect the practice of farming in _{town) ,

District Delineation

The Agricultural Preservation District is defined as all lands designated on the map entitlad "Agricultural
Preservation District, Town of {town] ", on file with the Town Clerk.

Poermitted Uses

a. Agricultural praduction, including raising of crops, livestock, poultry, nurseries, orchards, hay;

b. Normal agricultural practices, including but not limited to manure storage, farm machine operation,
and tertilizer and pesticide use as reguleted by state and tederal law;

c. Uses accessory to ferm operations, inciuding greenhouses, farm animal veterinary facilities,
agricultursl processing, end storage facilities;

d. Farm-related dwelling units owned and occupied by persons actively engaged in farming;

€. Single family homes on frontage lots not requiring approvel under the Massachusetts Subdivision
Control Law, M.G.L., Ch, 41, which comply with the Site Design stendards in Section 1.08 and
other dimensional requirements of this bylaw.

Uses Permittad with Site Plan Approval

All residential eubdivisions in the Agricultural Preservation District which require epproval under M.G.L., Ch.
41 shall be laid out in accordance with the Cluster Development Stendards in Section 1.07 and the Site
Design Standards in Section 1.08 of this bylew, and shall require Site Pian Approval from tha Planning Board.
All applicants for Site Plan Approvel shall comply with Section ___ of this bylaw,

' Additional Requirements for Site Plen Approval

The applicant shall comply with the minimum requirements for site plan contents in Section — of this bylaw,
and shall alec submit to the Planning Boerd the following information:

e Description or illustration of the physical characteristics within and adjacent to this site, including:
prime agricultural soils, soils of stete and local importanca, other soils end soil characteristics, areas
used for crop or other agricultural production.

b. Description of complience with Cluster Deveiopmant Standards in Section 1.07 and Site Design
Standards in Section 1.06.
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1.06 Criteria for Review

In addition to the Site Plan Approval eriterion contained in Saction ___ the Planning Board shall alsc cansider
the following criteria:

a.

b,

is in compliance with Cluster Development Standards in Section 1.07;
will not interfera with farming operations on adjacent lands;

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

is integratad inta the existing landscape through lestures such as vegetative buffers, and through
retantion of open agricultural land.

1.08 Site Design Standards
These standards shell apply to subdivisions requiring approval under Chapter 41 and to lots or subdivisions

not requiring approvel under Chapter 41;

a.

All buildings, homes and structures shall be locsted a minimum of 100 feet from sagriculturel land
and cshall be separated by a 50-foot wide buffer strip of trees and fencing sufficient 1o minimize
conilicts between farming operations and residences.

Each structure shall be integrated into the existing lendscape on the property so as to minimizs its
visual impact and maintsin visibility of adjscent egricultural lands from public ways through use of
vagetative and structural screening, landscaping, grading, and placement on or into the surface of
thz lot, - .

1.07 Cluster Development Standards
Residential subdivision developments in the Agricultural Preservation District shall be laid out according to

the ciluster development standards contsined harein. Single-family detached dwellings, or lawful accassory
buildings, in a cluster developmaent may be constructed on lots which have less ares or frontage than normally
required in the underlaying district, as hersin specified.

1.071

1.072

1.073

1.074

1.075

All buildings and roads shall be locatad awsay from soils which are most suitable for egriculture
{based on U.S. Soil Conversation Service classifications for prima farmland soils and soils of state
and local importance) 10 the maximum practical extent, This provision does not appiy 1o the location
of on-site meptic disposal facilitiss which must be pleced in soils meeting the Massachusatts
Environment Code.

All roads, drainage systems and utilities shall be laid cutin a manner so as to have the lesst possible
impact on agricultural lands and uses.

The minimum lot size for any cluster development lot shall be 20,000 square feet. The minimum
frontage for such lots shall bs 100 feet. All other dimensional requiremnents shall be the same ss
normally required in the district.

The meximum number of dwelling unite permitted in a residential cluster development shall bs
calculated according to the following procedures:

a. The maximum number of dwelling units permitted on a parcel of land shall be determined
based upon unit per acre for the net developable acreage remaining once the area of all
waetlends and ali areas unsuitable for on-site sewage disposal have been subtracted from
the totai acreage of the property, if appropriate.

b. Under the supervision of the Conservetion Commission and in aceordance with the
provisions of the Wetlands Protection Act, M.G.L. Ch. 131, Sac. 40, all wetlands shall be
identified, and their area subtracted from the net developable acreage of the total parcel.

c. Under the supervision of the Board of Health, and in conformanca with Title B percolation
tests shall be conducted for all lots in 1the totel acreage of the property which would be
developed in a standard subdivision layout. The area of these lots which is datermined to
be not suitable for on-site sewage disposal shall be subtracted for the net developable
acreage of the totsl parcel.

The required open land within a cluster shell be determined as follows:

.
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1.07¢

1.077

a. At laast [ifty (50) percent of the net acteage remaining after the area of ali weatiands have
been subtracted shall be retained es open agricultural land. Remaining open agriculiural
lend shalf have appropriate acreage, configuration and access to enable continued farming
oparations,

All buildings, homes, and structures shall be located a minimum al 75 feet from agricultural land and
shall be separaeted frorn agricultural uses by a 50-foot wide bulfer strip of tress and fencing sufficient
to minimize conflicts between farming operations and residences.

The following standards shall apply to development raquiring on-site sewage disposal.

a, The applicant shall submit a septic system design prepared by a certified engineer and
approved by the Boerd of Health and & plan iliustrating the location of water supply wells
with the special permit application. No community septic systam serving the developmant
shall axceed sevwage fiow of 2,000 gallons per day. Septic systemns shall ba placed in the
dovelopment to maximize the distance between systems and may be placed within
common areas or in individual lots. Maintansnce of community septic systems shall ba the
responsibility of the home-owners’ association spacified in Section 1.09.

b. No cluster development shall be approved unless the applicant can demonstrate to the
satisfaction of the Planning Board that the potantisl for ground-water pollution is no grester
from the proposed cluster development than would be expected from a conventional
subdivision with single-family houses on lots meeting the normal lot size reguirements
located on the ssme parcel. Where necessery, the Planning Board may hire a Professional
Engineer (P.E.} to snalyze and certify groundwater quality impacts and may charge the
applicant for the cost of such snalysis.

1.08 Protaction of Open Agricultural Land

The following standards shall apply to open agricultural iand to be protected as part of the davelopment ot
residential cluster developmants:

1.08%

1.082

Farmland owners are not required to ssll the part of their property which is to become permanent
agricultural open space, providad that they do convey the davelopment rights of that open spacs in
a conservation essemant prohibiting future devalopment of this property to any of the official bodies
namad in Section 1.082 below.

All rernaining open egricultural land shall be permenently protectad by either:

a. A permanent conservation easement or deed restriction conveyed 1o the Town of {town]
with Town approval or to a non-profit farmland trust or conservation organization whose
principal purpose is to conserve farmiand and open space. At a minimum, such an
aasement or restriction shall antail the use of management practices that ensure existing
fields or pastures will be plowed or mowaed at least once every year,

b.  Ownership in fee simple conveyed to the Town of _{town) with Town approval or 10 &
non-prafit farm trust, open space or conservation organization as a gift or for consideration.

1.09 Community Association

1.0981

1.092

A non-profit, incorperated commuinity association shall be established, raquiring membership of each
lot owner in the opsan space community. The community aseocistion shall be responsible for the
permeanent maintenance of all community water and ssptic systems, common open space, recresation
and thoroughfare facilities. A community sssociation agreement of covenant shall be submitted with
the special parmit application gusranteeing continuing maintenance of such common utilities, land
and facilities, and asseusing aach lot a share of maintenance expenses. Such agreement shall be
subject to the review and approvel of Town Counsel and the Plenning Board.

Such sgreements or covenants shell provide that in the event that the associstion fails to maintein
the common open land in ressonable order and condition in accordance with the agraement, the
Town may, after notice to the association and public hearing, enter upon such land and maintain it
in order to presarve the taxeble values of the proparties within the development and to prevent the
common land from becoming a public nuisance. The covenants shall aiso provide that the cost of

- such maintenance by the Town shell be asseseed ratably against the record owners of the properties

within the development, their successors or assigns.

Page D-8

f

Nonpoint Source Management Manual

gre




1.10 Relationship to Agricultural Incentive Area
All land which is enrolled in the Agricultural Presarvation Zoning district shail become eligible for enrollment
in the _{town)} Agricultural Incentive Args and, once enrolied in the Incentive Area, shall receive eny and all
benefits and incentives included therein.

Note: The adoption of this bylaw will also require the following addition to the zoning bylaw's Table of
Dimensional Reguiations.

Minimum Minimum Minimom Minimum Maximum Max. Lot
District Lot Size Frontape Side Yard Aear Yard Height Coverage
Agricultural
Preservation 80,000 200 50 50 50 25% N

Note; Communities should consider a parailel smendment to the Town’s subdivision reguiations to ascertain and
promote consistency with this zoning bylaw.
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MODEL SITE PLAN APPROVAL BYLAW

{Source: Growth Management Workbook. EOCD, 1988)
{Based upon a zoning bylaw adopted by the Town of Granby, Massachusetts)

SITE PLAN APPROVAL

10.00 Projects Requiring Sits Plan Approval

10.001 No special permit or building permit shall be issued for any of the following uses:

e, the construction or exterior alteration of & commercial structure;

b, tha construction or exterior alteration of an industrial structure;

c. residential developments requiring approval under the Subdivision Control Law {M.G.L., Ch. 41);

d. any 91:& use specified in the Scheduls of Use Regulations, which indicates Site Flan Approval is
required.

Unless a site plen has been endorsed by the Planning Board, after consultation with other boards,
including but not limited to the following: Building Inspector, Board of Health, Board of Selectmnen,
Conservation Commission, Highway Dapartment, Fire Department, and Police Depsrtment. The
Planning Board may waive any or all requirements of site plan review for external sniargements of
less than 25% of the existing floor area.

10.01 Purpose
The purpose of sito plen approval is to further the purposes of this bylaw and to ensure that new developmeant
is dasigned in a manner which reasonably protects visual and environmental qualities and property values of
the Town, and to assure adequate drainege of surface water and safe vehiculer access.

10.02 Application

10.021 Each application for Site Plan Approval shall be submitted to the Planning Board by the current
owner of record, accompanied by eight {8) copies of the site plan. The Planning Board shall, within
five (5} days trensmit one copy each to the Building Inspector, Board of Health, Consarvation
Commission, Board of Selectmen, Highway Department, Fire Department, and Palica Department.

10.022 The Planning Board shall abtain with each submission, a deposit sufficient to cover any expenses
connected with e public hearing and raview of plans, including the costs of any enginsaring or
planning consultant services nacesssry for review purposes.

10.03 Reguired Site Plan Contents

10.031 Allisite plans shall be prepared by a registered architact, landscape architect, or professiona! sngineer
unless this requiremant is waived by the Planning Board beceuse of unusually simple circumstences.
Ali site plans shall be on standard 24" x 36" sheets and shell be prepared st a sufficient scale to

show:

a. The location and bounderies of the iot, adjacant streets or ways, end the location and the
owner's names of all adjacent properties.

b, Existing end proposed topography, including contours, the location of wetlands, streams
watgrbodies, drainage swales, arass subject to flooding, snd unigue natural land features.

c. Existing and proposed structures, including dimensions and elevationa.

d. The lacation of parking and loading ereas, driveways, walkways, access and egress points.

€. The location and description of all proposed septic systems, water supply, storm drainage
systams, utilities, and refuse and other waste disposal methods.

f. Proposed landscape features including the location and a description of screening, fencing,

and plantings.
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10.032

a. The location, dimensions, height, and cheracteristics of proposed signs.
h. The location and a description of proposed open space or recreation areas.

The Planning Board may waive any information requirement it judges to be unnecessery to the
review of a particular plan.

10.04 Proc-edures for Site Plan Reviaw

10.08

10.041

10.042

10,043

The Planning Board shall refar copies of the application within 15 days to the Conservation
Commission, Board of Heelth, end Building Inspector, who shall review the application end submit
their recommendations and comments to the Planning Board. Failure of the Boards to make
recommendations within 35 days of the refarral of the application shall be desmed to be lack of
opposition.

The Planning Board shall hold a public hesring within sixty-tiva {65} days of the receipt of &n
application and after due consideration of the recommandations of the Board shall take final action
within 20 days from the time of hearing.

The period of review for a special permit requiring site plen approval shall be the same ss any other
specisl permit and shall conform to the reguirements of Chapter 40A, Sec. 9, "Special Parmits.”
Specifically, a joint public hearing to address the Special Parmit application and Site Plan Approvsl
application shall be hald within sixty-five (85) days of the filing of a special permit application with
the Planning Board or Board of Appesls. The Planning Boerd shali then have 90 days following the
public hesaring in which to act.

Site Plan Review Criteria

10.0561

The following criteria shall be considered by the sforementioned Boards in the review and evalusation
of a site plan, consistant with a reasonsble use ol the eite for the purposes parmitted or permissible
by the regulations of the district in which it is located:

a. If the proposal requires a speciel parmit, it must conform to the special permit raquirements
as fisted in Section ____ of this bylaw.,

b. The development ehall be integrated into the existing terrain and surrounding landscape,
and shall be designed to protect abutting properties and community amenities. Building
sites shall, to the extant feasible: a) minimize use of wetlands, steep slopes, floodplains,
hilltops; b) minimize obstruction of scenic views from publicly accessible locations; c)
preserve uniqua naturel or historical features; d) minimize tree, vegatation and soil removal
and grade chenges, a) maximize open space retention; and f} screen objectionabls features
from neighboring properties and roadways.

c. Architectural style to ba in harmony with the prevailing character and scale of buildings in
the neighborhood and the Town through tha use of appropriate building materials,
screening, bresks in roof and wall lines and other architectural techniques. Veriation in
detail, form and siting shall be used to provide visual interest and avoid monotony,
Proposed buildings shell relate harmoniously to each other with adequate light, air,
circulation end separation between buildings.

d. The development shall he served with edequate water supply and waste disposel systems.
For etructures to be served by on-site waste disposal systems, the applicant shall submit
a septic system design prepsred by a Certified Engineer and approved by the Board of
Haalth.

e. The pian shall meximize the convenisnce and safety of vehiculer and pedastrian movement
within the site and in relation 1o adjecent ways. The plan shall describe estimated average
dsily and peak hour vehicle trips to be generated by the site and traffic flow pstterns for
vehicles and pedestrians showing adequate access 1o and frorn the site and adequate
circulation within the site.

. The site plan shsll show adequate measures to prevent pollution of surface or groundwataer,
to minimize erosion and sedimentation, and to prevent changes in groundwater levels,
increased run-off and potential for flooding. Drainage shall be designed so that run-off shall
not be increased, groundwater recherge is meximized, and neighboring properties will not

)

g Nonpoint Source Management Manual Page D-11



be adverssly sffected.
a. The development will not place excessive demands on Town services and infrastructure.

h. Electric, telephone, cable TV, and other such utilities shall be underground where physically
and environmantally feasible.

i Exposed storags aress, machinery, service areas, truck loading areas, utility buildings and
structures and other unsightly uses shall be sat back or screened to protect the neighbors
from objectionable featuras.

I The site plan shall comply with all zoning requirements for parking, loading dimensions,
environmental performance standards, and oll othar provisions of this bylaw.

10.052 Before approval of a site plan, the reviewing board mey requast the applicant to make modifications
in the proposed design of the praject to ensura that the above criteria are mat.

10.08 Final Action
10.081 The Planning Board's final action shall consist of either:

a. A determination that the proposed projact will constitute a suitable development and is in compliance
with the criteria set forth in this bylaw;

b. A written denial of the application stating the reascns for such denial; or
c. Approval subject to any conditions, modifications, and restrictions as the Planning Board may deem
necessary.

10.07 Enforcemsnt

1C.071 The Planning Board may require the posting of a bond to assura compliance with the plan and
conditions and may suspend any permit or license when work is not psrformed as required.

10.072 Any specisl permit with site plan approval issuad under this section shall lapse within cne (1) year
if a substantial use thereof has not commenced sooner except for good causs.

10.73 The Planning Board may psriodically amend or add rules and regulations relating to the procedures
and administration of this saction.
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MODEL WATER SUPPLY PROTECTION ZONING BYLAW

(Prepared by Pioneer Valley Planning Commission, Amended 12/31/91}

Nota: This bylaw has been designad to mest the requirements of the Messachusatts Department of Environmentel
Protection Wellheed Protection "Source Approvai™ Regulations 210 CMR 22,21 within designated Zone H aress. Please
refar 10 310 TMR 22 if your community is in the source approval process. This model provides, in some areas, mora
strningent protaction that the DEP regulations.

WATER SUPPLY PROTECTION DISTRICT

1.0 Purpose of District

To promote the health, safety end welfars of the community by protecting end preserving the surface and
groundwater resources ol the Town and the region from any use of land or buildings which may reduce the
quality and quentity of its water resources.

1.1 Dafinitions

1.11  Groundwater: All water found beneath the surtace of the ground.

1.12 Whatershed: Lands lying adjacent to water courses and surface water bodies which create the
catchment or drainage areas of such water courses and bodies.

1.13 Impervious Surfaces: Materiats or structures on or obove the ground that do not allow precipitatian
to infiltrate the underlying salil.

1.14 Trucking Tarminal: Business which sarvlices or repaire commercial trucks which are not owned by
the businass,

1.1% Hezardous Waste: A waste which is hazardous 10 human health or the environmant. Hazardous
wastes have been designated by the Regulations of the Massachusetts Hazardous Waste
Managemant Act, Massachusatts General Lews, Chapter 21C,

1.18 Aguifer: Geologic formation composed of rock or sand end grevel that contains significant amounts
of potentially recovarable poteble water.

1.17 Primary Aquifer Recharge Area: Areas which are underlain by surficial geologic depasits including
glaciofluvial or lacustrine stratified drift deposits or alluvium or swamp deposits, and in which the
prevailing directions of groundwater flow is towstd the arsa of influsncs of water supply wells,

1.18 Secondary Aauifer Recharge Area: 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 walls or potentisi sites for such wells. )

1.19 "Hazardous material”: Matariel including but not limited to, any material, in whatever form, which,

because of its quentity, concentration, chemical, corrosive, flammable, reactive, toxic, infectious
or radioactive characteristics, either separately or in combinstion with sny substance or substancas,
constitutes a present or potential threat to human health, safety, welfare, or 1o the environment,
when improperly stored, trested, transported, -disposed of, used, or othenwise managed. Tha term
shell not include oil.

1.1956 "Zone iI*: means that area of an aguifer which contributes water 10 a well under the most
severa pumping and recharge conditions that can be realistically anticipated {180 days of
pumping st safe yield, with no recharge from precipitetion}. It is bounded by the
groundwater divides which result from pumping the weill and by the contact of the aquifer
with less permeable materials such ae till or bedrock. In some cases, streams or lakes may
act as recharge boundaries. In all cases, Zone |l shail extend up gradient to its point of
intersection with prevailing hydrogeologic boundaries (s groundwater flow divide, a contact
with til or bedrock, or a racharge boundary).
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1.2 Scope_of Authority

The Water Supply Protection District is an overlay district and shall be superimposed on the other districts
established by this bylaw. All regulations of the Town of Zoning By-law applicable 1o such underliying
districts shall remain in effact, except that where the Water Supply Protection District imposes additional
regulations, such regulations shall prevail,

Note: For systems in DEP’s Source Approval process, the Water Supply Protection District must include, at a
minimum, the DEP-approved Zone Il. DEP slse encourages, but does not require, protection of the Zone Il area. 310
CMR 22.21 provides that, under certain circumstances, DEP may waive Zone Il delinestion requirements, if Zone I
is adequately protected.

1.3 District Delineation

1.31 The Water Supply Protection District is herein established to include all lands within the Town of -

. lying within the primary and secondary recharge areas of groundwaeter aquilers and watershed

areas of reservoirs which now or may in the future provide public water supply. The map entitled

"Water Supply Protection Distriet”, Town of , on file with the Town Clerk, delineates the
boundarigs of the district.

1.32 Where the bounds delineated are in doubt or in dispute, the burden of proof shall be upon the
owner{s) af the lend in question to show where they should properly be located. At the request of
the owner{s) the Town may engage a professional hydrogeolopist to determine more eccurstely the
location and extent of an aquifer or primary recharge ares, and mey charge tho ownerls} for all or
part of the cast of the investigation.

1.4 Permitted Uses

The following uses are permitted within the Water Supply Protection District, provided that they comply with
all epplicable restrictions in thig bylaw, including but not limited to Section 1.5-1.8:

1.4 Single tamily residences:

1.42 Residential accessory uses, including garages, driveways, private roads, utility rights of way, and
on-site wastewster disposal systems;

1.43 Agricultural uses such as farming, grazing and horticulture;

1.44 Forestry and nursery uses;

1.45 Outdoor recreational uses, including fishing, boating, and pley areas:

-l
dis
o
0
]
1
)

chssrvation of water, plants, and wildlife; wildlife management areas;

1.47 Excavation for sarth removal, provided that the requirements of Section 1.8 are met, and an sarth
removal permit is grantad by the Bosrd of Selsctmen,

1.5 Prohibited Uses

The following uses ere prohibited within the Water Supgly Protection District:

- 1.81 Business and industrial uees, not egriculturel, which genetate use, trest, process, store or dispose
of hezerdous wastes, including but not limited to metel plating, chemica!l manufacturing, wood
preserving, furniture stripping, dry cleaning. and auta body repair, except for the following:

a) very small quantity generators of hazardous waste, as delined by 310 CMR 30.00 which
generate less than 20 kilograms or 8 gallons of hazerdous waste per month may be allowed
by Special Permit in accordence with Section 1.9 of this bylaw;

b) household hazardous waste collection centers or events opsrated pursuant to 310 CMR

30.380;
c} waste oil retention facilities required by M.G.L. C.27, s.52A, and;
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di traatment works approved by Mass. Depertment of Environmental Protection end designed
in accordance with 314 CMR 5.00 for the treatment of contaminated ground or surface
waters,;

Note: The above section of the model bylaw recommends a more restrictive mimimum threshold fevel for businesses
which penerate hazardous waste than dees 310 CMR 22 which sillows very small quantity generators which generate
less than 100 kilogrems (220 pounds) per month. Alsa, 310 CMR 22 does not specify particular industries which are

prohibited, but rather relies on & broader definition of business thal "generate, treat, store or disposa of hazardous
waste",

1.2 Business or industrial uses, not agricultural, which dispose of process wastewaters on-site.
Note: The sbove clause is not required in DEP's source approval regulations.

1.53 Trucking terminsls, bus tarminals, car washes, motor vehicle gasoline sales, automatjve service and
repair shops, commoercisl fusel oil storage and sales;

Note: The shove clause is not required in DEP’s source approvsl regulations.

1.64 Solid waste landfills, dumps, auto recycling. auto graveyards, junk and salvage yards, landfilling 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:

{a} Storage which is incidental to:
i1 normal household use and outdoor maintenanca or the heating of a siructure:
12} ernergency generators required by statute, rule or ragulation, or;
(3) waste oil retention facilitias required by Mass. General Laws C.21, s.52A;
(4) treatment works approved by the Mase. Department of Environmental Protection

designed in accordance with 314 CMR 5.00 for the treatment of contaminated
ground or surface waters;

provided that such storage shall be in a free stending, above ground conteiner within a structure or
within the basemant of a structurs, within & diked impermaesble area sufficient to contain the volume
of the tank plus 10% to prevent spills or leaks from reaching groundwster, and provided that the
storage tank end piping must comply with all appliceble provisions of 527 CMR 9.00 Massachusetts
Boerd of Fira Pravention regulstions.

Note: This modei bylaw is more restrictive than DEP’s source approval regulations which alfow outside, unprotected
storage tanks for liquid petroleum products other than gasoline, provided they have a direct secondary spill
containment areg,

(b} Replacemnent of storags tanks or systeme for the keeping, dispensing or storing of gasoline,
which existed at the time of adoption of this bylaw, providad thst:

(1} all such replacement storage tanks or systems shall be located underground as
required by Mass. Board of Fire Pravention reguletion 527 CMR 14;

(2) all such storage systems shall be protected by ons of the secondary containment
systemns specified in Mess. Board of Fire Pravention regutation 527 CMR 9.08(3):

{3} the head of tha Fire Department may deny an applicstion for 1enk replacement, or
approve it subject to conditions if he or she determines that it constitutes a danger
to public or private water supplies, in accordance with 527 CMR 9.28{4}(d).

Replacement of all other starage tenks for liquid petroleum products other than gasoline must be
above ground, in sccordance with Section 1,55 above.

Note: The model bylaw prevides specific standards for replacement of existing (grandfathered] gesoline storage
systems. The DEP source approval regulstions do not address this issus.
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1.86

1.87

Outdoor storago of salt, de-icing materials, pesticides or herbicides;

Dumping or disposal on the ground, in water bodies, or in residential septic systems of any toxic
chemical, including but not limited to septic system cleeners which contain toxie chemicals such as
maethylene chioride snd 1-1-1 trichiorethang, or other household hezardous wastes. (See list of
prohibited chemicels at Board of Haalth or Town Clerk’s office);

Note: DEP's source approval regulations do not require the sbove clause.

1.58

Stockpiling and disposal ot snow or ice removed from highways and strests located outside of the
Water Supply Protection District that contains sodium chloride, calcium chioride, chemically treatad
ebrasivas or other chemicals used for snow and ice removel; :

Note: The DEPsource approval regulations restrict stockpiling in Zone Il of snow or jce removed from outside of Zone
#l. This model bylaw, is consequently, somawhat more restrictive than DEP’s regulations. The principal reason for
this approach is that most communities do not have spproved Zone !l areas.

1.59

Individual sewage disposal systems that are designed to receive more than 110 gallons of sewage
per guarter acre par day or 440 galions of sowape per acre per day, whichever is greater, provided
that: .

{a} the replacement or repair or an gxisting system, which will not result in an increase in
design capacity above the original design, shall be exempted;

ib) in calculating maximum sewage disposal system density, it shall be sssumed that each
residantial bedroom will gensrate 110 gallons of sewage;

lcl maximum sewage disposal system density may be calculeted either:

{1} on an individusl par lot basis {i.e., 8 3-bedroom home generates 330 galions of
sewagae per day requiring a 3/4 acre minimum lot area, or;

{2} on a nat density basis for an entire development, which includes individusl lots
and common open space of varying size (i.e,, a cluster development of eight 3-
bedroom homes generates 2,840 gallons of sewage per day requiring a minimum
total parcel erma of B acres including lots and common open space).

{d} In eddition to meeting the setandards above, all Iots shell conform to any appliceble
minimum lot size requirements contained in this Zoning Bylaw,

Note: This section is required by DEP regulations and is essentially the equivalent of 8 3/4 acre minimum lot size for
& typical 3-bedroom home.

1.586 Wastewater traatment works subject to 314 CMR 5.00 [thase trestment works which
discharge over 16,000 gallons per dey to the ground), except the following:

a. the replacement or ropair of an existing systemni{s} that will not result in e design
capacity greater than the design capacity of the existing eystemis);

b. the repiacernent of an existing subsurface sewage disposal systemis) with
wastewater treatment works that will not result in 8 design capacity greater than
the design capacity of the existing system(s), and;

c. trestment works designed for the treatment of contaminated ground or surface
waters subject to 314 CMR 5.00.

1.6 Restricted Uses

The following are restricted in the Watsr Supply Protection District:

1.81

Excavation for removal of earth, loam, sand, gravel and other soils or mineral substances shell not
extend closer than five {5} fest above the historical high groundwater table {as detarmined from on-
site monitoring wells and historical water table fluctuation data compiled by the United States
Geological survey, whichever is higher}. A menitering well shell be instaliad by the property owner
1o verify groundwater elevations. This section shall not apply to excavations incidental to permitted
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uses, including but not limited to providing for the installation or maintenance of structural
foundations, freshwater ponds, utility conduils or on-site sewage dispasal.

Note: DEP's source approval regulations sets the limit for excavation et four feet. PVPC’s model bylaw limit of five
feet is based on the recommendstion of hydrogeologic studies completed for area communities.

1.62

1.83

1.64

1.85

a. Access roadis} to extractive operation sites shall include a gate or other secure mechanism
to restncl public access 1o the site.

b. Upon completion of earth removal operations, all alterad ereas shall be restorad with topsoil
and vagetative plantings suitable 10 control erosion on the site. All fine matarials, such as
clays and silts, removed as part of the earth removal operation and leftover as by-products,
shall be dispesed of cff-site to prevent demage to aquiler recharge characteristics.

Sodium chloride for ice control shali be used at the minimum salt ta sand ratio which is consistent
with the public highway safety requirements, and its use shall be eliminated on roads which may be
closad to the public in winter.

The storage of sodium chlorids, celcium chloride, chemicsily treated abrasives or ather chemicals
used for the removal of ice and snow on roads shall be covered and located on a paved surface with
berms, or within a structure designed to prevent the generation and escaps of contaminated run-off,

Fertilizers, pesticides, herbicides, lawn care chamicsls, or other laachable materials shall be used in
accordance with the Lewn Care Regulations of the Massachusetts Pesticida Board, 333 CMR 10.03
(30, 31}, as amended, with manufacturer's label instructions and all other necassary precautions to
minimize adversa impacts on surface and groundwater,

In cases where soil percolation rstes are fastar than two minutes per inch, additional measures such
as appropriate fill materials, may be imposed by the Board of Health to slow the percolation rate for
an-site sewage dispossl systems, (Sse Board of Health Regulations).

Note: Concurrent regulations should be adopted by the Board of Heaith.

1.66

1.67

1.88

1.7 Drainagea

1.7

The storege of commercial fertilizers and soil conditioners shall be within structures designad to
pravent the generation end #scape of contaminated run-off or laachate.

To the extent fsasible, all naw permenent animal manure storage areas shall be covered and/or
contained to pravent the genaration and escape of contaminated run-off or leachate.

All liquid hazerdous materials, ss dafined in M.G.L. Chapter 21E, must be stared either in a free
standing containar within a building, or in & free standing container above ground lavel with
protection 1o contain a spill the size of the container’s total storage capacity.

For cormmaercial and industrial uses, to the extent feasible, run-off from impervious surfaces shell be
recharged on the site by being divertad toward areas coverad with vegetation for surface infittration.
Such run-off shall not ba discharged directly to rivers, streams or other surface weter bodies. Dry
wells chall be used only where other methods sre infeasible, and shall be preceded by oil, gresse and
sadiment traps to fscilitate removal of contamination. All recharge areas shall ba permanently
maintained in full working order by the owneris).

1.8 Area Regulations

1.81

Within the primery aquiter recharge aree the minirmum allowable lot size ehall be 40,000 square feat
in areas not sarved by municipal sewerage systems.

Note: The sbove reguiation is not required by DEP's source spproval regulations. The establishment of a8 minimum
lot size for water supply areas should be based upon careful consideration of soils and surficisl geclogy in the district.
See the "Planner's Handbook " for additional information on this subject.

1.9 Special Permit Uses

1.9

Uses Allowed by Spacial Permit
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1.92

1.23

The following uses may be allowed by Special Permit obtained from the Planning Board:

a. Commoercial, industrial, governmental or sducational uses which are sllowed in the
underlying district, and which are not prohibited in Section 1.5;

b. Any enlargemant, intensification, elteration, or change of use of an existing commercial or
industrial use;

c. The rendering impervious of more than 15%, or 2,500 square fest of any lot, provided that
a system for artificial recharge ot precipitation to groundwaner is developed, which shall not
result in degradation of groundwater {see Section 1.71}.

Requirements for Special Permit in the Water Supply Protection District

The applicant shall file six (8} copies of a site plan prepared by & quelified professional with the
Special Permit Granting Autharity. Tha site plen shall at @ minimum include the following information
whera pertinent.

&, A complete list of chemicels, pesticides, fusls and other potentially hazerdous materials to
be used or stored on the premises in qusantities greater then those associated with normal
household use.

b. Those business using or storing such hazardous materials shall file s hazardous materials
meanagement plan with the Planning Board. Hazardous Meterials Coordinator, Fire Chief,
and Board of Health which shall include:

1. Provisions to protect agsinst the discharge of hazardous materisls or wastss 10
the environment due to spillage, sccidental dsmage, corrosion, leskage or
vendalism, including spill containment and clsan-up procedures,

2. Provisions for indoor, secured storage of hazardous materials and wastes with
impervious floor surfaces,

3. Evidence of compliance with the Regulations of Massachusetts Hazardous Waste
Manapement Act 310 CMR 30, including obtaining an EPA identification number
from the Mass. Depaertment of Environmantal Protection,

c. Drainage recharge festures end provisions to prevent loss of recharge.

d. Provisions 1o control ecil erosion and ssdimentation, soil compaction, and to prevent
seepage from sewer pipes.

Additional Procedures for Special Permit in the Water Supply Protection District:

a, The Special Permit Granting Authority shall follow all special permit procedures contained
in Section __ of this By-law. In addition the Special Permit Granting Authority shall
distribute copies of all application materials to the Bosard of Heslth, the Conservation
Commission, and the Water Commissioners, sach of which shall review the application, and
following e vote, shall submit recommendstions and comments to the Spacial Permit
Granting Authority. Failure of boards to make recommendations within 35 days of
distribution of the epplications ahall be deemed to be lack of opposition. One copy of the
application materials shall be transmitied to or retained by the Town Clerk for viewing by
the public during office hours.

b. The Special Permit Granting Authority may grant the required special psrmit only upon

finding that the proposed use meets the following stendards and those specified in Section
ol this bylaw, The propossed use must:

{1} in no way, during construction or thereafter, adversely affect the existing or
potential quality or quantity of water that is available in the Water Supply
Protection District, and;

{2} be designed to avoid substantial disturbance of the soils, topography, drainage,
vegetation end other water-relsted natural characteristics of the site to be
developed.
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c. The Special Permit Granting Authority shall not grant a special permit under this saction
unless the pstitioner’s application materials include, in the Board's apinion, sufficiently
detailed, definite snd credible information to support positive findings in relation to the
standards given in this section.

1 .95 Non-conforming Use

Non-conforming uses which were lawfully existing, begun or in receipt of a building or special permit
prior to the first publication of notice of public hearing for this bylaw may be continued. Such non-
conforming uses may be extended or altered, as specifiod in M.G.L. Ch. 40a, Seo. 8, pravided that
there is a finding by the Planning Board that such change does not increase the danger of surface
or groundwater pollution from such usa.

Note: The provisions of Section 1.9, above, are not required in DEP's source spproval regulstions, except for Section
1.81{c) which is 8 DEP requirement.
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MODEL BYLAW/ORDINANCE GROUNDWATER PROTECTION DISTRICT

{This bylaw has been designed to conform to the minimum local control standards specified by rhe
Department of Environmental FProtection in 310 CMR 22.21(2).}

Acknowledgements: This model bylaw/ordinance was prepared by an ad-hoc committee convened and
directed by the Massachusetts Water Resources Authority. Members include Tara Gallagher from the
Department of Environmental Protection, Martin Pillsbury from the Metropolitan Area Planning Council,
Alexandra Dawson from the Water Supply Citizens Advisory Committee, Jonathan Yeo and Fred
Brandon from the Massachusetts Water Resources Authority, and Philip Chernin of Camp Dresser &
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 bylaw/ordinance tanguage which can be
modified and adopted by Massachusetts communities an internal component of a iocal water supply
protection program. The state Attorney General’s office has reviewed this model bylaw and conciuded
that it does not appear to be inconsistent with state law. 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 the
Attorney General's office.

1. PURPOSE OF DISTRICT
The purpose of this Groundweter Protection District is:

a. to promote the health, sefety, and genaral wellare of tha community by ensuring an adequate quality and
quantity of drinking water for the residents, institutions, and businesses of the {Town)(City) of ;

b. to preserve and protect existing and potential sources of drinkiﬁg water supplies;
c. to conserve the natural resources of the [townMcity); and

d, to prevent temporary and parmanent contemination of the snvironment.

2. SCOPE OF AUTHOHITY

The Groundwater Protection District is an overlay district superimposed on the zaning districts, This overlay district
shall apply to all new construction, reconstruction, or expansion of existing buildings end new or pxpanded uses,
Applicable activities or uses which fell within the Groundwater Protection District must comply with the requirements
of this district as well as with the underlying zoning. Uses that are prohibited in the undarlying zoning districts shall
not be permitted in the Groundwater Protection District.

3. DEFINITIONS

For the purposes of this section, the following words and phrasas shall have the foliowing meanings:

Aquifer: Geologic formation coemposed of rock, sand, or gravel that containg significant smounts of
potentially recovarable water.

Groundwaier

Protection District:’ The zoning district defined to overlay other zoning districts in the (Town)(City} of

The groundweter protection district may include epecifically designeted recherge areas.

The Messachusetts Dapt. of Environmental Protection (DEP) defines two specific types of recharge areas -
Zone Il and Zone Ul to which certain regulatione may apply (See Section 8B). If these zonag are a part of the
District, end have been spproved by DEP, the following definitions should be included:

Zone It The area of an aguifer which contributes water 10 a well under the most severe pumping and recharge
conditions that can be realistically anticipsted (180 deys of pumping at safe yield with no racharge from
precipitation), as defined in 310 Code of Massachusstts Regulations {CMR) 22.00,

Zone lIl: The iand ares beyond the srea of Zone It from which surfece water and groundwater drain into Zone ll, as
defined in 310 CMR 22.00.

"\
Page D-20 Nonpoint Source Management Manual 5§



imparvious Surface: Material or structure on, abovs, or balow the ground that does not ellow precipitation or
surface water 1o penetrate directly into the soil.

Mining: The removal or relocation of geologic materials such as topsoil, send, grevel, metallic ores,
or bedrock.
Recharge Areas:' Areas that collect precipitstion or surlace water and cerry it to aquifers. Recharge areas

may include sreas designated as Zone 1, Zone ll, or Zone li).

Toxic or Hazardous

Material: Any substance or mixture of physical, chemical, or infectious cheracteristics posing a
significant, actual or potential hazerd to weler supplies or other hazards to human health
it such substance or mixture were discharge to land or water of the {Town}(Cityl of ___
_. Toxic or hazerdous matarials include, without limitation, synthetic organic chemicals,
petroleum products, heavy metals, radioactive or infectious waestes, acids and alkalis, and
all substances defined es Toxic or Hazardous under Massachusetts General Laws (M.G.L.)
Chapter 21C and 21E and 310 CMR 30.00, and also include such products as solvents and
thinners in quantities greater than normal household use.

4, ESTABLISHMENT AND DELINEATION OF GROUNDWATER PROTECTION DISTRICT

For the purposes of this district, there are hereby established within the {town)icity) certain groundwatsr protection
areas, consisting of aquifers or recharge areas which are delineated on a map. This mep is at a scala of 1 inch to
— feet and is entitled "Groundwster Protection District, {Town)(City) of ___, " dated ___ . This map is hersby mede
a part of the {townl{city) zoning (bylaw) {ordinances} and is on file in the Office of the {Town)(City) Clerk,

5. ~ DISTRICT BOUNDARY DISPUTES ' T

If the location of the District boundary in relation to a particular parcel is in doubt, resolution of boundary disputes shal
be through a Spectal Permit epplication to the Special Permit Granting Autharity (SPGA). Any application for a special
permit for this purposs shall be accompanied by esdequate documentation.

The burdaen of proof shall be upon the ownerisl of tha land in question to show where the bounds should properly be
located. At the request of the owneris), the (town}{city) may engage’? a professionsl engineer icivil or sanitary),
pvc!n?logist, peologist, or soil scientist to determine more accurately the boundaries of the district® with respect 10
individual parcels of land, and may charge the owner(s} for all or part of the cost of the investigation,

6. USE REGULATION

In the Groundwater Protection District the following regulstions shall spply:

A, Permitted Uses

The following uees are permitied within the Groundwater Protaction District, provided that all necessery
petnits, orders, or approvals required by locasl, state, or federsl law are alsc obtained:

i. conservation of soil, water, plants, and wildlite;
ii. outdoor recreation, nature study, boating, fishing. and hunting where otherwise legelly permitted;
il foot, bicycle and/or horse paths, and bridges;

iv. normal operation end maintenance of existing water bedies and dems, splash boards, and other
water control, supply and consarvation devices;

{t may be desirsble to specify the professional requirements for the people permitted to redefins districts
boundaries under this paragraph. For example, a land surveyor, ragistered with the state of Massachusetts,
may be acceptsble for the definition of watershed it, but not racharge area boundaries.

. For disputes which may arise relsted to Zone )l arees, (if included in the District) the following provision would
be appropriats: The determination of the location and extent of Zone |l shell be in conformance with the

criteria set forth in 310 CMR 22.00 and in the DEP’s Guidelines and Policies for Public Water Systems.
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v, maintenance, repair, and enlargement of any existing structure, subject to Section B [prohibited
uses) and Section  [special permitied uses);

Vi, residential development, subject to Section B {prohibited uses) and Section C ispecial permitted
uses);
vii. férming, gardening, nursery, conservation, forestry, harvesting, and grazing, subject to Section B

{prohibied uses) and Section C (special permitied uses);

witi. censtruction, maintenanca, repair, and enlargement of drinking waeter supply related facilities such
as, but not limited to, waells, pipelines, aqueducts, and tunnels. Underground storage tanks related
to these activities are not categoerically permitted.

B. Prohibited Uses

The following uses are prohibited.?,®

it landtills and open dumps as defined in 310 CMR 19.008;

i’ storage of liquid petrolaum products, except the following:

a. normal household use, outdoor maintonsnce, and heating of a structure;

b. waste oil retention facilities required by statuta, rule, or regulation;

c. emergancy generators required by statute, ruls, or regulation;

d. treatment works approved under 314 CMR 5.60 for treatment of ground or surface waters;

provided thst storage, listed in items a. through d. sbove, is in free-standing conteiners within
buildings or abovs ground with secondary containment adequaie to cantain e spill the size of the
container’s total storage capacity.

landfilling or sludge or septege as defined in 310 CMR 32.05:

iv. storage of sludge and saptags, uniess euch storage is in complisnce with 310 CMR 32,30 and 310
CMR 32.31;
VAL individual sewaege disposal systemns that are designed in accordance with 310 CMR 15.00 to receive

more than 110 gallons of sewage per quarter scre under one ownsrehip per day, or 440 pallons of
sewage on any one acre under one ownership per day, whichever is greater,

except the replacernent or repair o! an existing system that will not result in an increase in design
capacity above the original design;

The boundary of the district to which these prohibitions apply should be specifically indicated. DEP
requirements {310 CMR 22.21} apply to Zonea Il areas only.

. Federal and State agencies, and countias are not subject to local zoning regulations. Thisis a long established
principle, racantly reinforced by decisiona of the Mase. Supreme Judicial Court (SJC). In its zoning enebling
act and amendments, the state has never delegated the power to regulate activities on state properties, or

' the properties of its political subdivisions.

. It may be the preference of counsel to include an "as of effective date” clause in relation to all prohibitions
which reference state or federal statutes.

This cauld be supplemented through a Board of Health Regulation or other non-zoning bylaw/ordinances.
This may be best prohibited through a Board of Health Regulation or other non-zoning bytaw/ordinance.

Another way to meet this DEP requirement and protect supply wells from oxcessive nitropen concentrations
is to conduct a nitrogen loading analysis within each Zone I, New development within Zone ls will bs aliowsed
only if it will not cause the planning goal of 5 mg/t nitrate to be exceeded. DEP must spprove the nitrogen
loading methodalogy for welis subject to 310 CMR 22.21(2).
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vi_?,'lo

vil.

viii,"!

xi.

Xii.

xiii, 7?13

xiv,

xvi. 512

storage of deicing chemicals unless such storage, including loading areas, is within a structure
designed to prevent the generation and escape of contaminated runoff or leachate;

storege of animal manure uniess covered or containad;

aarth removal, consisting of the removal of soil, loamn, sand, gravel, or any other earth material
{including mining activities) to within 8 feet of histotical high groundwater as determined from
monitoring walls and historical water table fluctuation data compiled by the United States Geologizal
Survey, except for excavations tor building foundations, roads or utility works;

facilitios that generate, trest, store, ot dispose of hazerdous wasta subject to M.G.L. 21C and 210
CMRA 30.00, except the following:

a. very small quantity ganerators as defined under 310 CMR 30.00;

b. household hazardous waste collection centers and events under 310 CMRA 30.380;
c. waste oil retention facilities required by M.G.L. C21, 5. 52A;

d. water romadistion treatment worka approved under 314 CMR 5.00;

automobile graveyards and junkyards, as defined in M.G.L. c. 1408, s.1;

treatrnent works that sre subject to 314 CMR 5.00 including privately owned sewags treatment
facilities, except the following:

a. the replscement or repair of an existing treatment works that will not result in a design
capacity grester than the design capeacity of the existing trestment works;

b. the repiacement of existing subsurface sewags disposal systemis} with wastowater
treatment works that will not result in a design capacity greatar than 1he design capacity
of the existing system(s};

c. treatment works approved by the Massachusetts Department Environmental Protection
designed for the treatment of contaminated groundwater;

storage of liquid hazardous materials, es defined in M.G.L. ¢. 21E, unless in a free standing container
within building or above ground with secondary contasinment adeguate to contain a spill the size of
the conteiner's total storage capacity:

industrinl and commaercial uses in which discharge process wastewater on-site;

stookpiling snd disposal of snow and ica containing deicing chemicals if brought in from outside the
district;

storage of commercial fertilizers and soil conditions, as defined in M.G.L., c. 128, s. 84, unless such
storags is within 8 structure designated 1o prevent the genaration and gscape of contaminated runoff
or leachate;

the uee of septic systam cleaners which contain toxic or hazardous chemicals.

+  Uncovered storage of ssit in water supply areas is forbidden by M.G.L. Ch, 85 5.7A.

All towns and cities should have earth removal regulations to restrict new end existing esarth rermoval

activities. The 8 foot buffer above the high groundwater is more restrictive than the 4 fest required by DEP
for new source approval under 310 CMR 22.21.

17

includes most vehicular meintenance facilities, dry cleaners, print and photo processing operations as weil

as many industrial uses,

See however M.G.L. Ch. 40A, Section @ snd Chapter 21D, $.21,

13

Provision not required for new sourcoe approval under 310 CMR 22.21,
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C. Uses end Activities Requiring a Special Permit

The following uses and activities ere permitted only upon the issuance of a Speciel Permit by the Special
Permit Granting Authority’* {SPGA} undar such conditions as they may require:

i."*'5  enlargemant or alteration of existing uses that do not conform to the Groundwater Protection
" District;

i.'>'"  the application of pesticides, including herbicide, insecticides, fungicides, and redenticides, for non-

domastic or non-agricultural uses in accordance with state and federal standards. The special parmit

shall be granted if such standerds are met. If applicable, the applicant shou!d provide documentation

of complisnce with & Yearly Operating Plan {YOP) for vegetation management operations under 333

CMR 11.00 or & Department of Food and Agriculture approved Pesticide Management Plan or

integrated Pest Management {IPM) program under 333 CMR 12.00;

ii." the application of faertilizers for non-domestic or non-agricultural uses. Such applications shall be
made in & menner so a6 to minimize adverse impacts on groundwater due to nutrient transport,
deposition, and sedimentation;

v 1? those aectivities that involve the handling of toxic or hazerdous materials in quantities greatar than
those associated with normal household use, permitted in the underlying zoning lexcept as prohibited
under Section B). Such activities shall require a special permit 1o prevent contamination of
groundwater;

v.H? the construction ol dams or other water control devices, ponds, pools or other changes in
waterbodies or coursas, crestad for swimming, fishing, or other recreational uses, agricultural uses,
or drainage improvements. Such activities shall not adversely affect water quality or quantity;

vi. any use thet will render impervious more than 15% or 2,500 square feet of eny lot, whichever is
greater. A systsm for groundwater racharge must ba provided which doas not degrade groundwater
quality. For non-residential uses, racharge shell ba by setormwater infiltration basins or similer
system covered with natursl vegetation, and dry waells shall be used only where other methods are
infessible. For all nen-residentisl uses, s!l such basins and walls shall be preceded by oil, gresse,
and sadiment trape to tacilitate removel of contamination. Any and ell recharge areas shall be
permanently maintained in full working ordar by the owner.

"o This model bylaw/ordinance identifies, in Section 6C, a series of stendard governed uses/activities and
conditions for a special permit. A town or city may want to identify additional or more epacific governed
usas/activities or conditions thet are especially ralevant 1o its own situation. None of the special permit

requirements sre mandated by 310 CMR 22.21 axcept C.vi.

. Locsl conditions will affect how extensive this and similar provisions may bscome. If there are many
industrisl and commsrcial uses in Groundwater Protection District, and thair expansion is probable, epecific
conditions should be included in the {bylaw) [ordinanca).

' The use of herbicides and pesticidas is regulated by the Massachusetts Department of Food and Agriculture.

Aegulations (333 CMR 11.00 and 12.00) that becamae effective in January, 1992, impose strict requirements

on the epplication of specific pesticides and herbicides in Zone Il areas and will require the use of alternsative

forms of pest management, :
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7. PROCEDURES FOR ISSUANCE OF SPECIAL PERMIT

A The Special Permit Granting Authority (SPGA)' under this bylaw shall be the ___. Such special permit shall
be granted il tha SPGA detarmines, in conjunction with the Board of Heallh, the Conservation Commission,
{Town) (Ciwy) Enginaer/Dapartment of Public Works, and Planning Board thst the intent of this bylaw, as well
as its specific criteria, are mat. The SPGA shall not grant e specisl permit under this section unless the
petitioner's application materials include, in SPGA's opinion, sufficiently detailed, definite, and credible
infermation lo support positive findings in relation to the standards given in this section. Tha SPGA shall
document the basis for any departures from the recommendation of the other {town}{city} boards or agencies
in its decision.

B. Upon receipt of the special permit appiication, the SPGA shall transmit one copy to the Planning Board, Board
of Health, the Conservation Commission, and (Town}iCity) Engineer/Department of Fublic Works tor their
written recommendations.'’ Failure to respond in writing within 35 days of receipt by the Board shall indicate
approval or no dasire to comment by said agency. The necessary number of copies of the application shall
ba furnished by the applicant.

c. The SPGA rnay grant the raquired specisl parmit only upon finding that the proposed use meets the following
standards, those specifiad in Section 6 of this bylaw, and any regulations or guidelines adopted by the SPGA.
The proposed use must:

1. in no way, during construction or thereafter, adversaly affect the existing or potentisl quality or
quantity of water that is available in the Groundwater Protection District, and

2. be designed to avoid substantial disturbance of the soils, topography, drainage, vegetation, and
other water-related natural cheracteristics of the si(alto be daveloped.

. The SPGA may adopt regulations to govern design features of projects. Such regulations shall bs consistant
with subdivision regulatiocns edopted by the municipality.'®

E. The applicant shall file ___ copies of a site plan and attachments. The site plan shall be drawn st proper scale
as detarmined by the SPGA and be stamped by a professional engineer. All additional submittals shall be
prepared by qualified professionals. The site plan and ils attachments shall at & rinimum include the
following information where pertinent:

1. a complets list of chemicals, pesticides, herbicides, fertilizers, fuels, and other potentially hazardous
materials to be used or stored on the premises in qusantities greater than those associated with
normal household use:

2. for those activities using or storing such hazardous materisls, s hezardous materials management
plan shall be prepared and filed with the Hazardous Materials Coordinator, Fire Chief, and Baard of
Health. The plan shall inciuda:

. provisions to protect egainst discharge ol hazerdous materiels or wastes 1o the environment
due to spillage, accidental damsge, corrosion, leskege, or vandalism, including spill
conteinment and clean-up procedures.

b. provisions for indoor, secured storage of hazardous materials end wastes with impervious
floor surfaces;

c. evidence of compliance with the Regulsiions of the Massachusetis Hazardous Waste
Management Act 310 CMR 30.00, including obtaining an EPA identification number from
the Messachusetts Department of Environmental Protection.

M.G.L. Ch. 404, Section 9 specifies that the SPGA must be one ol the following: Board of Selectmen; Board
ot Appeals; or Planning Board. Applications should be routad to and reviewed by all town or city boards,
departmant and commissions having an interest in or responsibility for review and approval of actions taken
by the spplicent,

The SPGA is encouraged to adopt regulations to administer this (bylaw) fordinancel. The SPGA should
consider including performance and/or design standards in such regulations. This may mean changing other
regulations such as those for subdivisions.
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3. proposed down-gradient location(s) tor groundwater monitoring wellis} should the SPGA desm the
activity s potentisl groundwater threat.

F. The SPGA ehsll hold a hearing in conformity with the provision of the M.G.L. ch. 40A, 5.8, within 85 days

after the filing of the application and after the review by the (Town)(City) Boards, Dapartments end
Commissions.

Notice of the public hearing shall be given by publication and posting and by first-class mailings to "parties
of intsrest” as dafined in M.G.L. ch. 40A, 6.11. The dacision of the SPGA and any extension, madification,
or renawsl thereof shall be filed with tha SPGA and {Town}(City) Clerk within 90 days following the closing
of the public hearing. Failure of the SPGA 10 act within 90 deys shall be deemed as a granting of the permit.
However, no wotk shall commence until a certification is recorded as required by said s.11.

G. Written notice of any violetions of this (SectionHArticle){Ordinance} shall be given by the (Code Enforcernant
Ofticer}{Building Inspector) 1o the responsible psrson as soon ps possible after detection of a violation or a
continuing violation. Notice to the sssessad owner of the property shall ba deemed notice 1o the responsibie
person. Such notice shall specify the requirement or restriction violated end the nature of the violation, and
may also identify the ections necessary 1o remave of remady the violations and preventive messures required
for avoiding future viclations and a schedule of compliance. A copy of such notice shall be submitted 10 the
Building Inspector, the Boerd of Health, Consarvation Commission, (Town){City) Engineer/Depertment of
Public Works, and Water Department. The cost of containmant, clean-up, or other action of compliance shell
be borne by the owner and operstor of the premises.

For situations that require remedisl action to prevent adverse impect to the water resources within the
Groundwater Protaction District, the {Town){City) of , the Building Inspector, the Board of Health, or
any of their agents may order the owner or operator of the premises to remedy the violation. If said owner
and/or operator does not comply with said order, the (Town}(City) of

, the Building Inepector, the Board of Health, or eny of their agents, if authorized to enter upon such
premises under the terms of the special permit or otherwiee, may ect to remedy the violation. The
remadiation costs shall be the responsibility of the cwner and operator of the premises.

8. SEVERABILITY

A determinstion that any portion or provision of this overley protection district is invalid shell not invelidats any ather
partion or provision thereof, nor shall it invalidate eny speciel pormit previousiy issuad thereunder.
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MODEL FLOODPLAIN MANAGEMENT ZONING BYLAW

{Source: Growth Management Workbook. EOCD, 1388}
{Based upon a zoning bylaw adopted by the Town of Granby, Massachusetts)

FLOODPLAIN DISTRICT

2.0

2.01

2,02

2.03

2.04

Purpose
The purpose of the Floodplain District are:

a. To provide that lands in the Town of subject to seasonal or periodic flooding as described
hereinafter shall not be used for residence or other purposes in such manner as to endanger the
health or safety of the occupants thereof,

b. To protect, preserve, and maintstn the water table and water recharge areas within the Tawn so ss
to preserve present and potential water supplies for the public health and safety of the Town of

c. Yo essure the continuation of the natural flow pattern of the water coursa(s) within the Town of
in order to provide adequate and safe floodwater storage cepacity to protect persons and
property againgt the hazards of flood inundation.

Scopa of Authority

The Floodplain District is an overlay district and shall be superimposed on the other districts established by
this bylaw. Al regulations on the {town}  Zoning Bylaw applicable to such underlying districts shall
remain in effect, except that whara the Floodplsin District imposes sdditional regulstions, such regulations
shall pravail. ' '

District Delinsation

a. The Floodplain District is definad as all lends dasignated as Zone A or Zones A 1-30 on the Town
of Flood Insurance Rate Maps (FIRM), panels __{panst numbers} , effective date _{date) .

b. The floodway boundaries are delineated on the {town) Flood Boundary and Floadway Map
(FBFM) dated __{town] .
c. The FIRM and FEBFM maps are incorporated hersin by reference and are on file with the Town Clerk.

Permitted Uses

in the Floodplain District no new building shall be srected or constructad, and no existing structure shall be
altered, enlarged or moved; no dumping, filling or earth transfer or relocation shall be parmitted; nor shall any
land, building or structure ba used for any purposes except:

a, Outdoor recreation, including pley aress, nature study, boating, fishing and hunting whers otherwisa
legelly permitted, but excluding buildings end structures.

b. Wildlife management or canservation areas, foot, bicyele, and/or horse paths and bridges, provided
such uses do not affect the natural flow pattern on any water course.

c. Grazing and farming, including truck gerdening end harvesting of crops.
d. Faorestry and nureeries.
e. Dwellings lawfully existing prior to the enactmant of this bylaw.

Uses by Special Permit

2.041 No structure or building shail be erected, constructed, substantislly improved over 50 percent of
assessed market value or otherwise created or moved; no earth or other materials dumped, filled,
excavated, or transferred, unless a special permit is granted by the Zoning Board of Appsals.

2.042 The foliowing uses may be sliowed by Spacial Permit from the Zoning Board of Appeals in
accordance with the Special Permit regulations of this bylaw, and additional restrictions and criteria
contained herein:
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a. Single family detached dwelling
b. Commercial golf course, racreation, or camp facility
c. Commercial landing strip or heliport
2,043 The following additionel requirements apply in the Floodplain District:

a. Within Zane A or Zones A 30, where base fload elevation is not provided on the FIRM or
FBFM, the applicant shall obtain any existing base fload elevation data. These data will
be reviewed by tha Building Inspector for their reasonable utilization toward meeting the
slevation or floodproofing requirements, as approprists, of the State Building Code.

2.044 The following provisions apply in the Floodplain designated on the FEFM:

a. Within the Floodway designated on the FBFM, no encroachments (including fill, new
canstruction, substantial improvements te existing structures, or other development) shall
be altlowed unless it is demonstrated by the applicant that the proposed development, as
a result of compensating ections, will not result in any increase in flood levels with the
Town during the occurrence of & 100-year flood in accordance with the Federal Emergency
Menagement Agency’s regulations for the National Flood Insurance Program.

b. Any encroschment in the Floodway mesting the abovs stendard must also comply with the
floodplsin requirements of the Stete Building Code.

2.0b Additional Spsoial Permit Criteria

In addition to the Spacial Permit criteria specified in __{bylaw section} _, the Zoning Board of Appesals may
grant a Special Permit if it finds:

a. The proposed use will not create incressed flood hazards which shall be detrimantal to the
public health, safety and welfare.

b. The proposed use will comply in alf respacts to the provisions of the underlying District or
Districts within which iand is located.

c. The proposed is in compliance with ell applicoble state and federel laws, including the
Massachusetts Building Code and the Messachusetts Wetlands Protection Act (M.G.L. Ch.
131, Sec. 40|,

2.08 Prohibited Usas

The following usas are specifically prohibited and may not be allowed by special permit:
8. Solid waste Iandfiilé; junkyards, and dumps.

b. Business and industriel uses, not agriculturaf, which manufacture, use. process, store, or dispose
of hazardous materials or wastes as a principal activity, including but not limited to matal plating,
chemical manufacturing, wood preserving, furniture stripping, dry cleaning, and auto body repair,

c. The outdoor storage of salt, other de-ising chemicals, pesticides, or herbicides shall be prohibited
without suitable overheed pratection from westher and an impervious containment area 1o hold the
volume of store chemicals.

d. Drainege, dredging, excavation, or disposal of soil or mineral substances, except as nacessary for
permitted uses or usas allowed by special permit, as specified in the Earth Removal Bylaw, __{bylaw
goction] .
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MODEL RIVER PROTECTION ZONING BYLAW
{Source: Growth Management Workbook. EQCD, 1988}
{Based upon a bylaw developed for Connecticut River
communities by Pioneer Valley Planning Commission)

RIVER PROTECTION DISTRICT

3.00

M

3.02

3.03

2.04

Purposes

The purposes of the __(town]  River Protaction District are to:

a, Prormote the preservation of tha scemc qualities of the natural landscapse along the River;

b. Prevent any disruptions to the natural flow cf the river;

c. Protact fisheries and wildlifs habitat within and along the river;

d. Control erosicn and siltation;

8. Enhance and preserve existing agricultural lands, floodplains, and olhet environmentally sensitive

areas along the shoreline;
f. Conserve shore cover and encourage well-designed developments,

Scong of Autharity N ’ )

The River Protaction District is an overlay district and shall be superimposed on 1the other districts
established by this bylaw. All regulations of the _ {town) Zoning Bylew applicable to such underlying
districts shall remain in etfect, except that whera the River Protection District imposes additional regulations,

such regulations shall prevail.

District Delinaation

The area afiected by this Bylaw shall be the portion of the River under the jurisdiction of this Town,
ite shores, and landward up to two hundred {200) fest from each bank (as defined by the M_.G.L. Ch. 131,
Sec. 40}. Ali distances shall be measured in horizontal feet,

Permitted Uses

The following uses are permitted provided they are in conformance with the River Protaction Standards in
Section 3.09;

a. Agricultural production, including raising of crops, livestock, poultry, nurseries, orchards, hay:

b. Recreational uses, provided thers is minimal disruption of wildlife habitat;

c. Maintenance and repair usual and necessary for continuance of an existing uss;

d. Conservation of weter, plants, and wildlife, including the raising and management of wildlife;

a. Emergency procadures nacessary for safety or protection of property;

f. Single-family residances on frontage lo1s not requiring approval under the Messachusetts Subdivision

Control Law, M.G,L. Chapter 41.

Prohibited Uses

3.041  No altering, dumping, filling, removal of riverine materials or dredging is permitted. Maintenance of
the river may be dons under requirements of M.G.L. Ch. 131, Sac. 40, and any other applicable
laws, bylaws, and regulations.

3.042 No clear-cutting of existing vegetation and no more than minimal disruption of wildlife habitat is
permitted except in those cases where the purposes of M.G.L. Ch. 131, Sec. 40, would be
adversely affacted, as determined by the Conservation Commissian.

3.043 Al other uses not specilically permitted or eliowsd by Special Permit within the ovarlay zone are
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prohibited.

3.05 Uses By Speciel Parmit

3.051 Construction of one dock providing access to the river per parcel or set of contiguous parcals in
common ownership shall be allowed upon issuance of a Spaecial Permit from the Planning Board, as
specified in of this bylaw.

3.06 Uses By Site Plan Approval

3.081 All residential subdivisions which reqguire spproval under M.G.L. Ch, 41 shall be laid oyt in
accordance with the cluster development stendards contained in Section 3.10, and shall require site
plen approval from the Planning Boerd, as specified in of this bylaw. Each building lot and
residence within a residential subdivision shall comply with Section 3.09 of this bylaw.

3.07 Additional Site Plan Approval Criterig

3.071  In addition to the Site Plan Approvel Criteria contained in Section ___, the Planning Board shall also
consider whether uses propossd for Site Plen Approvel in the River Protection District meet the
following criteria:

a. Complies with River Protection Standards in Section 3.09 and Riverbank Cluster Development
Stendards in Section 3.10;

b. Is situated on a portion of the site that will most likely conserve shoreland vegetation and the
integrity of the butfer strip;

c. is integrated into tha existing lendscapa through festuras such as vegetative buffers and through
retention of the natural shorsline;

d. Will not resuMt in erosion or sedimentation;

o. Will not result in water pollution.

3.08 Site Plan Approval Procedures for Cluster Developments

3.081 In addition to the Site Plan Approval procedures contained in Section ___ the following procedures
shall be followed in the __ River Protection District;

a. To promote batter communication and to evoid misunderstanding, applicants are
encouraged to submit a Preliminary Plan for review by the Planning Board prior to the
application for & special permit. Such Preliminary Plans shall comply with the Town's
Subdivision Control Regulation. '

b. The Planning Board granting of site plan approval hereunder shall not substitute for
compliance with the Subdivision Control Act nor oblige the Planning Board to approve a
related Definitive Plan for subdivision, nor reduce any time periods for Board consideration
under that lew. However, in order to facilitete processing, the Planning Board shall, insofar
as practicel under law, adopt regulations establishing procedures for submission of &
combined Site Plan Approvel Application and Subdivision Review Application which shall
satisfy this section and the board’s regulations undsr the Subdivision Control Act.

c. A Site Plan Approval Application and Subdivision Review Applicetion shall be submitted to
the Planning Board. Following granting of Site Pian approval, s Definitive Plan shall be
submitted 1o the Planning Board consistent with their Subdivision Regulations ard in
substantial conformity with the approved Special Permit Application and Subdivision
Review Application, except where the Cluster Development does not constitute a
subdivision under the Subdivivion Control Law.

3.09 River Protection Standerds

3.091 Al land uses, including sll residences developsd either on frontage lots or within & cluster
development, shali comply with the following standards:
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A buffer strip extending at least ons hundrad {100} fest in depth, 10 ke measured landward
from each hank of the River shall be required for all lots within the River Protection
District. 1f any lot, existing at the time of sdoption of this bylew, doss not contain
sufficient depth, measured landwerd from the river bank, to provida a one hundred (oot
buffer strip, the buffer strip may be reduced to 50% of the availabie lot depth, measured
landward from the rivar bank.

1. The buffer strip shall include trees and shall be kept in a patural or scenic
condition.
2. No buildings nor structures shall be erected, enlarged, eltered or moved within the

buffer strip.
3. On-site disposal system shall be located as far from the River as is feasible.

All new development shall be integrated into the axisting landscape on the property so as
to minimize its visual impact and maintain natural beauty and environmentally sensitive
shoreline areas through use of vegetative and structural screening, landscaping, grading,
and placement on or into the surface of the lot.

Run-off from new development shall be directed towerds sereas covered with vegetation for
surface infiltration. Catch basins, and piped storm sewers sheil be used only whers other
methods are infeasible.

3.10  Riverbank Cluster Development Standards

3.101  Residential subdivision developments in the ____ River Protection District shall be leid out according
to the cluster development standards contained hersin. Single-family detached dwellings, or lawful
accessory buildings, may be constructed on lots in 8 cluster devolopment, although such lots have
less area on frontage than normelly required in the underlying district, as herein specified.

c.

The minimum fot size for any cluster development lot shal be 20,000 square feet. The
minimum frontage for such lots shall be 100 feet. All other dimensional requirernents shall
be the sama es in the reguiations for the underlying district.

The maximum number of dwelling units permitted in a residential cluster development shall
be calculated according to the following procedures:

1. The maximum number of dwelling units permitted on & parcel of land shslt be -
determined based upon one unit par acre for the net developable acreage
remaining onca the area of all wetlands and all areas unsuitabls for on-site sewage
disposal have besn subtracted from the totel acreage of the propeny, if
sppropriate.

2. Under the supervision of the Conservation Commission and in accordance with the
provisions of the Wetlands Protection Act, M.G.L. Ch. 131, Sec. 40, all wetlands
shall be identified, and their area subtractad from the net developable acreage of
the 1otal parcel.

3. Under the pratection of the Boerd of Heslth, and in conformanca with Title V,
percolation tests shall be conducted for ail lots in the total acreage of the property
which would be developed in a standard subdivision layout. The area of those lots
which is determined to be not suitable for on-site sewage disposal shall be
subtracted from net davelopable acreage of the total parcel.

All buildings, roads, drainage systerns and utilities shall be laid out in a manner to have the
least possible impact on the scenic qualities of the river, and on important natural resources
including prime farmlandes, wetlands, and tributary watercourses,

The raquired open land within a cluster ehall be determined as follows:

1. At least fifty (50) percent of the net acremgo remaining after the area of all
wetlands have heen subtracted shsll be retained as open land.
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2. . Open lend shall be configured in ordst 10 protact river ereas, shorelines and other
important natural resource areas such as prime farmlands to the extent feasible.

3. All open tand shall be permanently protected as providad for in Section 3.11.

e, All residential structures and accessory uses within the development shall be set back from
the boundaries of the davelopment by a bufiar strip of at least fifty {50} feet in width which
shall include trees and shsll be kept in 8 naturel or iandscaped condition.

f. The following standards shall apply to developmants requiring on-site sewage disposal;

1. The spplicant shall submit s septic system design prepared by a certified engineer
and approved by the Board of Health and a pian illustrating the location of water
supply wells with the spscial permit applications. No community septic system
sarving the development shall excead sewage flow of 2,000 gallons per day.
Septic systems shall be placed in the development to maximize the distance
betwesn systerns and shall be placed within common arees rather than on
individual lots. Meintenance of community septic systemns shall be the
responaibility of the homeowners’ association specified in Section 3,12,

2. No cluster development shall ba approved unlass the epplicant can demonstrate
to the satisfaction of the Planning Board that the potential for groundwater
pollution is no greater from the proposed cluster development than would be
expected from e conventional subdivision with single-family houses on lots
meating the normal lot size raquirements tocsted on the same parcel. Where
nacessery, the Planning Board may hire a Professional Engineer to analyze snd
cartify groundwater quality impacts. and mey charge the applicant for the cost of
such anelysis,

31 Common Space Ownership

3.111

3.112

All common open land shall be sither:

a. Conveyed to 8 community asssociation owned or to be owned by the owners of lots within
the development. If such a community association is utilized, ownership thersof shall pass
with convayances of the lots in perpstuity.

b. Conveyed to a non-profit organization, the principal purpose of which is the conservation
or preservstion of open space;

c. Conveyad to the Town, at no costs, and be accepted by it for park or open space use.
Such conveyarnce shall be at the option of the Town and shall require the approval of the
voters st 8 Town Meeting. i T i

in cases where such fand is not conveyed to the Town, a restriction enforceable by the Town shall
be recorded to ensure thst such land shall be kept in an open or natural state and not be built for
residential use nor doveloped for accessory uses such as parking or roadways. Such restrictions
shall further pravide for meintenance of the common land in a manner which will ensure its suitebility
for ite function, appearance, cleanliness, snd proper meintenance of drainage, utilities and the like.

3.12 Community Association

3.129

3.122

A non-prolfit, incorporated community assacistion shall be established, requiring membership of each
lot owner in the open space community. The community sssociation shall be responsibls for the
permanent maintenance of all community water and septic systems, commoh open space,
racreationsl and thoroughfare facilities. A community association agreement of covenant shall be
submitted with the special parmit application guerantesing continuing maintenance of such common
maintenance axpenses. Such agrsement shall be subject to the review and approval of Town
Counsel and the Planning Board,

Such agreements or covenants shall provide that in the event thet the association fails to msintain
the common open land in reasonable order and condition in accardance with the agreemant, the
Town may, atter notice to the association and public hearing, snter upon such land and maintain it
in order to preserve the taxable values of the properties with the development and to prevent the
common lend from bscoming a public nuisenca. The covenants shall also provide that the cost of
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such maintenance by the Town shall be assessed ratably against the racord owners of the properties
within the development, their successors or assigns.

3.13 Non-Conforming Uses

3.131  Any lawful use, building, structures, premises, land or paris thereof existing at the effective date
of this bylaw or amendments thereof and not in conformance with the pravisions of this bylaw shall
ba considerad to be a non-conforming use,

3.132 Any existing use or structure may continue and mey be maintained, repaired, and improved but in
na event mads larger.

3.133 Any non-conforming structure which is destroyed may be rebuilt on the same location but no larger
than its overall original square footags.

3.14  Hardships

3.141  To avoid undue hardship, nothing in this bylaw shail be deemed to require 8 change in design,
construction, or intended use of any structure for which a building permit was legally issued prior
to the effective date of this bylaw. Such construction may be complated within two years from the
affective date of this bylaw, or such construction shaell be requirad to conform to this bylaw,
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MODEL SCENIC UPLAND ZONING BYLAW
{Source: Growth Management Workbook. EOCD, 1988}
{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)

SCENIC UPLAND REVIEW

4.00

4.01

4,02

4.03

4.04

4.05

Purpoesg

The purposes of the Scenic Upland District are:

a. To preserve snd enhance areas in the Town of of natural scenic beauty including mountain,
ridges. woodad canyons, exceptional vistes or viewshuads, and related natural resources;

b. To regulate new construction, vegetation removal, filling, or excavation of land which could
adversaely affect natural resources of scenic qualities;

c. To prevent erosion, sedimentation, water pollution, flooding and other adverse impacts of
development in sensitive upland aress.

Scope of Authority

The Scenic Uplond District is an overlay district and shall be superimposed on the other districts established
by this bylaw. All regulations of the Zoning Bylaw applicable to such underlying districts ghall remain
in effect, except that where the Scenic Upland District imposes additional regulations, such regulstions shall
prevail.

District Delineation

4.021  The Scenic Upland District Bylaw shall be applied to sensitive mountain or stesp slope areas of
scenic and natural resourca value as designated on tha overlay map entitled *Scenic Upland District,
Town of ", on fila with the Town Clerk.

4.022 The Scenic Upland District is intended to include those mountain or upland areas which have one
or mote of the following cheracteristics:

a. Steep slopes greater than 15%.

b. Uniqus landforms, including bedrock outcrops, till-covered hills, oeological rarities, cliffe,
- or other unuaual topographic (eatures;

c. Areas of high visual amenity including ereas with scenic views, farmlands, stresms.
wetlands, waterways, and forestad siopas.

Permitied Uses

8. Agricultural production, including raising of crops, livestock, poultry, nurseries, orchards, hay;
b. Recreational uses, provided there is minimal disruption of wildlife habitat;

c. Maintanance and rapair ususl and necessary for continuance of an existing uee;

d. Conservation of water, plants and wildlife, including the raising and maeanagernsant of wildlife.
e. Uses permitted under M.G.L. Chapter 40a, Section 2 with the limitstions imposed therein.

Prohibited Uses

All uses not permitted in Sactions 4.03 or 4.05 shall be desmed prchibited,

Usas Patmitted With Scenic Uplend Review

The following uses shall bs permitted subject to Scenic Upland Review of project site plans prior to the

Page D-34 Nonpoint Source Management Manual B

o

o1y



4.06

4.07

issuanca of a building permit or Special Permit or approval of a definitive plan under the Massachusetts
Subdivision Control Law:

Any construction or significant alteration of any.dwelling or other structure, if any such action
affocts the exterior appesrance. A significant alteration is defined as any slteration excesding __
parcent of the existing square footage of the structure, or which adds to the height of a structurs,
or which substantially elters the visual profile of the property or structures thereon;

Any commaercial of industrial use allowed by Special Permit in the underlying district;

Any subdivision which requires approval under the Massachusetts Subdivision Controli Law, M.G.L.,
Ch. 40,

Scenic Upland Review Bosrd

4.081

4.082

4.083

In accordance with the provisions of Chapter 40A of the Massachusstts General Laws, 8 Scenic
Upland Review Board shall review applications and site plans for all actions that are subject to this
bylaw, end shall make recommendations to the Building Inspector, Planning Board or Zoning Board
of Appeals as described in Section 4.08 concerning the conlermance of the proposed action to the
design and davelopment standsrds contained herain,

The Scenic Uplend Review Board shall consist of five members, two of whom are registered
architects, landscepe architects, or persons with squivalent professional training, and ong of whom
owns property in the affected aress. Appointments to the Seenic Upland Review Board shsll be
made by the Board of Salactmen, -

The terms of all members of the Scenic Upland Review Board shall be three years, except that when
the Boerd is originally estsblished, the Board of Selectmen shall meke two of their appointments for
a thres-year term, two appointments for a two-year 1erm, and the remasining eppointmaent shall be
for @ one-year term.

Application Contents and Proceduras

4.071

4.072

4.073

Applications for all actions subject to review by the Scenic Upland Review Board shall be made by
compieting an application form and site plan and submitting it to the Building inspector. Application
forms are available fromn the Olfice of tho Building Inspector.

AH epplications to the Scenic Uplend Review Board shall inciude all information required by the rules
and regulations of the Scenic Upland Review Board, as applicable, in addition to any other
information that is required under this bylaw as part of an applicstion for a special permit variance
or building permit.

To facilitate siting and design of buildings sansitively relatad 1o the natural setting, application for
Scenic District Review of proposed development in the scenic district must be accompanied by a
site plan which describes or illustrates:

a. The location and boundaries of the lot, adjecent streets or ways, and the location and
owner's names of all adjacent properties;

b. Existing end proposed topography including contours, the location of wetlands, streams,
waterbodies, drainage swalas, arees subject to flooding and unigue netural land features;

c. Placement, height and physical characteristics of all existing and proposed buildings and
structures located on the development site;

d. Architectural rendering illustrating design of sll proposed structures;

e, Proposed landecape features including the location and a description of screening, fencing,
and planting;

f. View pointe - Photographs of the deveiopment eite taken from points along the straet,

togather with a map indicsting the distance between these points and the site;

g. The location of parking and loading areas, driveways, walkways, access and egress paints;
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h. Ths location and a description of all proposed septic systems, water supply, starm drainage
systems, utilities, end refuse, snd other waste disposal mathods;

i. Ths location and a description of proposed open space or recreation areas;

' . Messures to ba underteken during and after construction to prevent erosion, sedimantation,
floeding, or water pollution.

4.08 Review Procedures

4.081 Upon receipt of an application for Scenic Upland Review, the Building Inspector shall immediately
transmit the application to the Scenic Uplsnd Review Board, The Scenic Upland Review shall review
the application and return its recommendations in writing to the Building Inspector within thirty-five
{35} days of the raceipt of the application. If the application for Scenic Upland Review is associated
with an spplication for a variance, specisl permit, or subdivision review, the Scenic Upland Raview
Boerd shall immediately transmit their recommendstions to the Planning Board or Zoning Board of
Appeals as appropriate.

4.082 If the Scenic Upland Review doss not submit its recommendations to the Building Inspector within
thirty-five {35} days, such failure to act shall constitute sppraval of the application.

4.083 The Scenic Upland Review Board’s action shall be advisory and shali consist of sither:

a. A determination that the proposad project will constitute a suitable development and is in
compliance with the criteria ast forth in this bylaw;

b. Approval subject to conditions, modifications, and restrictions as the Scenic Upland Review
Board may deem necessary.

4.084 The applicant shall be given written notice of the public meeting at which their application will be
reviewsd, and shall be given an opportunity to be hesrd on the application.

4.085 Tha Building Inspector, Planning Bosrd, and Zoning Board of Appeals shall, in meking their permit
granting decisions, give due consideration to tha Scenic Upland Review Board's recommendations,
and shall communicate all subsequent decisions to said Board.

4.09 Scenic District Review Criteria

4.091  Scenic District Review should ensure that when man-mede structures are built in scenic areas, they
are gonsitively ralated to the natural setting and that special consideration has been given to their
siting and desian.

4,082 A Scenic District application may be approved where consistent with the following criteria:

a. Buildings, buifding materials, and landscaping are designed and located on tha site to blend
with the natural terrain and vegetation and preserve the scenic character of the sits;

b. Where public views will unavoidably affected by tho proposed use, architectural and
Ilandscaping measures have been employed 50 85 to minimize significant degradation of the
sxisting scenic or aesthatic qualities of the site;

c. Safeguards have been empioyed where neaded to mitigate against environmental
degradation from erasion, sadimentation, water poliution, or flooding.

4.1¢ Design and Bevelopment Standards

All applications for Scenic Upland Design Review shall comply with the following design and development
standards:

4.101  Siting of Structures

a. The placement of buildings, structures, or signs shall not detract from the site’s scenic
qualities or obstruct significant views, and shall blend with the natural landscaps.
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Building sites shall be directed away from the crest of hills in order to presarve the visual
integrity of the district,

Deavelopments for more than one structure shall incorporate variable setback, multiple
oriantations, and other site-planning techniques to avoid the appeerance of a solid line of
development,

Foundations should be constructed to reflect the natural slope of the terrain. Excessive
support members or mechanical systems should be covered or screened,

4.102 Building Materials, Colors, and Architectursl Style

Natural building materials which blend with the natural landscape, such as brick, stone,
masonry or wood should be emphesized in the design of the exterior.

Architactural style shall reflect the traditional New England character of community,

In seiscting exterior colors for structures, reference shall be given to "sarth” colors, such
as olive, ochre, sienna, gray, gray green, gray blue, etc. Warm colors may be appropriste
for small accessory uses or for design details.

Business or industrial uses other than restaursnts, recreational uses or travei-ralated uses
such as gasoling service stations and roadside stands are to be conducted entirely within
enclosed buildings.

4,103 Landscaping end Site Preparation

b.

In landscaping, preference shall be given to native trees and plants.

The removal of native vegatation or trees shall be minimized to the extent feasible in
clearing sites for new structuras or roads. Selective clearing of vegetation may be
permitted where views may be presently obscured by such vegetation adjoining or within
200 feet of 8 public or private way, subject to approval of the Scenic Upland Review Board.

Retaining wells may be used to create usable yard space in the side and vesr yard,
Retaining walls in the exposed side and downhill portions of a iot shall be screened with
appropriate landscaping materials,

Any grading or earth-moving operation in conjunction with a proposed developmant shall
be planned end executed in such manner that finel contours are consistent with the existing
terrain both on and adjacent to the site.

4.104 Accessory Uses and Utilities

4,105 Signs

c.

Utilitias shall be canstructed and routed underground except in those situations where
natural features prevent the undarground siting or whers safety considerations necessitata
above-ground construction and routing. Above-ground utilities shall be constructad and
routed 1o minimize dettimental effects on the visual setting.

Potentially unsightly accessory uses such as parking lots, storage areas, equipment shads,
asbove-ground swimming pool, and communications towers shall ba located in areas not
visibie from streats, or shall be screensd by dense evergroen plantings or landscaped
aarthen barms.

Antsnnge shall not be silhoustted against the view, prefarably not mounted on roof.

Signs shall be constructed and loceted on the site so as 10, as nearly as possible, satisfy
the standards in Saction 4.101{a}.

Signs shall be of the minimum size and height necessary for identification of the business,
end shall be loceted on the building premisas,

Signs shall not be internally illuminated. Signs shall be illuminated only with steedy,
stationary, shielded light sources directed solely onto tha sign without causing glare,
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4.106 Pravention of Water Poltution and Flooding

a. Storage and/or transmission of patroleum or other refined patroleum products is prohibited
excapt within buildings which they will heat. Petroleum products stored within a building
shall be placed on a diked, impermeable suriace to prevant spills or leaks from reaching
groundwater,

b. The amount of sanitery waste discharged to an on-site sawerage system shall not excead
330 gsllons per day per acre.

c. All run-off from impervious surfaces shall be racharged on the site by -being diverted to
starmwater infiltration basins covered with natural vegetation. Stormwaeter infiltration
basins must be designed to handle a 25-year storm. Dry wells shall be used only whera
other methods are infaasible, and shsll ba precedad by oil, grease, and sediment traps to
facilitate removal of contemination. Any and alt recharge areas shall be permanently
rnaintained in full working order by the owner.

4.107 Prevention of Erosion and Sedimentation

Mo area or areas totalling two (2) acres or more on any parcel or contiguous parcels in the same
ownership shall have existing vegetstion clear-stripped or be filled eix (8) inches or mors so as 10
destroy existing vegetation unless in conjunction with agricultural activity or unless necessarily
incidental to construction on the premises under a currently valid building permit or unless within
streete which are either public or designatad on an approved subdivision plan or unless a special
perrnit is approved by the Planning Board on the condition that run-off will be controllad, erosion
avoided and either a constructed surface or cover vegétation will be provided not later then the first
full spring sesson immaediately following completion of the stripping operation. No stripped area or
oreas which ars allowed by spacial permit shall remein through the winter without a temparary cover
of winter rye or similar plant materials being provided for scil control, except in the case of
agricultural activity where such temporary cover would be infeasible.

Sadiment and erosion control measures shall be employed to minimize such impacts during and after
construction, in accordance with guidelines established by the U.S. Soil Conservation Service
"Guidelines for Soil and Water Conservation in Urbanizing Aress of Massachusetts.”
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MODEL WETLANDS PROTECTION BYLAW

_{Source: Growth Management Workbook. EOCD, 1988)
{Based upon a bylaw adopted by the Town of Amherst, Massachusetts)

WETLAND PROTECTION BYLAW

5.00

5.01

5.02

Purpose

The purposes of this bylsw are to protect the wetlends, related water resources, and adjoining land areas in
the Town of by prior review and control of activities deemed by the Conservation Commission likely
to hava a significent or cumulative effect upon wetland velues, including, but not limited to the following:
public water supply, private water supply, groundwater, flood control, erosion end sedimentation control,
storm demage prevantion, prevention of water pollution, fisheries, wildlife, wildlife habitat, recreation, and
assthetic values; these values are to be known collectively as the "wetlands protectad by this bylaw.”

Jurisdiction

Except as permitted by the Conservation Commission or. as provided in this bylaw, no parson shell remove,
fill, dredpe, build upon, or alter the following resource areas:

a. Any freshwater wetland, riverine wetiands, marsh, wet meadow, bog or swemp, or within one
hundred {100} feet of said arees:

_ b. Any bank or beach, or within one hundred {100} faa_t_ of said aress;
c. Any lake, river, pond, or stream, whether intermittent or continuous, natural or man-made;
d. Any land under aforeseid waters;
e, Any land subject to flooding or inundation by groundwater, surface water, storm flowage, or within

one hundred {100} feet of said areas;

1. Isolated wetlands inciuding Kettle holes, or within one hundred (100) feat of said areas;
g- Seagonal wetlands, or within one hundred [100) fest of said sress.
Exceptions

The application and permit raquired by this bylaw shali not be required for msintaining, repairing, or replacing,
but not substantially changing or enlarging {more than 50% of structure area), an existing or lawfully located
structure or facility used in the service of the public ta provide electric, gas, water, telephone, telegraph or
other 1elecommunication services, sanitary sewars and storm sewaers, provided that the structure or facility
is not substantially chenged or enlarged, provided that written notice has been given to the Commission st
lease forty-eight (48} hours prior to commencement of work, and provided that the work conforms 1o
performance standards in regulations adopted by the Commission,

Thae application and parmit required by this bylaw shall not apply to emergency projects necessary for the
protection of the health or safety of the public, provided that the work is to be performed by or has been
ordered to be performad by an egancy of the Commonwaalth or a politicel subdivision thereo!, provided thet
advance notice, oral or written, has been given to the Commission prior to commencement of work or within

" twenty-four (24) hours after commencement, provided that the Conservation Commission or its agent certifies

the work as an emaergency project, provided that the work is performed cnly for the time and place certified
by the Conservstion Commission for the limited purposes necessery 1o abate the emergency, and provided
that within twenty-one (21) days of commencement of an emergency project a permit applicetion shall be
filed with the Commission tor review as provided in this bylaw. Upon feilure to meet thess end other
requirernents of the Commission, the Commission may, after notice and public hearing, revoka or modify an
emeargency project approval and order restoration and mitigation measures.

The application and permit required by this bylaw shal! not be required for work performed for the normal
maintenance or improvemant of lends in agricultursl use.

The application and permit required by this bylaw shall not be required for work performed when covared by
a proper notice of intent/forest cutting plan as filed under M.G.L. ch. 132, sect, 40-46. (Forest Cutting
Practices Act).
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5.03 Reguests for Determinations end Applications for Permits

Any person desiring to know whether or not & proposed activity or an area is subject to this bylaw may
request in writing a determination from tha Commission. Such a requast for detarmination shall contain data
and plans specified by the regulations of the Commission,

The Commission in an appropriate case may Bccept as the request under this bylaw the Request for
Determinstion of Applicability filed under the Wetlands Protection Act, G.L. Ch. 131, Sec. 40,

Written application shall be filed with the Commission to perform activities regulated by this bylaw affecting
resource aress protected by this bylaw. The application shell include such information and plans as ares
deemead necessary by the Commissian to describe proposed activities and their effects on the environmant,
No activities shsall commence without raceiving and complying with a permit issued pursuant to this bylaw.,

The Commission in an appropriate case may accept as the application and pleans under this bylew the Notice
of Intent and plans filsd under the Wetlands Protaction Act, G.L., Ch, 131, Sec. 40.

At the tima of an applicetion reguest, the applicant shall pay & filing fee specified in regulations of the
Commission. This fee is in addition to that required by the Wetlands Protection Act, G.L.. Ch, 131, Sec. 40,
In addition, the Cormmissionis authorized to reguire the spplicant to pay the costs and expenses of any expert
consultant deemed necessary by the Commission to review the application. The Commission may waive the
filing fee and costs and expenses for an spplication or request filed by a government agency, and may waive

. the filing fee for a request tor determinetion filed by a person having nc finencial connection with tha property
which is the subjsct ot the request.

5.04  Public Notice and Hearings

An applicaiion or a request for determination ahall be hand dslivered or sent by certified mail to the
Commission. The Commission shali notify all abutters according to the most recent records of the sssessors,
including those acroas a traveled way or body of water. The notica 1o sbutters ehall state where the request
or application, including any accompanying documents, may be examined or obtained. When a person
requesting & determination is other than the owner, the request, the notice of the hearing, and the
determination itself shall ba sent by the Commission to the owners as well as to the person making a request.

The Commission shall conduct a public heering an any application or request for determination, with written
notice given at the expanse of the applicant, five {5) working days prior 10 the hearing, in a newspaper of
general circulation in the Town of . The Commission in an appropriate case may combine its hearing
under thie bylaw with the hesring conducted under the Wetlands Protaction Act, G.L., Ch. 131, Sec. 40,

The Commission shall cammeance the public hearing within twenty-onse (21) days from receipt of a completed
application or requnst for determinatian, unless the applicant extends the twanty-one {21} day time period
by & signed written waiver.

The Commission shall have asuthority to continue the hearing to a certsin date announced at the hearing or
to an unspecified date, for reasons stated st the hearing, which may include the receipt of additional
information offered by the applicant or others, information and plans required of the spplicant, deemed
necessary by the Commission in its discretion, or comments and recommendation of boards and officials
fisted in Section 6. If a date for continuation is not spacified, the haering shall reconvene within twenty-ona
(21) days atter the submission of a specified piece of information or the occurrence of & specified action,
The date, time end place of seid continued hearing shall be published in 8 newspeper of general circulation

. in the Town of . fiva [B) working days prior to the continuation, at the expense of the applicant, and
written notice shall ba sent 10 any person who so requests in writing.

The Commission shall issus its parmit or datermination in writing within twenty-ona {21) daye of the close
of the public hearing thereon,

5.06 Coordination with Other Boards

Any person filing a permit application or a request for determination with the Commission shall provide written
notice theracf at the sama time, by certifiad mail or hand delivery, to the Board of Salectmen, Planning Board,
Zoning Boerd of Appeais, Board of Heatth, Town Engineer, and Building Commissionsr. The Commission shal
not take final action until such boards and officials have had fourteen (14} days from receipt of notice to file
written comments and recommendations with the Commission, which the Commiesion shall take into account
but which shall not be binding on the Commission. The applicant hall have the right to receiva any such
comments and recornmendations, and to respond 1o them at a hearing of the Commission, prior to final action.
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5.06

5.07

5.08

Datermination, Permits and Conditions

e

The Commission shall have ths authority, after a public hearing, to determine whether & specific parcel of land
conteins or doss not contain resource areas protected under this bylaw. It 1the Commission finds that no such
resource areas are present, it shall issue a negative determination.

If the Commission, after a public hearing on the permit application, determines that the activities which are
the subject of the application ara likely to heve e significant or cumulstive detrimental effect upon the wetland
values protected by this bylaw, the Commission within twenty-one {21) days of the close of the hearing, shall
issue or deny a permit for the activities requestaed. If it issues & permit, the Commission shall impase
conditions which the Commission dearns necessary or desirable to protect those velues, and ell activities shall
be dons in accordance with those conditions.

The Commission is empowered to deny a permit for failure to meet the raquiremants of this bylaw, for failure
to submit necessary information and plans requested by the Commission; for failure to maet the design
specification, performance standerds, and other requirements in reguistions of the commission; for failure to
evoid or prevent significant or cumulative detrimentsl effects upan the wetland values protacted by this
bylaw; and whera no conditions are adequate to protect those values.

A parmit shall expire three years from the date of issuance. Notwithstanding the abovae, the Commission in
its discretion may issus a permit expiting five years from the date of issuvance for racurring or continuous
meintenance work, provided that annual notification of tims and location of work is given to the Commission.

. Any permit meay be renewed once for an additional ong year period.

For good cause the Commission may revoke or amand a permit issued under this bylaw after public notice
and public heering, and notice to the holder of the parmit.

The Commissionin an appropriate case may combine the permit or other action on an application issued under
this bylaw with the Order o! Conditions or other action issuad or taken under the Wetlands Protection Act,
G.L., Ch.131, Sec. 40,

Regulations

After public natice and public hearing the Commissions shail promulgate rules and reguiations to accomplish
the purposes of this bylaw. These regulations shall be consistent with the terms of this bylaw. The
Commission may emend the rulas and regulaticns after public notice and public hearing.

Failure by the Commission to promuigate such rules and regulations or a legal declaration of their invalidity
by a court of law shall not act 1o suspend or invalidate the effect of this bylaw.

Unless otherwise stated in this bylaw or in the rules and regulations promulgated under this bylaw, the
definitions, procedures, and performance standards of the Wetlands Protaction Act. G.L. Ch. 131, Sac. 40
and associated Regulations, 310 CMR 10.00 as promulgated April 1983, shall apply.

Definitions

The following definitions shail apply in the interpretation and implernentation of thie bylaw:

The term "person” shall include any individusl, group of individusls, sssocistion, pertnership, corporation,
company, business organization, trust, sstate, the Commonwsalth or political subdivision thereof to the
extent subject to town bylaws, administrative agency, public of quasi-public corporation or body, this
municipality, and any other legal entity, its legal representatives, agents, or assigne.

The term "alter" shall include, without limitation, the following activities when underteken to, upon, within
or atfacting areas protected by this bylaw:

a. Removal, excovation or dredging of soil, sand, gravel, clay, minerals, or aggregate materisis of any
kind;
b. Changing or pre-existing drainage characteristics, flushing characteristics, salinity distribution,

sedimentation patterns, flow patterns, or flood retention characteristics;
€. Drainage, or other disturbonce of water level or water tablg;

d. Dumping, discharging, or fifling with any material which may degrade watar quality;
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5.09

5.10

5.11

B.12

b.13

e. Placing of fill', or removal of material, which would alter slevation;

t. ~ Driving of piles, erection or repair of buildings, or structures of any kind:
- Placing of obstructions or objacts in water;
h. Destruction ol plant lite including cutting of trees;

i Changing water temperature, biochemical oxygen demand, or other physical, chemical, or biclogical
characteristics of surface and groundwater;

i Any activities, changes or work which may cause or tend to contributa to DOHUUUN of any body of
water or groundwater.

Security

As part of B permit issuad under this bylaw, in addition o any security required by any other municipal or
state board, agency or official, the Commission may require that the performance and observance ol the
conditions imposed hersunder ba secured wholly or in part by a proper bond or deposit of money or negotiable
securities or other underteking of financial responasibility sufficient in the opinion of the Commission.

In addition or in the alternetive, the Commissionmay accept as security a canservaetion restriction, sasement,

or othet covenant enforceable in a court of lew. executed and duly recorded by the owner of record, running
with the land 1o the benaht of this municipality and observed befors any lot may be convayed other than by
mongage deed.

Enforcement

The Commission, its agents, officers, and employees shall heve the suthority to enter upon privately owned
land tor the purpose of performing their duties under this bylaw and may meke or cause to be made such
exsminations, surveys, or samplings as the Commission deems necessary.

The Commission shall have authority 10 enforce this bylew, its regulations, end permits issuad thereunder by
violation notlcos, administrative orders, end civil and cniminal court actions.

Upon request of the Commission, the Selectboard and the Town Counse! will take legal action for
enforcement under civil law. Upon requast of the Commission, the Chief of Polics shall 1aks legal action for
enforcement under criminal law.

Any person who violates any provision of this bylaw, regulations thereunder, or permits issued thersunder,
shall be punished by a fine of not more than three-hundred dollars ($300). Each dsy or portion thereof during
which a viclation continues shall constitute a separate offense, and aach pravision of the bylaw, regulations,
or parmit viclated shall constitute s seperate offense. This fine may be in eddition to any levied under the
Wetlands Protection Act, G.L., Ch. 131, Sec. 40.

in the alternative 1o criminal prosecution, the Commission mey elect to utilize the non-criminal disposition
procedures set forth in G.L., Ch. 40, Sec. 21D.

Burden of Proof

_The applicant for a permit shall have the burden of proving by a preponderance of credible avidence that the
work proposed in the application will not have any significent or cumulative datrimental effect upon the
watland values protected by this bylaw. Failure to provide sdequate evidence to the Commission supponting
this burden shall be sutficient cause for the Commission te deny a permit or grant a psrmit with conditions.

Relation to the Watlands Protection Act

This bylaw is adopted under the Home Rule Amendment of the Massachusetts Constitution and the Hone
Rule statutes. independent of the Wetlands Protaction Act, M.G.L., Ch. 131, Sec. 40, and the regulations
theraundar,

Severability

This invalidity of any section or provision of this bylaw shall riot invalidate any other section or provision
thereof, nor shall it invalidete any psrmit or determination which previously has been used.
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REGULATION PROVIDING FOR SEPTIC SYSTEM INSPECTION
UPON SALE OF PROPERTY OR CHANGE IN USE

{Based on Health Regulations passed in Whatley, Sunderiand and Gill,
Massachusetts, effective Feb., 1991)

1 INSPECTION OF SEWAGE DISPOSAL SYSTEMS PRIOR TO TRANSFER OF REAL ESTATE OR CHANGE IN

USE.
A, Purpose end Authority

1. Authority. These regulations shall be effective on and after [_date ] and so remain until
modified or emended by the Board of Health. They are enacted by the board of health
under authority which includaes, but is not limited to one or more of the following:
Massachusetts General Laws, Chapter 111, Sections 31, 122, 122A, 127, 143, 155, 187,
188, 310 CMR (Code of Massachusetis Reguiations} 11.02. Board of health regulations
are an exercise of the police power under which the various levels of government are
rasponsible for protection of the public health, safety and welfare.

2. Purpose. This regulation of the board of health has baen enacted for the purpose of
protection of the public heslth, safety and welfare, by idantifying failled, or otherwise
inadequate subsurface sewnage disposal systemns, and correcting eny deficiencies which
may exist. It is also intended to ensure that systems are not used for purpases for which
they waere not designed.

afinitions,

CHANGE OF USE - is when the use of the property is altered or extended in any way.

DEVELOPED PROPERTY - is any resl gstate with a human-made structure used or intended for
hurnan occupancy or ues, or with an axisting subsurface sewage dispossi system located on the
property, or both.

FAILED SYSTEM - is defined as & septic system in which there is avidence, based upon the
inspectian required by this regulation, of one or more of the following problems:

a. sewage flow to the surface or into any waters of the Commonweslth,

b. outiet tee or baffle is not in place or is damagad in the septic tank,

c. inlet tas or baffle is not in piace or is damaged in the saptic tank,

d. liquid tevel in tank is above the tank outlet,

e. atter or during tank pumping, liquid is observed flowing from the cutlat baeck into
the tank,

f. leaching facility is not in plece after the septic tank,

a. any other problem, as definsd by the board of health, representing an sctual threat

to the public health.

INSPECTION - shall consist of the following:

a. visual inspection of the ground surface around the septic system to fook for signs of sewage or high
ground water,

b. raview of all avsilable records and inquiry to the owner, installer, and board of health, to identify,
i_f possible, location and type of leaching facility and distribution box,

c. review of all available records and inquiry to the owner and licensed plumbers, to datermine, if
possible, how often the septic tank has been pumped during the two years precading the inspection,
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d. location of all domaestic water supply wells, lakes, ponds, sireams, and watercourses, within one
hundred feet {100} of the leaching facility if its iocation can be determined, or, if the location of the
leaching facility cannot be determined, within ona hundred fest {100’} of the septic tank,

o. opening the septic tank and pumping out its contents,

f. datermine materials of tank construction,

0. fill the bathtub with water and releasing, checking for slow wastewater discharge to 1the system,

h. personal observetion, by a registered professional engineer or registered seniterian, of the purmping
of the septic tank. A representative of the board of health must be present for the obsarvation to
be valid,

i recording cbservations of the following:

(1} address and owner of 1ank,

{2) datermine tank construction material,

{3} the amount of saptage pumped from the tenk,

4 whather an outlet tee or baffle is in place and not demaged in the septic tank,

{5) whather an inlat 1ea or baffle is in place and not damaged in the septic tank,

{8) whether the liquid level in tank, prior to pumping, is above the tank outlet,

N whetl'_ner liquid is observed flowing from the outlet back into the tank during or after
pumping.

Nothing in the foregoing definition of INSPECTION is intended to reguire any registerad professional engineer or
registered sonitarian to excavate or diractly certify the condition of any leaching facility, distribution box, or septic tank
inlet/outlst lines. This definition adopts the approach that visual inspection of tha property, inspection of any available
records, and observation of pumping of the septic 1ank, together provide a reasonabls indicator of the functioning of
the saptic system. Any opinion or certification provided by the registered professional engineer or registerad senitarian
is based solely upon this limited inspaction.

OWNER - means gvery parsen who slong or severally with others {a) has legal title to any developed property, or {bj
has care, charge, or control of the developed property, in any capacity including but not limited to agent, exacutor/rix,
administrator/rix, trustee, or guerdian of the setate of the holder of legal title, or {c} mortgagee in possaasion, or {d}
agent, truetes, or other person appointed by the courts, or {g) any officer or trustee of the association of unit ownaers
of a condominium,

REAL ESTATE TRANSFER - is any sale or conveyance of real estate, except:

a. conveyance or devise of the property to & surviving spouse,
b. a sale under & power of sale contained in & bone fide recorded mortgage affacting the property,
e, in the case of joint ownership, if the property is conveyed to one of the original joint owners,

SEPTIC SYSTEM - is the septic tank, distribution box {if svailable), snd surface land area of the lot on which ths
systern is most likely located, unless exact location is known.

C. Inepection of Existing Sewage Disposal Systems

1. Tha inspectian of existing commercial and residantial sewage systems shall be the responsibility of
the owner and resl estate agent if spplicebls, prior 1o real estate transters or change in use.

2. The owner of a developing proparty shall crder and complate an inspection of the existing subsurface
sewage system not more than one hundred eighty {180) days and not less than thirty (30} days prior
to the time of transfer of the real estete, or of a changs in use. The Board of Heelth may, at its
discretion, grant a variance in thase time limitations.
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For the purpose of this regulation, reference is made to the stendards and provisions of Titla & of
the State Environmental Code (310 CMR 15.00}, and to eny applicable regulations of the Board of
Heslth for subsurface sewage disposal,

In the case of a change of use, the applicem shall have the responsibility of proving to the Board of
Health that the septic system s adequate tor safely handling the proposed change of use.

After an inspection by, a registered professional engineer or registered sanitarian, that engineer or
sanitarian shall {ile an Inspection Farm with the Board of Health, and shall provide copiss to the
ownaer or seller, seller's ettarney, seller’s real estate broker/salesperson, and buyer, stating whether
the system is believed to be in oparational, or feiled condition, basad upon the inspection required
by this regulation, and whather the system is adequate for a propased change in use. The filing with
the Board of Health shall be accompanied by a fiting fee, in an amount to be established by the
Board of Health.

D. Exemptions

1.

Any new or replacement Title 5 system having been installed and having received final inspection
approval by the Board of Health within a pericd of five years preceding the transfer of the property,
shall be exempt from this regulstion, providing additional living space which exceeds the capacity
has not been added, nor has anything been added to the hause which is not in accordance with the
original approved design of the system: such as a garbage grinder, addition, or roof drains, And
further providing that there has baen no change in intended use. A copy of the Disposal Warks
Construction Permit end Certificate of Compliance, as approved by the Board of Hesith must be
submitted, together with the filing fee, in lieu al the Inspaction Form not less than thirty days prior
to each trancfer. : N ' ’

Real estate transfers, which are otherwise subject to this regulation, and which take place within
two {2) years following the date of an inspection under this regulation nnd found to bs in oparational
working order, may be exempt from the inspection raquirement, but not the pumping requirement
as found in this regulation, upon review and approval by the Bosard of Heelth. A copy of the original
nspeetion Form must be submitted, together with & new filing fes, 10 the Board of Health for review
thirty (30) days prior to the real estate transfer. Systems that were found to be in & failed condition
are roguired 1o be repaired and 1o be inspected prior to a real estete transfer, uniess mesting the
requirements of paragraph three below. The Board of Heeith may, in its discretion, provide for
review in a period less then thirty (30) days. There shall be a fee, in an amount to be established
by the Board of Haalth, for any reinspaction.

Sellers and Buyers who transfer an existing structure with the intent to replace the existing septic
system with a system in compliance with Title 5 of the State Environmental Codes and all epplicable
lacal bylews and regulations, may submit, together with the filing fee, an applicatian to the Board
of Health for exemption from this regulstion. The Seller and the Buyer together must apply in writing
showing that both parties have agreed to the arrangement and accept joint responsibility for seaing
that the new system is installed. The application for exemption must include a written statement
from a registered prolessionsl engineser or registered sanitarian (a) that he/she has bean placed under
contract by the parties to design the replacement system and {b} thet a replacement septic systam
in compliance with Title 5 of the State Environmental Code, and any applicable local reguiations, can
be installed on the property, and (c) that all work necessery for installation of the replacement septic
systern will be completed by a stated date, which must be within one year from the date of transter.
The repairfreplacement wark may not be done by the same professional engineer or professional
sanitarien or associsted firms as conducted the criginalinspection under this regulation. Applications
under this paragraph may be granted or denied at the discretion of the Board of Health,

E- Enforcement

1.

It it is determined by the Board of Henlth that the system constitutes a dangor to the public hesith,
the board shall arder the owner 10 make repairs/replacemant of the system, in accordance with all
applicable laws and reguiations, within a time limit to be determined by the Board of Health. 1f the
work is not completed within the time designated by the Board of Heslth, the board may impose
fines and may repeir or replace the systern at the cost of the owner. The repair/replacement work
may not be done by the same professional engineer or professionsl sanitarian or associated firms
as conductad the original inspection under this regulation.
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If it is determined by the Board of Health that the system is inadequate for a proposed change in
use, the board shall require the upgrading of the systems 1o meat the anticipated use, in accordance
with sll applicable laws and regulations, within a tims limit to ba determined by the Board of Health.
If the work is not completed within the time designated by the Board of Health, the board may
impose fines and may repair or replaca the sysiem at the cost of the owner. The upgrading work
may not be done by the seme professional engineer or professional saniterian or associated firms
as conducied the original inapection under this regulation.

In eddition to any other remedy, the Board of Health may teke any enforceament action deemed
appropriate and lawful, including but not limited ta criminal prosecution, to seek s fine in accordance
with Chapter Ili, Section 31, or Civil Action for injunctive reliaf or money demages or both.

The Board ol Health is authorized to issue notices of violation, cease and desist orders, or other
administrative enforcement crders to compel compliance with these regulations.

Afier an inspaction by a registered professional engineer or registered sanitarian, that engineer or
saniterian shall file an inspection Form with the Board of Health, tagether with the required filing fee,
and shall provide copies to the Board of Heslth, tha seller, and buyer, etating whether the system
is in operational condition or needs to be repaired. A representative of the Board of Health must be
present during said inspection in order for it to be velid.

Each part of thie regulation shall be construed as separate to the end that if any paragraph,
santence, clause or phrase therso! shall be held invalid for eny reessan, the remsinder of that
regulation and all other regulstions shall continug in full force.

F. Instructions for Inspections

NOTE: See the definition of INSPECTION in Section B of this regulation, as well as the definitions of FAILED

SYSTEMS.

1.

The Inspection by the registered professional engineer or registered e=nitarien shall take place no
mote than one hundred eighty {180) days nor less than thirty {30} days prior to the resl estate
trensfer, or change in use. A representative of the Board of Health must be present at said
Inspection. The Baard of Health must receive the inspection Form within seven (7) days of the
inspection, In addition, the copies must be given 10 the owner and to the buyer at that time.
Ingpection Forms are provided by the Board of Health.

I the inspection finds evidence ot a failed eystem, the Board of Health shall determine within
fourtesn {14} days after receiving the Inspection Form, whaether the system constitutes a danger or
potentiel danger to the public heslth and should be repaired or replaced. By the and of the fourteen
day time period, the Board of Health must notify the owner by certified or registered mail, with
return receipt requested, whether the system must be repaired or replaced, or that some other
svailable alternative must be pursued. Follow-up inspection{s) may be required by the Board of
Health. A reprasentaiive of the Board of Health must be present st such an inspection. There shall
be » fee for sach foliow-up inspection.

The time allowad for the repair or replacement will be determined by the Board of Heslth and will
be contained in the letter of notification to the owner.

If repair or replacement is required, the owner must conduct the site inspection as provided by Title
B of the Stete Environmental Cods (310 CMR 15.00) and by local regulstions of the Board of Health.
Any such repair or raplacement shell be done only in accordance with a disposal works construction
permit obtained by the owner in accordence with said Title 5 and local regulations.
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MODEL SOIL EROSION AND SEDIMENT CONTROL BYLAW
{Source: Middlesex and Essex Conservation Districts)'®

MEMORANDUM ON MODEL SOIL EROSION AND SEDIMENT CONTROL BYLAW

The following bylaw has been published by the Middlesex and Essax Conservation Districts to assist those
communities wishing to utilize Home Rule suthority to enact locel protection against unregulated land-disturbing
activities, causing erosion and sedimantation of waterbodiss end other natursl resources and jeopardizing the public
health, sefsty, welfare, and the envirenment. During 1988 we reviewed bylews in verious forms in place in
Massachusetts and we researched what parmit procedure would be simplest. We encourage cities and towns 1o use
their powers to require basic soil erosion and sediment control wherever land-disturbing activities teke plece. The
appropriata measures are relatively inexpensive to incorporate in development plans and they are a cheap form of
insuranca against very expensive environments| dsmage.

This draft, published in March 1989, has been reviewed by planners, scientists, local officiels, and lawyers. Yat we
want to caution that no model is perfect for every local situation. Any bylaw must be tailored to your community.
identify erasion problems in your city or town, raflect these problems in the purpose section of the bylaw, select the
boerd tc which you wish to give jurisdiction, set the thresholds for project review, describe the basic permit
procedures, add any application and plan requirements, consider what performance standsrds to impose, and shape
the monitoring and enforcemnant approach to adopt.

In other words, this mods! bylaw is a starting point for your delibarations and discussed, not an end. We commend
it a5 & good foundation, a solid structure.

This bylaw would require extensive land-disturbing activities to obtain s full permit from the Congervation Commission,
with detailed plans and specifications to avoid unacceptable erosion and sedimentation. Smaller projects afe not
subject to this full procedure, but are required to obtain limited permits.

Copies of the permit application are shared with other community boards and officials, and with the local conservation
district, for review snd comment. The Conservation Commission, though, is the agency with jurisdiction to promulgats
regulations and grant permits.

The procedure is kept simple on purpose. Erosion control is sameathing to be incorporated in development plans. Tha
Commission will review erosion control measures needed, not the wisdom of the project or any other board issue.
The Commission will render its decision within forty-five days. The parmit is recorded in the Registry of Deeds. If
dasiring to change the project or ite erosion control measure substantially, the applicant must notify the Commission,
which may require an emended application,

The Commission is directed to adopt a fee schedule by regulation, adequate to reimburse its actual costs of project
review and approval.

In addition, the Commiesion is suthotized to requira the applicant to pay the sxpense of an expert sngineer or
consuitant to essist Commission review, up to 8 maximum of $2,500. Again, only the cost sattributable to the projact
may be charged,

This bylaw adopts a state statute allowing the community to set up 8 spacial fund into which such fees and charges
go, 1o be available to the Commission during the fiscal year without the need for sppropristion, The bylew provides
for a refund of eny unused fees or charges. This special account procedure was adepted from the Town Braintree
Home Ruls wetlands protaction bylaw, approved by the Atiorney General during 1388,

Massachusetts lacks an erosion control statute et the state lavel. Siltation of a body of water is defined as water
pollution, but the Clean Water Act doss not yet prevent dangerous erosion. Erosion can be reduced under the
Wetlands Protection Act, but only ralative to work which already is subject to that statute because it is in or near
watlande. State drinking weter laws mandate that cities and towns prolact water supplies, but leave to you the
decision how best to do that. The Zoning Act empowaers communities to adopt wetland, wetershed, floodplein, and
aquifer zoning, but operates fargely through snnouncing what land uses are legal, where, without specifying erosion
control measuras to prevent problems. The Subdivision Control Act sats up planning boards to review subdivisions,
but erosion control measures may be required only if the plenning bosrd adopts regulations on that subject, and they
only apply to the subdivision of land.

'®  Beth Handler, EIP Intern: Gregor |. McGregor, Eeq., Legal Counsel; Rhett R. Grant, Supervisor MCD Tachnical

Adviser; Fourth Revision, March 1289,
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Consequently we strongly urge thet cities snd towns seriously consider adopting this model soil erosion end sediment
control bylaw. Rernember that it reflects the bast wisdom as of this date. Be sure to contact either the Middlesex
or Essex Cangarvation District for advica on experisnca with the bylaw in practice, and 1o obtain the most current
varsion of this modal.
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SOIL EROSION AND SEDIMENT CONTROL BYLAW

{. TITLE
This bylaw shall be known es the Soil Erosion and Sediment Control Bylaw.
It. PURPOSE

The Purpase of this bylaw is to eliminate or reduce the harmiul impacts ot soil erosion and sedimentation on the public
heaith, safety, and walfare, and the environment by prohibiting incroase in sediment-laden runoff from land-disturbing
activities and by prohibiting streambank erosion along bodies of water. This bylaw regulates activities with potential
for such impacts by requiring permits and pre-activity review. For activities above the thresholds of jurisdiction under
this bylaw, either a full or limited land disturbsnce permit is required, and compliance with permit conditions, By
implementing the controls in permit conditions and in this bylew, and in reguiations promuigated pursuant to this
bylaw, erosion and sediment shall be controlled so as to protect water quality, flood storage, stream flow, wildlife
habitat, aquatic resourcas, and public safety.

It. JURISDICTION

No person shall ciesr, cut, grade, or perform any land-disturbing activity on an area of land 5000 square feet or greater
without first applying for and receiving an approved full or limited land disturbance permit from the Consarvation
Commission in accordance with this bylaw. The Commission shall have authority to promulgate rules and regulations
to implement this bylaw, to review permit applications, to parform monitoring and inspections, to grent or deny
permite, and to enforce the provisions of this bylaw, and to take any other actions reasonable and appropriete to
implement this bylaw. Ths Conservation District may provide technical services to the Commission in the review of
plans or any other matter under this bylaw.

V. APPLICATION PROCEDURES

Where e full or limited {and disturbence parmit is required, a written application shall be submitted to the Commission.
The applicetion shall be signed by the owner of the property on which the proposed motivity is to ba conducted. In
addition, the epplicant, if the applicant is not the owner, shall sign the application. If the owner or applicant is a
business antity, the chief executive officer or other officer with authority ehall sign the spplication. Any epplication
or other submittal in support thereof shall be submitted to the Commission in duplicate by certifiad mail or hand
delivery. Upon receipt, the application shall be marked with the date and time received and a file number shall be
essigned.

V. COORDINATION WITH OTHER BOARDS

Any person filing a permit appiication with the Commission shall submit a copy therect at the seme time, by certified
mail or hand delivery, to the City Council/Board of Selectmen, Planning Boerd, Board of Appeals, Board of Health,
Building Inspector, and Conservation District. The person filing such application shall at the seme time submit 1o the
Commission a written notice that these copies have been submitted to these other agencies. The Commission shall
not teke final action on an application until such boerds and officiale hava had twenty-one calendar days from their
feceipt to submit written comments, il any, to the Commission. The applicant shall have the right to receive such
written comments, if any, and to respond to them, if desired, prior to final action,

VI. COMPLIANCE

No land-disturbing activity shall take piace, unless exempt by the terms of this bylaw, without compliance with e land
disturbance permit issued by the Commission, with the plans approved by that permit, end with eny rules and
regulations promulgated by the Commission. In addition, any land-disturbing activity shall comply with ell federal, state
and local statutes, regulations, and bylews/ordinances and shall obtain and comply with any other necessary permits,
licenses, or other approvals.

VIl. MODIFICATION OF PLANS

Any change, in or slteration of, a land-disturbing activity epproved in a permit, snd any approved plans, shell be
submitted to the Commission, prior 1o any further land-disturbing activities, for prior review and approval. If in the
judgement of the Commission the change or alterstion is substantial, the Commission may require that an amended
application shall be submitted. f sny change or alteration tekes place during land-disturbing activities, the Commission
may require the installation of interim erosion and sediment control measures before the change or aiterstion may be
spproved.

=
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VIil. FEES

The Commission by ragulation shall promulgate an application fee schedule for full end limited land-disturbance
applications and complience certificates. The fes specified in such a fes schedule shall be mada payable to the
Commission and shall accompany the permit application or request for certificate of compliance. The Commissionmay
require a fee for revisw of any change in or slteration irom an approved permit or plan,

Seid fee shall be paid into o special account of the Commission sst up by the Town/City Treasurer and may be
expended by the Commission lor the purposa allocated without further appropriation. Any balance in said account
at the end of the fiscal year shall be deposited into the general treasury of the town/city. This town/city hereby
accepts the provisions of General Laws, Chapter 44, Section 53E. The Commission may drew upon said special
account for costs end expenses in processing applications, plans, changes or slterations, certificates of compliance,
providing notices, conducting hearings, meatings field inspections and other reviews, performing services by
Commission staff and other departments, agencies, boerds, officars end employeas of the town/city in ravigwing.
matters pending, performing measurements, testing, monitaring, and other evaluations, and mileage, racording, and
telephone costs. Provided, however, that only those costs end expenses reasonably ettributeble to review, approval,
disapproval, or other actions on applications, plens, chenges or alterstions, or certificates of compliance may be so
charged against Baid special account. This filing fee schedule has been determined by the town/city to be
commensurate with the expense of providing these municipal services to applicants.

The epplication fee is non-refundable axcept es provided herein. Any unused portion of seid fea shall be returned by
the Commission to the applicant within forty-five calandar days or written request for same by the applicant, unless
the Commission decides in a public mesting that other action is necessary. Said Treasurer ahall return such portion,
if any, es directed by the Commiseion. Any applicant eggrieved by the imposition of, or size of, the fee, or any act
ralated thereto, may eappeal according to the provisions of the Messachusetts General Laws,

In addition to the filing fee imposed by this bylaw and by regulations promuligated by the Commission hereunder, the
Commission is authorized to requirs the applicant to pay the reasonable costs and expenses borne by the Commission
for epecific expart enginearing and consulting service deemed necessary by the Commission to review an application,
plan, change or alteration, or certificate of comphance, up to a maximum of $2,500. Said peyment may ba required
by the Commission &t any point in reviewing or deliberating prior to a finel decision being rendered. Said servicas may
include but are not necessarily limited to soil survay and delineation, hydrogeologic and dreinage analysis, erosion and
sadimentstion potential, and environmental/iand use law:.

The Commission is hereby autherized 1o charge said fea for expart engineering and consulting services when an
application proposss any of the following: B0Q sguare feet or greater of alteration of a frashwater or costal wetland:;
B0 linear fest or grester of alteration of a bank or waterway; 500 square feet or greater of alteration of land within
100 fest of a body of water; alteration of greater than E00 square teet of land under a watsrbody; discharge of any
sadiment or siltation into or contributing to surface or groundwater; or construction of a detention or retention basin
or other drainage devica.

Said fee.for expert enginesring end consulting earvices shall be paid into a spacial account of the Commission set up
by the town/city tressurer and may be expended by the Commission for tha purpose aliocated without further
appropristion. Any balance in said account at the end of the fiscal year shall be depaosited into the general treasury
of the town/city. This town/city hereby accepts the provisions of General Laws, Chapter 44, Section 53 E. The
Commission may draw upon said special account for services approved by the Commission at a public mesting.
Provided, howevaer, that only those costs and expenses reasonably attributable to review, approvel, disapproval, or
other aotion on applications, plan, changes or elterations, or certilicates of complisnce may bs so charged sgainst said
special account.

Faes are non-refundable except as providad herein, Any unused portion of said fea for expert engineering or consulting
services shall be returned by the Commission to the applicant within forty-five calendar days of written request for
same by the applicant, unless the Commission decidas in a public meeting thet other action is necessary. Said
treasurer shall return such portien, if any, as directed by the Commission. Any spplicant sggrieved by the imposition
of, or size of, tha fee or any act releted thereto, may eppeal according to the provisions of Messachusstts General
Laws.

IX. BOND

The Commission mey require that the applicant post a performance bond, as a condition of a permit, in form and
content approved by the municipal attorney bstore construction may commence. This bond shaell ensure that the
installation and maintenance of soil erosion snd sediment control procedures are completed as approved by the
Commission, within & time specified in the psrmit.
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i satisfactory 1o the Commission, the applicant may substitute a certificate of guarantee, irrevocable letter of credit,
or cash bond in lieu of & performance bond. Any performance bond or letter of credit shall be executed and maintained
by a financial institution, surety, or guaranty company qualified to do business in the Commonwealth,

X. CERTIFICATION

At the time of applicaticn, the applicant shall certify in writing the name of the person wha is responsible for sadimant
control for the land-disturbing activity which is the subjact of the application. Said person shall ensure that said
activity takes pleco in accordence with the application, plan and permit conditions.

X|. REGISTRY OF DEEDS
Prior to cornmencemant of any land-disturbing sctivity, the applicant shail record the permit with the registry of deeds
for the county in which the activity is to teke place, or the appropriate lend court saction of seid registry, and shall
submit to the Commission writtan proof of such recording.

XIl. FULL LAND DISTURBANCE PERMIT

The following land-disturbing activities shall require a full iand disturbance permit:

A. Clearing and grading activity disturbing an ares of mare than 20,000 square fest; OR
B. Volume of earth rosulting in a total quantity of 500 cubic yards or more of earth; OR
C. * Land-disturbing activities on two or more contiguous lots within a twelve month period,

The foliowing information shail ba submitted, at a minimum, with sny full land disturbance application: a plsn
adequately describing the proposed activity; the items specified below; and any additional information spacified in
regulations promulgated by the Commission. The applicant shall submit any additional information requested by the
Commission or the Conservation District during review of the application.

Datailad engineering plans for proper soil erceion and sediment control shall be submitied including the following, at
a minimum:

1. A locus mep, legend, and north arrow;

2 A scale showing one inch equals forty fest;

3. Title blocks identifisd by project name or parcel;

4 Delineation of the total land area to be disturbed;

5. Boundary lines of lots and delineation of land erea where activity is to be performed;

8. Centours showing existing end proposed glevations and/or contours st two foot intervale;

7. Symbols for sediment and erosion control practices including detail and elevation;

8. Existing and proposed roadways;

9. Delineation of wetland aress;

10.  Delinestion of the 100 year floodplain;

11. Street profiles showing proposed grades and elevations;

12. Proposed stonm drainags systems;

13, All bodies of water, including streams, rivers, lakes and ponds, within 100 jeet of the proposed activity;

14. A description of construction activities, in saquence, which specifies the expected dete of soil stabilization
and completion;

15. Temporary and permanent soil erosion and sediment control measures;

18. Temporary and permanent seeding and other vegetative controls,
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If any structural soil erosion and sediment control is deemad necessary in the judgement of the Commission, the
detailed enginearing plans shall include the following additional information:

1. Detailed location of any dam or basin;

2. Plan \{iaw of any dam or basin;

3. Spillway designs showing celculations and profiles;

4. Emergency spillway designs showing celculations, profiles, and cross-sections;
5. Runoff calculations tor peak runotf during a 100 year storm;

8. MNotes and construction specifications;

7. Type of sadiment trap;

8. Dreinage area to any sediment {rap;

9, Volume of storage required;

10. Outlet length or pipe sizes;

11. Storage depth below outlet or cieanout elevation;

12. Embankmaent height and elevation:

13, A portable safety fence surrounding any baain or trap, not less than forty-two inches in height with openings

not more than three inches in haight, firmiy encharsd at spacing no greater than eight fest.

The Commisgsion shall review and respond to sny complsetad permit application with forty-five calsndar days of receipt,
or such additional time as is necessary to provide coordination with other local boards and officials in accordance with
Section V above, If the applicetion is denied by the Commiszion, the Commission shall specify its reasons in writing.
The decision with permit or denial shalt be mailed or hand dalivered by the Commission to the applicant,

Any person aggrieved by the dacision of the Commission may appeal in the nature of certiorari to the Superior Court,
Xil. LIMITED LAND DISTURBANCE PERMIT

Any lend-disturbing activity not requiring 8 Full Land Disturbance Permit if it meets the limitations below, shalt require
a Limited Land Disturbance Permit applieation:

A. Activity disturbing an area of land no more then 20,000 squere feet and no less than 5,000 square feet; AND

B. Volume of sarth movemnent resulting in a total quantity of no more than 500 cubic yards of earth and no less
than 100 cubig yards; AND

C. Activity involving a parcel of land heving a final graded slope no steeper than thres horizontal units to one
vertical unit, equivalent to a siope of 33 percent; AND

D. Any area of goil cut or filied not exoeeding four feet in verticel depth at its deepest paint es messured from
" the natursl ground lavel.

An application for a Limited Lend Disturbance Permit shall, st a minimum, include a skatch of the parcel or parcels on
which the activity is 1o take place, drawn so as to include wail erosion and sediment control practices, roadways,
waterways, building or buildings to be constructed, topography, and & stabilized construction entrance.

The Commigsion shall review and respand to the permit application within forty-five calender daye of receipt, or such
additional time as necessary to provide coordination with other boards as specified in Section V above. |f the permit
is denied, the Commission shall spacify its reasone in writing. The decision with permit or denial sha!l be mailed or
hand delivered by the Commission to the applicant.

Any person aggrieved has a right to appesl a decigion of the Commission in the nature of certiorari to the eppropriate
Superior Court.
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XiV. STABILIZATION

Vegetative slabilization measures shall be smployed. Al parimater dikes and slopes, basin or trap embankments shall
be stabilized with sod, seed, and anchored straw mulch within seven calendar days of disturbance, All other disturbed
areas shall be stabilized with sod, seed, and anchored straw mulch within fourteen calendar days after disturbing
activities have ceased.

Topscil shall be stripped from disturbed areas and stockpiled in an approved eres and stabilized wilth termporary
vagetative cover if left for mare than thirty calendar days. Perimeter sediment controls shall be installed around
stockpiled topsoil.

During the months of October through March, when seeding and sodding may be impracticel, an anchored mulch shall
be spplisd as epproved by the Commission.

XV, EXTENSION

A full or limited land-disturbance parmit shall be valid for ons year from the date the permit is issued. The Commission
may grant one extension for an additional year, upon written requast for renewal no later than 30 days prior to
expiration. Thereafter, a new application shall be required.

XVI. INSPECTION

The Commission, in its discretion, may conduct an inspection at any stage of construction to ensure complisnce with
the terms of this bylaw snd any psrmit. The Commission also may reguire the applicant to submit periodic oral or
written reports at sny stage of construction. The Commission shall be authorized to conduct announced or
unannaunced inspactions at any reasoneble time, In eny event, upon completion of the land-disturbing activities
aspproved by a permit, the applicant shall notify the Cammission to request an inspection.

XVI. COMPLIANCE CERTIFICATE
Upon request of the Commiesion, the City Council/Board of Selectmen and the City Solicitor/Town Counsesl shall take
legal action for enforcement of this bylaw under civil law. Upon request of the Commission, the Chief of Pelice shall
take legel action for enforcement under criminal law. Municipal boards and officers, including sny police officer or
other officer having police powers, shall have authority to assist the Cormmission in enforcement.
The Commission shall have the power and duty to enforce this bylaw, regulations thereunder, and permits, including

but not limited to issuance of violation notices and enforcement orders. An enforcement order may require the hasit
to any Hisgel work, removal of equipment and site rastaration,

XIX. VIOLATIONS/PENALTIES

Violations of thie bylaw, any regulations hereunder, or any permit shall ba punished by a fine of not more than $300
per day.

As an alternative to criminal prosecution in & specific case, the Commission may slect to utilize the non-criminat
disposition procedure set forth in General Laws, Chapter 40, Saction 21D (recite completa text of Section 21D here,
in order for your Town to accept provisions of this state law]),

XX. EDUCATION
The Commission, within its svadable rescurces, should provide education programs on soil erosion and sediment
control to the general public and persons regulated by this bylew. Workshops and seminers should provide guidalines

and advice to ease the permit application pracess and foster acceptence of good erosion control practices.

XXI. DEFINITIONS

ANCHORED MULCH: Muich consisting of straw, woodchips, emulsifier, and other sppropriata materisls, bound
together by snchored pegs and twine.

APPLICANT: Any natural person, individual, partnership, corporation, trust, agency, department, politicel subdivision,
or other legal entity requesting s soil arosion and sediment control permit for proposed land-disturbing activity.

CLEAR: The act of removing vegetative cover in a menner that does not disturb roct mat or the existing soil surface.

CUT: The excavation of soil, sond, gravel, stones, or other earth materisl from the land.

. Gl
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CONSERVATION COMMISSION: The Conservstion Commission of this municipality.
CONSERVATION DISTRICT: The Conservation District for the county in which this municipality lies.

ENGINEERING PLAN: A plan developed by a professionsl engineer, lendscepe srchitect, land surveyor, or person duly
qualified, whoss neme appears on said plan.

EROSION: The process by which the ground surface is worn by naturel forces such as wind, water, ice, gravity,
glaciers or by artificial means,

FILL: Any act by which eoil, earth, sand, gravel, rock, or any similar materiel is deposited, placed, pushed, pulied, or
transported, and includes the conditions that result from that act. '

GRADE: An act by which soil is tleared, stripped, stockpiled, or any combination thereof.

LAND-DISTURBING ACTIVITY: Any action that causas the alteration of aarth, sand, rock, gravel, vegetation, or similar
material on land.

ONE HUNDRED YEAR FLOODPLAIN: An area delinestad under the Federal Emergency Management Act {FEMA}
indicating the extent of floading as a result of a 100 year storm. - :

PERIMETER CONTROL: A meesure that prevents erasion and sedimentaticn through the use of earth end dikes at the
outer extent of land-disturbing activities.

PERMIT:: The full or limited land-disturbance permit issued by the Commission authorizing land-disturbing activity in
accordance with the requirements of this bylaw.

SEDIMENT: Organic materiel or minerals transported or deposited by the movement of wind, water, ice, gravity,
placiers, or by artificisl means.

SEDIMENT BASIN: A temporaery barrier or dem constructed across a.drainage way or ot another suitable location to
intercept and trap sediment.

SEDIMENT TRAP: A temparary sedimant control measure formed by excavstion or embankment t¢ intercapt and trap
sadimeant.

SITE: Any lot or parcel of iand or area of property where land-disturbing activities are, were. or will be performed.
SLOPE: The inclined surface of a fill, excavation, or natursl terrain,
SOIL: Any serth, sand, rock, gravel, or similar material.

STRIP: Any activity which removes the vegetetive surface caver including but not limited to tree removal, clearing,
grubbing, and storage or removal of topsoil.

WETLAND: Any resource area which is subject to the Wetlands Protection Act, Generel Lews, Chapter 131, Section
40.

XXll. SEVERABILITY
If sy provision of this bylaw is held to be invalid, such invalidity shall not affect any other provision of this bylaw.
XXUl. EFFECTIVE DATE

This bylaw shall take effect upon adoption by Town Meeting/City Council,
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MODEL HAZARDOUS MATERIAL
AND UNDERGROUND STORAGE TANK BYLAW

(Source: Growth Management Workbook. EOCD, 1988)
{Based upon a bylaw adopted in the City of Westfield, Massachusetts)

HAZARDOUS MATERIAL AND UNDERGROUND STORAGE TANK BYLAW

8.00 Authority

The Town of adopts the following measures under ite home rule powers, ite police powers to protect
the public health and welisre, end its authority under M.G.L., Ch. 40, Sec. 21. :

6.01 Definitions

a. Discharge: the spilling, leaking, purnping, emitting, or dumping af toxic or hazardous materials upon
or into any land or waters of the Town of

b. Hazardous Moterial: any substance with such physicel, chemicel, or infectious cheracteristics as
to pose & potential hazsrd to existing or potantial water supplies or to human health. Hazerdous
materiale include, but are not fimited to, toxic chemicals, heavy metals, radicactive or infectious
wastes, acids end alkalias, pesticides, petroleum products, herbicides, solvants, and thinners.

c. Underground Storage: storage below ground level but not including storage in & free-standing
) container within & building.

8,02 Prohibitions

8.021 Al new underground storage tanks with volumes less than 1,100 gallons are prohibited from the
Water Supply Protection District,

6.022 The discharge of hazardous materials within the Town of is prohibited with the following

exceptions:

a. Disposal of sanitary sewage to subsurface sewage dispossl eystems approved under Title
5 ot the Massachusetts Environmental Code or 1o a westewater treatment facility.

b. Application of fertilizers and pesticides in sccordance with labal recommendations and with
regulations of the Massachusetta Pestioide Control Board.

c. Application of road salts or other de-icing chemicals provided that such ues is minimized
and coneistent with public highway sefety standards,

d. Proper disposal of acceptable materiale at a facility or site which has received and
maintained all iagsl approvals as specifisd in the Massachusetts Hazardous Waste
Management Act, M.G.L., Ch. 21C, Sec. 7.

8.023 The use of septic systsm cleaners containing toxic or hazardous materials is prohibitad.

8.03 Hazardoue Materisi Registration and Controla

. 8.031  Every owner, or operator of a commercial, industrisl or agricultural operation storing hazardous
materiale in quantities totaling mare than BO gatlon liquid volume or 25 pounds dry weight shall
register with the Fire Department a description of ths types and quantities of hazardous materials
stored, and the location and method of storage. Registration required by thie subsection shall be
submitted within eixty (80) deys of the offective date of this bylaw and annhually thereafter.

6.032 The Fire Department may require that an inventory of hezardous materials be maintained on the
premises and be reconciled with purchase, use, sales and dispossl records on @ monthly basis,

6.033 Hazardous materjals shall be stoted in product-tight storage containers and shell be removed and
disposed of in accordance with the Massachusetts Hazardous Wasts Management Act, M.G.L., Ch.
21C.

6.034  The Fire Department shall require that containers of hazardous material be etored on an impervious,
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chemical-resistent suriace, that the storage area be enclosed with an impermaable dike or within an
impermeable basement, and that the containers be protected from weather, vandalism, corrosion,
and isakage,

8.04 Underground Storage Tanks of Volumes Greater Than 1,100 Gallons

Every owner of an underground storags container for hazardous materials including petroleum products of
volumes greater than 1,100 geltons shall comply with all applicable state regulations for such storage.

8.05 Pormits For Existing and New Underground Storage Tanks of Volumes Less Than 1,100 Gallons

6.0B1 Every owner of an underground storage container for hazerdaus materiais including petroleum
preducts atfected by this bylew shall apply to the Fire Department for a parmit to maintain a storage
facility. Application shall be made within sixty (80} dsys of the etfactive date of this ___ and shail
contain the following information: '

8. Name, address, and telaphone numbers of the owner and operator;

b. The typs of material stored;

c. Tank size and construction type for tank and pip‘ing;

d. Evidence of the dats of installation warranty;

e, Plot pian of the site, including location of the tank, pumping components, and sny walls or

watsr bodies,

6.052 Tho head of the Fire Dapartment is required to send to the Board of Health, the Water
Department end the Conservation Commisesion a copy of every permit application for a new storage
facility, with a request for 8 recommendation of approval or disapproval within 30C days.

8.063 Subsequent to the effective date of this ordinance, no new underground storapge containers shall be
installed unless the owner ghalf have first abtained a permit from the Fire Department. 'f the Fire
Departmsnt determiness that the proposed storage container constitutes a danger to a water supply,
water body, public hesith or safety, the Fire Department may deny the permit or may grant it subject
to conditions which the Department determines are necessary.

68.054 These permits shall be in addition to any license or permit required by M.G.L., Ch. 148, as amended,
or by any reguiation issusd thareunder. The fes for this permit, payable to the Town of shall
be dollars.,

6.055 I the ownership of any underground storage tank is transferred, the new owner shall notify the Fire
Depsriment within ten {10} working days. '

8.08 Underground Storepe Tank Instellstion and Construction Standards For Tanks of Volumes Under 1.100

Gallons

6.081 New underground storags containers shall be installed by a manufacturer's approved installation
contractor in the presence of the head of the Fire Department or hia agent. Newly instalied
underground storage containars shall be surrounded by at least twelve {12} inches of clean sand
which shall slsc be piaced between the tank and a firm base.

8.082 Every new or replacement tank end ite piping shall ba tested separately, st the owner's expense,
prior 1o its being burisd, The tank shall be tested by air pressure at not less than 3 snd not more
than b Ibs, per square inch. The piping shall be tested hydrostatically to 150% of tha maximum
anticipated pressure of the system, or testad pneumsatically, after all joints and connections have
been caated with a soap solution, to 100% of the maximurn anticipated pressure of the system bus
not less than BO Ibs, per square inch gaugs at the highest point of the systemn. After the tank and
Piping have been fully buried, ell subsequent testing of underground tanks shall be dons by the
precision test in accordance with the provisions of Pamphlet No. 329, Chapter 4-3-10, of the
Nationel Fire Protection Association, or other test of equivalant or superior accuracy. The owner
shall furnish the head of the Fire Depariment with a certified copy of the resuits of a!l testing
required by this Section which tha head of the Fire Department shall keep with the records of the
storage facility.
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6.07

6.08

6.09

€.083 Newily installed underground storage containers shall be protected from internal end external
corrosion and shell be of a design approved by the Beard ol Heolth and the head of the Fire
Department, The following container construction systerns are considered to provide adequate
corrosion protection:

a. UL-listed fiberglass reinforced plastic (FRP);

b. Ul-listed steel tanks providad with cathodic protection;

c. UL-listed steel tanks with bonded fibarglass coating;

d. UL-listed double-walled steel tanks with cathodic protection or bondad fiberglass coating;
9. Other containor constrﬁction providing equal or better protection against leakage than the

above mantioned conteiners and approved by the head of the Fire Departmant.
6.084 Al replacaments of underground storege tenks must comply with aforementioned standards,

Testing of Underground Storage Tanks of Volumes Less Than 1,100 Gallons

6.071 The owner of evary axist'ing storage facility which does not satisiy the design requirements of
Section B.06 shall have each tank and its piping tested, at the owner's expenss, during the 10th,
13th, 15th, T7th, and 19th yaar after installation, and annually thersafter.

- 6.072  The owner of every kind of new or existing tank which satisfies all the design requirements of

Section 6.06 shall have the tank snd its piping tested, at the owner’s expense, during the 15th, and
20th years following the date of installation and st 2-year intervals thereafter.

6.073 If no satisfactory evidence of the installation date exista, annual testing shall begin upon order of
the Fire Department.

8.074 Ht is strongly recommended that underground tanks be removed iollowing expiration of
menufacturer’'s warranty or 20 years after installation,

6.075 Al testing of underground storage containers shall be administered by quslified persons approved
by the Fire Department which shall be notified prior to administering a test. The owner of an
underground storags container shall, within one weak of their receipt, supply to the head of the Fire
Department a certified copy of all test results. The heaed of the Fire Department shall keep this copy
with the records of that storsge facility.

68.078 Excapt for testing performed on a tank and its piping prior to thair being covered, a tank shell be
tested by eny final or pracision test not involving air pressure which cen accurately detect a ieak of
0.05 gellon per hours or less after adjusiment for relevent variables such as temperature change and
tank end deflection, and which has been approved by the Marshsll. Piping deflection shall be tesied
hydrostatically to 150% of the maximum enticipated pressure of the system.

8.077 The head of the Fire Department may require the owner of any existing tank to have it and its piping
tested, at the owner's expanse, in any case in which the owner has failed to make & timely
appiication for a permit a8 reguired under Section 8.05.

6.078 If any of the testing specified in this subsection discloses a leak, the owner of the storage container
shail immediately comply with the requirements of Sections 8.07 and 8.08 of this bylaw, If eny
owner fails or refuses to complete a required test, the Fire Dapartment may require rapair or removal
of the container,

Report of Lasks or Spills

Any person who is aware of any epill or loss of a toxic or hazardous material shall report such spill or loss
immediataly to the head of the Fire Depariment.

Removal or Repair of Underground Storags Tanks of Volumes Less Than 1,100 Gsllons

6.091 All lenking storage containers affocted by this bylaw must be emptied by the owner or operstor
within 24 hours of lesk detection and removed or repaired by the owner or oparator as specified by
the heed of the Fire Dapartment in consuitation with the Board of Health.

£
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6.092 No underground storage container affeated by this bylaw shall be remaved, or repaired unless the
Fire Department has issued written instruction 1o protect public heslth and safety during the removal

ot repair, or unless the head of the Fire Department or Board of Health detarmine that an emargency
exists. :

8.093 All underground storage containers affected by this bylaw which the owner has decided to take out

- of service for a period of less then six (6} months shsll promptly notity the Fire Department of the

decision and, subject 1o their direction, have all the product and vapors removed from the container.

Before any such contsiner may be restored 1o service, the owner shall notify the Fire Dapartment

which may require that the owner have the container tested, at the owner's expense. Any owner

of a container affecied by this bylaw which has been or will be out of service for a period of greater

than six (8} months shall, subject to the directions of the head of the Fire Department, have the

container removed or filled with inert material, and have the fill pipe removed or capped with
concrets,

8.010 Enforcement

8.101 The Fire Department and its agents may enter upon privately-owned property for the purpose of
pertorming their duties under this bylaw.

6.102 Any person who violales any provision of this bylaw shall ba punished by a fine of not more than
$300. Eech day or portion thersof during which & violation continues shall constitute a separate
oftense. If more than one, each condition violated shall constitute » separate offense. Upon request
ol the Fire Department and Town Council shall take such legal sction as may be necessary to
enlforca this ordinance.

6.011 Costs

in every case the ownaer shall sssume responsibility for cost incurred necessary to comply with this ardinance.
Tha owner shall be responsible for all costs of recovoring and properly disposing of eny product that has
leaked and for all costs of restoring the environment, including groundweter and eurface weter to an

acceplable condition. The Fire Department may charge the cwnaer for expenses incurred in the enforcemant
of the bylaw.

8.12 Variances

6.121  The Fire Department may vary the application of a provision of this bytaw, unless octherwise required
by law, in any cese when, in its opinion, the applicant has demonstratéd that an equivalent degree
of environmaental protection required under this bylaw will still be achieved.

6.122 In granting & variance, the Fire Department will take into consideration the direction of the
groundwater flow, soil conditions, depth to groundwater, size, shape snd slops of the lot, and
existing and future water supplies. i ’

8.123 Any denial of a variance shall be in writing and ehall contein a brief statement of the reasons for the
denial.

8.13 Severability

The invalidity of any provisions of this bylaw shsll not affect the validity of the remainder.
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MODEL UNDERGROUND STORAGE TANK ORDINANCE
(Based on a Barnstable, Massachusetts Model Ordinance}

FUEL, STORAGE TANK REGULATIONS

Wheraas, leaking underground storage tanks pose an immediate and serious threat to Cape Cod’s sole source aquifer,
and Wheraas the Town of ___ does not have recerds 1o locate all such tanke in the Town, Therefore under Chapter
lil, Section 31, of the Massachusetts Ganeral Laws, the Board of Heelth hereby adopts the following {revised)
regulation to protect the ground and surfece waters from contamination with liquid toxic or hazerdous masterials.

DEFINITIONS

*Toxic or hazerdous materials shall be defined as all liquid hydrocarbon praducts including, but not limitad to, gasoline,
fuel and diesei oil, and any other toxic or corrosive chemicals, radioective materials or other substance controlled as
being toxic or hazardous by the Division of Hazardous Waste of the Commonwealth of Massachusstts, under the
provisions of Massachusetts General Laws, Chapter 21C, Section 1, at. seq.

The following regulations apply 1o sll toxic or hazerdous material storage systems:

1.0 Installation of Storage Tanks

1.1 Following the effective date of this regulation, the installation of all underground fuel, gasocline or
other chemical storage tanks shall conform with the following criteria; In that the United Statas
Environmentel Protection Agency designated the Town of as overlying a sole source aquifer,
secondary containment of tank and piping and an approved in-tank or intarstitial space monitoring
system chall be required for new or replacement tanks.

1.2 Following the effsctive date of this regulation, all tanks installed aboveground outside shall be of
material approved for outside use.

2.0 Tenk Registration

The foliowing regulstions shsll apply to all underground tanks containing toxic or hazerdous materials, as defined
sbovae, which are not currently registered under 527 CMR 9.28 - Tenke and Containers {tanks storing fuel oil for
cansumptive use on the premises, and farm and residential tanks of 1,100 gallon capacity or less used for storing
motor fusl for noncommercial purposes.)

2.1 Ownere chall file with tha Baard of Health, on or before . the size, type, age and location of
each tank, and the substance stored in them. Evidence of date of purchese and instaliation,
including fire department permit, if any, shall be included along with a sketch map showing the
focation of such tanks on the property. Upon registering the tank with the Board of Hesith, the tank
owner will receive & permanent metal or piastic tag, embossed with a registration number unique
to that tank. This registration tag must be aflixed to the {ill pipe or in a location visible to a
distributor filling the tenk and to any inspector euthorized by the Town.

2,2 Effective , 8very petroleurn and other chemicel distributor, when filling an underground
storage tonk, shall note on the invoice or bill, the registration number appearing on the tag affixed
to the tank which was filled. Every petroleum and other chemical distributor shall natify the Board
of Health of the existence and lacation of any unregistered or untagged tank which they are
requested to fill. Such notifications must be completad within two (2) working days of the time the
distributor discovers that the tank registration tap is not present.

2.3 Prior to the sale of a property containing an underground storage tank, the fire departmant must
receive from the current owner a change of ownership form for the registration of the underground
storage tank. Such form can be obtained from the fire department.

3.0 Testing

3.1 The tank owner shall have each tank end its piping tested for tightness fikteen {15} yeers after
instaltation and annually after twenty (20) years. Tests shall ba by any final or precision tast, not
involving ait pressure, that can acourately detact a lesk of 0.10 gel/hr, after adjustment for relevant
variables, such ss temperature change and tank end deflection, or by sny other testing system
apptoved by the Board of Health, ae providing equivalent safety and eftectivensess. Certification of
the testing shall be submitted to the Board of Health by the owner, at the owner's expense.
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Those tanks subject to the testing requirement of this regulation shall submit the certification of
testing 1o the Board of Heaslth by . Tanks which are currently 1ested under the provisions of
527 CMR 9.12 are sxempt from this section.

4.0 Mainignance of Fue! Storage Systems

4.1

4.2

4.3

All underground 1uel lines which do not have secondary containment shall be replaced with an
spproved doubls-containment system at which time any service to the system requiring a permit is
performed.

All sbove-ground elements of a fuel atorage systam shall be maintained free of leaks and visibie rust.

All in-tank or interstitial-space monitoring eystems shall be checked on a monthly besis to verify
system integrity. Records of these checks shall be sont to the Board of Health snnually.

5.0 Report of Lesks or Spills

5.1

Any person who is aware of a spill, loss of produet, or uneccounted for increass in consumption
which may indicate s leak shall report such spill, loss or increase immediataly to the head of tha fire
departmeant and to the Board of Health.

6.0 Tank Removal

8.1

8.2

6.3

6.4

7.0 Costs
7.1

All underground fuel, gasoline or other chemical tanks not registerad under 527 GMR 9.26 (farm or
residentiel tanks of 1,100 gsllons or lsss and underground tanks storing fuel for consumptive use
at the property) in service on the effective date of this reguistion, shall be remaved thirty {30} vears
after the datae of ingtallation. If the date of installation is unknown, it shall be assurmed to be ___
{20 years aftor olfactiva date of reguiation}. All undarground storage tanke currently subject to the
removal regulation must be removed by -

Prior to the removal of an underground storape tenk govarned by this ragulation, the owner shall first
obtain e permit from the head of the fire department, pursuant 1o M.G.L., C. 148,

Any person granted a permit by the Marshal or head of a local fire depariment to remove a tank
undéer the provisions of M.G.L., C. 148 or 527 CMR 9.00, shall, within 72 hours, provide the permit
granting authority with a receipt tor defivery of said tank to the site designated on the permit.

Before any person is granted a permit by the Marshal or the head of a local lire department to
remove a tank, under the provisions of M.G.L., C. 148 or 627 CMR 9.00, and said tank is not being
transparted toc an approved tank yard, the person requesting the permit shall provide the permit-
granting authority with written approval from the owner/manager of the disposal site.

In every case, the owner shall assume the responsibility for costs incurred necessary to comply with
this regulstion,

8.0 Variances

8.1

Variancas frarn this regulation may ba granted by the Board of Health after a hesring at which the
appiicant establishes the following:

1. the enforcement thereof would do manifest injustice; and

2. installation or use of an underground storage tank will not adversely affect public or private
wvater resources. In granting a variance, the Board will take into consideration the direction
of the ground water flow, &o0il conditions, depth to ground watet, size, shape and slope of
the lot, and existing and known future waster supplies.

9.0 Enforcement

9.1

Any ownesr or operator violating any provision of this regulaticn shell be subject to the penalties
provided under M.G.L. Ch. 111 5. 31, es smendad. Each day during which the violation occurs shall
constitute & separate offense. Upon request of the head of the fire department or the Board of
Health, the licensing authority and the town counsai shall teke any legel action 88 mey be necessary
to enforce the provisions of this rogulation.
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10.0 Saverability

101 Provisions of this regulation are severable and if any provision hereof shall be held invalid under any
citcumsiances, such invalidity shall not affect any other provisions or circumstances.
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TABLE D.1 - EXISTING MUNICIPAL BYLAWS
Table D.1 lists Massachusetis communities that have enacted various bylaws/ordinances and regulstions to prevent

or raduce nonpoint source pollution as of December 1991 {DWS, 1991}. Contact tha community for more information
on specific bylews thet may be applicable to your community.

REFERENCES:

Primary refersnce: Ch. 40, and Ch, 40A Bylaew flila ot the offica of the Attorney Genersl, Commonwesith of
Messachusettc.

Secondary reference: CONEG {Coalition of Morthesst Governors), survey completed by DEP,1987 and updated 1988,

OTHER SQURCES:

Regionsl Planning Agencies” Water Protection Mstricies
ap submitted with 1991 206(j) applications.

DWS/TS TAF files, iegal files, and personnel.
Leidlaw's complied BoH Regulations.

Compiled by DWS/TS Anslyst Ron Stelline, 1991. Please contact DWS at {817) 292-58509

with corrections, updated information, or comments.

KEY and FOOTNOTES to the Water Supply Protection Matrix for the Commonwealth of Massachusetts

KEY: EXAMPLE: Stetus {Authority} <Special Note>, Fine/Fee
TOWN FOOTNOTES:

P - The town/city uses only private water supplies.
S - EPA designatad Scle Source Aquifer
{ray only include portion of town/city)
Statue: Authority:
Y - vyes The Massachusetts General Laws are citad by chapter;
N - no - denotas MGL 40, general bylaw

G
? - unknown F4 - denotes MGL 40A, zoning bylaw
N/A - Not Applicable H - denotes MGL 111, Board of Health regulation
€ - denotes MGL 130, coastal wetlands conservation
| - denoctes MGL 131, in-land wetlands consarvation

Fee: f - denotes & tee for registration, atc.
Fine: F - denotes & fine associated with non-compliance

SPECIAL NOTES:

i - " The town/city has filed a Vulnerability Assessment
Questionnaire Emergency Plan [Form G} with the DWS.

Year/Pre - The Open Space Plan (OSP} is outdsted:; in some cesses the date of the OSP in effect is cited (s.g. Y <"B9>}.

Waell/Water Supply Regulations Special Notes:

‘W - Well Regulations

wp - Well Protection

nw -  New Wall Regulations

s - Water Supply Regulation

] - Groundwater Elevation Regulatiens
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