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LAKE FACT SHEET
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Population

From 2000 to 2010, the populations of Wolfeboro,
Brookfield, Ossipee, and New Durham increased by 3.1%,
17.9%, 3.2%, and 18.8%, respectively (NHOEP, 2011). The
increase in retirement age seasonal residents in Wolfeboro
has led to a seasonal population that is more than double the
year-round population. The desirability of Lake Wentworth
and Crescent Lake as a recreational destination will likely
stimulate continued population growth in the future.

»
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Invasive Species

Variable milfoil (Myriophyllum heterophyllum) arrived in
Lake Winnipesaukee in 1979, and found its way to Mast
Landing at Crescent Lake the following year. In 1991,
milfoil was discovered between Allen Albee Beach and
Hersey (Tyler) Brook in Lake Wentworth. A NH DES plant
survey in 2006 found milfoil common in Heath Brook,
Hersey Brook, and Willey Brook tributary coves in Lake
Wentworth. Continuing to monitor and control this invasive
aquatic plant will help preserve the high quality water in
Lake Wentworth and Crescent Lake.

D . W

WATERSHED SUMMARY

Within the Lakes Region of east central New Hampshire, the 35.6 square
mile Lake Wentworth and. Crescent Lake watershed is located in the
towns of Wolfeboro (86.1%), Brookfield (11.3%), and Ossipee (0.3%),
in Carroll County, and New Durham (2.3%) in Strafford Counties. Lake
Wentworth and  Crescent Lake, at 534 ft above sea level, are
encompassed by mountainous woodlands in all directions, topped at
1,868 feet above sea level by Copple Crown Mountain south of Lake
Wentworth (NHDES, 1999). On a clear day, residents can enjoy the
ghostly blue silhouettes of the Belknap Mountains to the south and the
Ossipee Mountains to the north (Bowman, 1996). The area experiences
moderate rainfall and snowfall, averaging 40.6 inches of precipitation
annually. Temperature ranges from minus 35 °F to 102 °F with an
average of 20.6 °F in January and 70 °F in July (U.S. National Weather
Service, 2011). The growing season extends from May to September
over a 120 day period. Winter extends. from December to March with
ice-out in mid-April to early May (Bowman, 1996).

The watershed is dominated by forestland, covering 83.3% of the land
area, and helps protect critical headwater streams in the northern half of
the watershed. Development accounts for 6.6% of the watershed, while
wetlands and open water (not including the surface areas of Lake
Wentworth and Crescent Lake) represent 6.7% of the watershed, a
decrease from 17% within the last ten years. Agriculture has increased
from 0.3% to 3.3%, and includes cover crops, row crops, pastures, and
hayfields. A recent water quality analysis may suggest that new
development of residential, commercial, and agricultural land may be
affecting the quality of wetlands, lakes and ponds in the watershed

WATER QUALITY

The New Hampshire Volunteer Lake Assessment Program (VLAP) and
the New Hampshire Lakes Lay Monitoring Program (LLMP) are the two
primary volunteer groups collecting water quality data on lakes in New
Hampshire.

Historical water quality monitoring data: for-Lake Wentworth and
Crescent Lake was analyzed to determine long-term trends, in-lake
phosphorus levels, and the ability of the lake to resist the effects of
increasing levels of pollutants. A watershed model, known as the Lake
Loading-Response Model (LLRM), was used to develop a water and
phosphorus loading budget for the lakes and their tributaries.

In August 2012, the Lake Wentworth Watershed Steering Committee set
a water quality goal that would reduce current in-lake total phosphorus
(TP) concentrations by 15% in-both Lake Wentworth and Crescent Lake.
Although Lake Wentworth is within acceptable in-lake TP levels,
discharge from Lake Wentworth accounts for 96% of incoming water and
71% of incoming TP loading to Crescent Lake. Consequently, Crescent
Lake median P concentrations can be improved only through a reduction
in median TP concentrations in Lake Wentworth.
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LAKE WENTWORTH

Lake Wentworth is nearly four miles long from east to west and 2.5 miles wide
from north to south. The average depth is 21 feet (6.4 m) and maximum depth
is 83 feet (25.3 m). The surface area of Lake Wentworth is approximately
3,018 acres (1,221 ha) (not including the islands), while the total watershed
area is 35.6 square miles (22,784 acres). There are 13 miles of shoreline and
73,997,266 cubic meters of water volume in Lake. The areal water load (the
volume of water entering the lake annually, divided by the lake’s surface area)
is 3.45 m/yr, and the lake water volume flushes completely every other year).
Lake Wentworth is also influenced by 19 islands scattered throughout the

[ Watershed: Merrimack River waterbody, including eight currently inhabited islands (Bass, Cate, Loon,

Watershed Towns: Wolfeboro Mink, Poplar, Sister, Trigg’s, and Turtle), two previously inhabited islands
. . Brummitt and Stamp Act), seven uninhabited islands (Flo, Goose, Joe, two
Brookfield, New Durham, Ossipee ( P A (

Jockey Caps, Min, and Wal), and two unnamed islands with unknown human

Counties: Carroll, Strafford impact.
State: New Hampshire Fourteen streams drain directly into Lake Wentworth: Fernald Brook, Heath
Watershed Area: 35.6 acres (14 ha) Broo_k, Harvey Brook, Hersey (Tyler? Brook, Willey Brook, Warren Brook,
1 . Ryefield Brook, Breezy Brook, Claypit Brook, Frost Brook, Townsend Brook
Surface Area: 3,018 acres (1’221 ha) East and West, Whitton (Morrill) Brook, and Red Brook (Appendix C). Lily
Perimeter: 73,819 ft (22,500 m) Brook was transformed into a bog in the early 1940’s through the construction
. 3 of the state park. Hersey Brook is the outlet for Sargent’s Pond, and Willey
Volume: 73,997,266 m Brook (the largest subwatershed) is the outlet for Batson’s Pond. Warren,
Mean Depth: 21 ft (6.4 m) Ryefield, and Heath Brooks are deep enough for small watercraft navigation.
Max Depth: 83 ft (25.3 m) These inlet streams account for 76% of the water and 56% of the phosphorus
Mean Transparency: 22 ft (6.7 m) load entering Lake Wentworth, which makes these tributaries and their

associated direct land use critical to the water quality of Lake Wentworth, and
ultimately Crescent Lake. It is estimated that discharge from Lake Wentworth

Flushing Rate: 0.74 flushes/yr

Drains to: Crescent Lake, Lake accounts for 96% of the water load and 68% of the phosphorus load to
Winnipesaukee Crescent Lake. As a result, improvements in the water quality of Lake

e . . _ L Wentworth will be the main means by which Crescent Lake’s water quality
Classification: Oligotrophic, Dimictic will be improved.

Ranking: 9" largest lake in New
Hampshire
Kwatershed Groups: LWA, LWF ‘/ Water quality data has been collected at three in-lake locations known as Fuller’s

WATER QUALITY

(Station 1-deep hole), Governor’s (Station 12), and Trigg’s (Station 2), as well
as at the Smith River where Lake Wentworth flows into Crescent Lake. Water

~ 2 quality monitoring data for Lake Wentworth has been collected since 1975. This
( . includes 29 years of secchi disk transparencies, 26 years of phosphorus data
/ i (including 19 years of epicore samples), 29 years of chlorophyll-a data, 22 years

of color data, and seven years of dissolved oxygen profiles.

NHDES’s most.. recent (2006) trophic state index (TSI) determination
ooty A : numerically scored the trophic state of Lake Wentworth as 4 (Oligotrophic), and
considers the water quality of Lake Wentworth to be high based on measures of
Secchi disk transparency (SDT), aquatic plant abundance, and chlorophyll-a
(Chl-a). The Assimilative Capacity Analysis demonstrates that Lake Wentworth
is a Tier 2 or High Quality Water because the median water quality value for

i / total phosphorus is 6.7 ppb. However, Lake Wentworth is also listed as impaired

-
- .
) \

S

for pH (less than the minimum standard of 6.5) and the presence of exotic
milfoil (variable milfoil) in the bays near Heath, Hersey, and Willey Brooks.
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Mean Median TP Historical Recent
Lake Station Annual Mean Annual Mean Annual  (1986-2011)  (1986-2001) (2002-2011)
Secchi (m) Chl-a (ppb) Color (CPU) Median TP Median TP Median TP
(ppb) (ppb) (ppb)
Lake Wentworth 1 - Fullers *6.7 *1.9 *13.9 6.5 6.4 *6.7
Lake Wentworth 12 - Governors *6.8 1.9 14.8 6.2 6.5 6.2
Lake Wentworth 2 - Triggs 6.8 *1.7 14.8 6.2 6.6 6.1
Lake Wentworth 1 & 12 Combined -- -- -- -- 6.5 *6.7
*Indicates trenmatg declinTTvgter quality oyer time. 4
Water Clarity Water Clarity

Lake Wentworth (Fuller's Station)
Year
o Ty T T, T T, T T T T T, Yy B, R,
Pt . : ‘

5 -

Depth Below Surface (m)

==L ake Wentworth (Fuller's Station) — — - Trendline (Fuller's Station)

Chlorophyll-a

Chlorophyll-a (Chl-a) is.a measurement of the green pigment
found in all plants, including microscopic plants such as algae. It
is used as an estimate of algal biomass as higher Chl-a equates
to greater amount©f algae in a lake. Chl-a has ranged from 0.4
to 12.6 ppb with anwannual mean of 1.9 ppb at Station 1 —
Fuller’s. Both Station 14— Fuller’s and Station 2 — Trigg’s
indicate declining trends (increasing Chl-a) in Chl-a over time.
In general, mean annual Chl-a at all stations has remained below
3 ppb, with the exception of Station 2 — Trigg’s im:2009.

Color

Color is the influence of suspended and dissolved particles in
the water as measured by Chloroplatinate Units (CPU). A
variety of sources contribute to the types and amount of
suspended material in lake water, including weathered geologic
material, vegetation cover, and land-use activity. Color has
ranged from 7.7 to 32.6 CPU with an annual mean of 13.9 CPU
at Station 1 — Fuller’s. Color trends at Station 1 — Fuller’s, has
increased in color over time. Station 12 — Governor’s and
Station 2 — Trigg’s are slightly more colored at 14.8 CPU, but
trends indicate a slight reduction in mean annual color over
time.

Secchi disk transparency (SDT) is a vertical measure of water
transparency (the ability of light to penetrate water) obtained by lowering
a black and white disk into the water until'it.is.no longer visible. Factors
that influence transparency include algal growth, water color, or the
amount of dissolved or particulate materials in a“lake, potentially
resulting from human disturbance. SDT readings have been conducted
since 1975 at Station 1 — Fuller’s and since 1987 at Station 12 —
Governor’s and Station 2 — Trigg’s. Trends in water clarity in Lake
Wentworth have shown a slight decline since 2002 with mean annual
SDT between 6.7 - 6.8 m for the three stations.

Dissolved Oxygen

DO is the concentration of oxygen dissolved in the water, and is vital to
fish, algae, macrophytes, and chemical reactions that support lake
functioning. DO levels below 5 parts per million (ppm) stress certain
cold water fish, and a persistent loss of oxygen may eliminate or reduce
habitat for sensitive cold water species. Recent DO profiles show DO
depletion in deep areas of the lake starting at 40 feet (12 m). Low DO at
the bottom of the lake is of particular concern because it can result in the
release of phosphorus from bottom sediments, leading to increased algal
production.

Total Phosphorus

Phosphorus is an essential element for plant growth, yet it is found in
limited amounts in lake systems. Therefore, small increases in
phosphorus can lead to substantial increases in algal growth. Total
phosphorus.(TP) has ranged from 3.2 to 11.5 ppb with a median of 6.5
ppb at Station'l — Fuller’s. Median TP at Station 12 — Governor’s and
Station 2 — Trigg’s is 6.2 ppb. Recent TP results (2002-2011) have
increased by 0.3 ppb at Station 1 = Fuller’s compared to the historical
period (1991-2001). In contrast, median TP at Station 12 — Governor’s
and Station 2 — Trigg’s has decreased by 0.3 ppb and 0.5 ppb,
respectively. The long-term goal for Lake Wentworth is to reduce in-lake
phosphorus concentrations by 1 ppb, a 15% reduction that will ultimately
improve conditions in Lake Wentworth and help achieve High Quality
Water status once again for Crescent Lake.
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Lake
Wentworth

WOLFEBORO

Crescent
Lake

S 7 <

Watershed: Merrimack River
Watershed Towns: Wolfeboro,
Brookfield, New Durham, Ossipee
Counties: Carroll, Strafford

State: New Hampshire

Watershed Area: 35.6 acres (14 ha)
Surface Area: 148 acres (60 ha)
Perimeter: 20,013 ft (6,100 m)
Volume: 1,814,665 m*

Mean Depth: 9.8 ft (3 m)

Max Depth: 21 ft (6.4 m)

Mean Transparency: 16.7 ft (5.1 m)
Flushing Rate: 31.27 flushes/yr
Drains to: Lake Winnipesaukee
Classification: Oligotrophic,
Dimictic

Watershed Groups: Lake
Wentworth Foundation, Lake
Wentworth Association

CRESCENT LAKE

Crescent Lake is hydrologically connected to Lake Wentworth, by a narrow
stream channel known as the Smith River. The surface area of Crescent Lake is
0.23 square miles (147 acres) with a mean depth of 9.9 feet (3 m) and
maximum depth of 21 feet (6.4 m). There are 20,013 feet (6,100 m) of shoreline
and 1,814,665 cubic meters of water volume in Crescent Lake. The areal water
load (the volume of water entering the lake annually, divided by the lake’s
surface area) is 35.62 m/yr, and the lake water volume flushes 31 times each
year. Approximately 13.2% of Crescent Lake is considered ponded as a result
of the dam on the Smith River. Water from Lake Wentworth flows into
Crescent Lake flows southwest via the lower Smith River into New
Hampshire’s largest waterbody, Lake Winnipesaukee.

There are minor drainages to Crescent Lake, including one from Kingswood
High School and Middle School through the golf course and holding pond to
the lake. Two streams flow through the golf course where steep slopes may be
causing erosion during major rain storms..In addition, Crescent Lake is fed
from a wetland behind the hospital that receives a large volume of stormwater
from the South Main Street storm drains. The majority of water (96%) and
phosphorus load (68%) entering Crescent Lake comes from Lake Wentworth
via the Smith River. Recent watershed modeling estimates that 2.8 times more
phosphorus enters Crescent Lake from Lake Wentworth than from the direct
Crescent Lake watershed.

WATER QUALITY

Water quality monitoring data for Crescent Lake has been collected since 1984
at a single location known as Crescent Lake Center (Station 1 — deep hole). This
includes 27 years of Secchi disk transparency readings, 22 years of phosphorus
data, 27 years of chlorophyll-a data, 25 years of color data, and. 7 years of
dissolved oxygen profiles.

The NHDES’s most recent (2002) trophic state index (TSI) determination
numerically ranked the trophic state of Crescent Lake as 3 (Oligotrophic).
NHDES considers the water quality of Crescent Lake to be high based on
measures of SDT, aquatic plant abundance, and chlorophyll-a(Chl-a).  The
potential for nuisance algal blooms on Crescent Lake is therefore low. However,
the presence of exotic milfoil (variable milfoil), first found in Crescent Lake at
Mast Landing in 1980, continues to plague this lake. Herbicides have been used
in combination with hand-pulling to _help control this species. The goal for
Crescent Lake is to improve existing water quality by reducing median
phosphorus in-lake concentrations by 1.2 ppb (from 7.9 ppb to 6.7 ppb), so that
Crescent Lake will meet New Hampshire’s High Quality Water designation.

Photo: FBE
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Mean Historical Recent

Lake Station Mean Annual Mean Annual Annual Median (1986-2001)  (2002-2011)
Secchi (m) Chl-a (ppb) Color (CPU) TP (ppb) Median TP Median TP

(ppb) (ppb)

Crescent Lake 6 — Center 51 2.3 15.8 7.6 6.8 *7.9

*Indicates trend toward declining water quality over time.
‘ 4 é-
Water Clarity Water Clarity

Crescent Lake (Station 6)

Year
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== Crescent Lake
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Chlorophyll-a

Chlorophyll-a (Chl-a) is a measurement of the green pigment
found in all plants, including microscopic plants such as algae. it
is used as an estimate of algal biomass as higher Chl-a equates
to greater amount of @lgae in a lake. Chl-a ranged from 0.5 to
19.4 ppb with an annual mean of 2.3 ppb at Station 6 — Crescent.
Mean annual Chl-a trends appear to be improving since 1984,

Color

Color is the influence of suspended-and‘dissolved particles in the
water as measured by Chloroplatinate Units (CPU). A variety of
sources contribute to the types and amount .of suspended
material in lake water, including weathered geol‘ofgick ‘material,
vegetation cover, and land use activity. Color ranges from;8.8 to
34.4 CPU with an annual mean of 15.8 CPU at Station 6 —

Crescent. Mean annual color trends at Station 6 — Crescent

appear to be decreasing slightly over time.

Secchi disk transparency (SDT) is a vertical measure of water
transparency (the ability of light to penetrate water) obtained by lowering
a black and white disk into the water until it is no longer visible. Factors
that influence transparency include algal growth, water color, or the
amount of dissolved or particulate materials in a lake, potentially
resulting from human disturbance. SDT readings have been conducted
since 1984 at Station 6 — Crescent. Trends in water clarity in Crescent
Lake have remained stable, ranging from 3.2.to 6.5 m with a mean
annual SDT of 5.1 m (16.7 ft).

Dissolved Oxygen

DO is the concentration of oxygen dissolved in the water, and is vital to
fish, algae, macrophytes, and chemical reactions that support lake
functioning. DO levels below 5 parts per million (ppm) stress certain
cold water fish, and a persistent loss of oxygen may eliminate or reduce
habitat for sensitive cold water species. Recent DO profiles show little
stratification and little to no DO depletion at depth. The majority of the
profile ranges from 6 to 8 ppm in DO. Therefore, the potential for
phosphorus to leave the bottom sediments and become available to algae
(internal loading) is low in Crescent Lake.

Total Phosphorus

Phosphorus is an essential element for plant growth, yet it is found in
limited amounts in lake systems. Therefore, small increases in
phosphorus in lakes and streams can lead to substantial increases in algal
growth. Total phosphorus (TP) in Crescent Lake has ranged from 1.1 to
20.7 ppb with a median of 7.6 ppb over the past ten-years (2011-2011),
representing a significant increase in thein-lake TP concentration from
6.8 ppb during the historical sampling period (1984-2001).

Phosphorus levels in Crescent Lake can be improved only through a
reduction of phosphorus levels in Lake Wentworth. Yet, reductions in the
direct watershed of Crescent Lake are also necessary for long-term water
quality preservation.
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SITE SPECIFIC PROJECT PLAN FOR:
DEVELOPMENT OF THE LAKE WENTWORTH/CRESCENT LAKE WATERSHED
PLAN: PHASE 1
(NHDES Project # B-11-M-03)

Under the New Hampshire Section 319 Nonpoint Source Grant Program QAPP
RFA# 08262
October 17, 2008

Final Draft (09/27/11)

Prepared by:
FB Environmental Associates
97A Exchange Street, Suite 305
Portland, ME 04101
For Review:

Project Co-Manager:

Signature/Date
Robert Houseman, Town of Wolfeboro

Technical Project Manager:

Signature/Date
Forrest Bell, FBE

Task Manager/QA Officer:

Signature/Date
Jennifer Jespersen, FBE

Technical Engineer:

Signature/Date
Ben Lundsted, CEI
Modeling Support:

Signature/Date
Don Kretchmer, LWF
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Signature/Date
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For Receipt:
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Signature/Date
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Signature/Date
Erik Beck, EPA Region 1

December 2012

74



Lake Wentworth and Crescent Lake Watershed Management Plan Appendix B: Site Specific Project Plan

Table of Contents

1- DISEIDULION LEST....viuiitiiiiitiitisiieiee ettt bbb 76
2- ProjeCt OrganIZALION ........ocviiuiiiiiiieiieiei ettt bbbttt b e bbb e e 77
X R T 1 (=2 [ 0] 0] 01 F= 1 o] o ISR PRTRRRR 79
4- ProjeCt RAIONAIE ..ottt bbbt 80
5- Project Approach/Study DESIGN..........ccueiiiiiiiiniieieieiei ettt 80
A, Water QUALITY ANAIYSIS ......coviiiieiiecie et enes 81
B. Assimilative Capacity & Water Quality Goal Setting ..........cccccevveveiiieiicie e 82
(O o o [ o T8V [0 L= LSS PSTRRSR 83
B- PrOJECT SCNEUUIE........eceeiceee et e et esreenaeaneenneas 85
7- Final Products and REPOITING........ccueiiiiiiiiiisiesieieeee e 85
SR L] (=] =] (0= RS PRTRRR 87
Appendix A- Lake Wentworth/Crescent Lake Watershed Map .........ccccoovviiiiiniiiniiniinen, 88
Tables

Table 1. SSPP DiStriDULION LIST .....cveiviiiiiiiiiiiiieieie e 76
Table 2. Personnel Responsibilities and QUalifiCatioNns ..............ccovvieieieieiinceeeeeee 79
Figures

Figure 1. Project Organizational Chart.............ccccooiiiiii e 78

December 2012 75



Lake Wentworth and Crescent Lake Watershed Management Plan

Appendix B: Site Specific Project Plan

1- Distribution List

Table 1 lists people who will receive copies of the approved Site Specific Project Plan (SSPP)
under the New Hampshire Section 319 Nonpoint Source Grant Program Quality Assurance

Project Plan dated October 17, 2008.

Table 1. SSPP Distribution List

SSPP Recipient
Name

Project Role

Organization

Telephone number and
e-mail address

Project Co- wolftwnplnr@metrocast.net
Robert Houseman Manager Town of Wolfeboro 603-569-5970
Jack O’Connell Project Co- Lake Wentworth jackocl@myfairpoint.net
Manager Foundation 603-569-2278
Forrest Bell Technical Project B Environmental info@fbenvironmental.com

Manager

207-221-6699

Jennifer Jespersen

Task Manager

FB Environmental

jenj@fbenvironmental.com
207-215-8506

Cayce Dalton

Technical Team-
Land Use
Modeling

FB Environmental

cayced@fbenvironmental.com
207-221-6699

Ben Lundsted

Project Engineer

Comprehensive
Environmental, Inc.

blundsted@ceiengineers.com
800-725-2250 x 317

Rebecca Balke

Technical Engineer

Comprehensive
Environmental, Inc.

rbalke@ceiengineers.com
800-725-2250

. Lake Wentworth dkretchmer@metrocast.net
Don Kretchmer Modeling Support Foundation 603-569-3261
Andv Chaoman NHDES Project ,\N/I:l;ESr,n\é\ﬁtershed Andrew.chapman@des.nh.gov
Y P Manager g 603-271-5334
Bureau
NHDES, W h _—
Jillian McCarth Program QA Mana Sr%eniters ed jillian.mccarthy@des.nh.gov
y Coordinator Bureai 603-271-8475

NHDES, Planning,

. . NHDES QA . vincent.perelli@des.nh.gov
Vincent Perelli Q Prevention, & D @ d
Manager . . 603-271-8989
Assistance Unit
. USEPA Project USEPA New beck.erik@epa.gov
Erik Beck
Manager England 617-918-1606
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2- Project Organization

The Town of Wolfeboro, New Hampshire received funding under Section 319 of the Clean
Water Act from the NH Department of Environmental Services (NHDES) in order to develop
a Watershed Management Plan (WMP) for the Lake Wentworth/Crescent Lake Watershed.
Additional funding for the project was provided by the Lake Wentworth Foundation (LWF).

FB Environmental Associates (FBE) was selected as the technical consultant to help complete
the scope of services for the Town of Wolfeboro. FBE Technical Project Manager Forrest Bell
will provide project oversight, technical expertise, and serve as the main point of contact for
the Lake Wentworth/Crescent Lake Watershed Plan Steering Committee.

Jennifer Jespersen will serve as Task Manager and QA Officer for the project. She will work
closely with the Town of Wolfeboro and the Steering Committee to ensure that the project
stays on time and within budget. Jennifer is in charge of managing key project personnel and
coordinating tasks with the Project Engineer, Ben Lundsted. Ben will oversee Comprehensive
Environmental, Inc. (CEI) field efforts, BMP matrix preparation and conceptual designs. He
will work directly on the BMP reduction calculations and preliminary BMP designs. Technical
Engineer Rebecca Balke will provide technical support for lake modeling tasks, as well as
QA/QC for the BMP reduction calculations and the land use modeling.

Jennifer will provide technical expertise and oversight for key modeling tasks including the
land use modeling, in-lake phosphorus and assimilative capacity analysis, buildout analysis,
and pollutant load reduction estimates. Jennifer will also conduct the water quality analysis.
Technical Engineer Rebecca Balke will provide technical support for lake modeling tasks, as
well as QA/QC for the BMP reduction calculations and the land use modeling. As the QA
officer, Jennifer will ensure that survey results and modeling results have been reviewed and
double-checked for potential inconsistencies.

Figure 1 outlines the organization structure of the project personnel.
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Figure 1. Project Organizational Chart
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Table 2. Key Project Personnel Responsibilities and Qualifications

Name and Affiliation

Responsibilities

Qualifications

Robert Houseman
Town of Wolfeboro

Project Manager

On file at Town of Wolfeboro

Forrest Bell
FB Environmental

Senior Scientist; Project Manager

On file at FB Environmental

Jennifer Jespersen
FB Environmental

Task Manager;
Project QA/QC Officer

On file at FB Environmental

Ben Lundsted

Comprehensive Environmental Inc.

Project Engineer

On file at CEI

Don Kretchmer
Lake Wentworth Foundation

Modeling Support

On file at AECOM

Andy Chapman, NHDES
Watershed Management Bureau

Reviews and oversees development of
the Lake Wentworth WMP

On file at NHDES

Jillian McCarthy, NHDES
Watershed Management Bureau

Reviews QAPP preparation and other
QA/QC activities

On file at NHDES

Vince Perelli, NHDES Planning

Reviews and approves QAPPs

On file at NHDES

Prevention & Assistance Unit

Erik Beck

US EPA Region | On file at US EPA

EPA Project Manager

3- Site Information

Lake Wentworth and Crescent Lake are considered by the New Hampshire Department of
Environmental Services (NHDES) to be high-quality waters. High-quality waters are those
which have sufficient water quality data, or indicators of high water quality, to show that they
exceed state water quality standards.

The project area is located in the Lake Wentworth/Crescent Lake watershed in the towns of
Wolfeboro, Brookfield, and New Durham, New Hampshire. The vast majority of the
watershed is located in the Town of Wolfeboro and is located within the larger Lake
Winnipesaukee watershed. Lake Wentworth is four miles long and three miles wide, with a
total area of 3,108 acres. The lake has 17 islands and 11 year-round streams, including Breezy
Brook, Claypit East and West Brooks, Fernald Brook, Frost Brook, Harvey Brook, Heath
Brook, Ryefield Brook, Townsend Brook East, Tyler Brook, Townsend Brook West, Warren
Brook and Wiley Brook. The Smith River is the navigable connector between Lake
Wentworth and downstream Crescent Lake.

Crescent Lake is 148.4 acres in size and is located between Lake Wentworth and Back Bay of
Lake Winnipesaukee. The water level in both Lake Wentworth and Crescent Lake is controlled
by a dam on the Smith River at the outlet of Crescent Lake. This dam has the ability to change
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the water level of Lake Wentworth by 3-4 feet. There is a two-foot drawdown of Lake
Wentworth and Crescent Lake each fall. Every five years there is a 3.5-foot drawdown. A
single deep reference site is located in Crescent Lake (approximately 18 feet), while three deep
reference sites are located in Lake Wentworth that range from approximately 55 to 80 feet
deep.

Development of summer camps on Lake Wentworth dates back to 1884, which initiated a
cottage building boom on the shoreline and the islands. Since then, the shoreline has slowly
been developed to accommodate both seasonal and year-round residences. Today, there are an
estimated 500 properties around the lake and on the islands. A recent GIS analysis conducted
by FB Environmental as part of the septic system and stormwater survey identified 610 parcels
with buildings within 250 feet of the lakes, streams or ponds in the watershed.

4- Project Rationale

Phosphorus is a limiting nutrient in freshwater ecosystems. Excess phosphorus in these
systems can lead to nuisance algal blooms and low water clarity. High levels of phosphorus in
freshwater lakes and streams are often associated with human activities resulting from
stormwater runoff, excessive use of fertilizer, and poorly maintained/malfunctioning septic
systems. Over the past several years, there has been an increase in the amounts of algae in both
Lake Wentworth and Crescent Lake, and historical Lake Wentworth profiling data indicate
anoxic conditions below 35 feet. Anoxia is a concern because it can release phosphorus bound
to sediments into the water column, thereby making more phosphorus available to algae.
Reducing the amount of nonpoint source pollution entering Lake Wentworth and Crescent
Lake will help reverse the trend towards increasing productivity.

The purpose of this portion of the project is to conduct modeling and analysis to support the
development of a Watershed-Based Management Plan that will help maintain or improve the
high-quality waters of the Lake Wentworth/Crescent Lake watershed. The modeling will
estimate total phosphorus loading to both Lake Wentworth and Crescent Lake, assess loading
from major tributaries, predict loading from future development, and help establish water
quality goals.

5- Project Approach/Study Design

On-the-ground surveys, combined with in-depth water quality analysis and computer
modeling, will be used to identify sources of pollution and to estimate pollutant load
reductions needed to accommodate future watershed development. Several different tools,
techniques and models will be used to complete this component of the watershed management
plan.
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A. Water Quality Analysis

Historical water quality monitoring data will be used for determining the median phosphorus
values, the indirect phosphorus load to Crescent Lake and Lake Wentworth, the internal load,
the assimilative capacity, and for determining the water quality goal for each of the lakes. The
analysis will include a historic (1984-1999), recent (2000-present), and a seasonal analysis
(samples collected between May 15 and September 30 under the 5/23/11 Lake
Wentworth/Crescent Lake Watershed Management Plan Implementation-Phase | for water
quality monitoring, approved under RFA#10154 The New Hampshire Center for Freshwater
Biology and Lakes Lay Monitoring Program Programmatic QAPP prepared by Robert
Craycraft and Jeffrey Schloss).

Monitoring results will be collected and reviewed from in-lake sources, inlet and outlet flows,
and tributaries to calibrate modeling efforts. The New Hampshire VVolunteer Lake Assessment
Program (VLAP) and the New Hampshire Lakes Lay Monitoring Program (LLMP) are the
two primary volunteer groups collecting water quality data on lakes in New Hampshire. Data
is also collected by the UNH Center for Freshwater Biology (CFB). UNH Cooperative
Extension (UNHCE) manages all data sampled by the LLMP and the CFB. Data from the
VLAP is available through the New Hampshire Department of Environmental Services
Environmental Monitoring Database (EMD). Only data that is flagged as final in the EMD will
be used. UNHCE will provide historical water quality data for the analysis from 1984 to
present. Data from the UNHCE will only be used if QA/QC measures have been documented
and follow the New Hampshire Center for Freshwater Biology and Lakes Lay Monitoring
Program Programmatic QAPP (UNH, 2010). As explained above, separate Site Specific
Project Plan was developed by CFB and UNHCE to document the water quality monitoring
for Lake Wentworth and Crescent Lake Watershed Management Plan (UNH, 2011).

Phosphorus and flow data (where available) for the major streams flowing into Lake
Wentworth/Crescent Lake will be used to assess pollutant levels entering and leaving the lakes
and to provide an assessment of inputs by subwatershed. Water quality data will be combined
into a common spreadsheet for each waterbody, and then sorted by date and station for Quality
Assurance/Quality Control (QA/QC) in order to avoid duplicating data sets. All duplicates will
be removed. An initial analysis will be conducted to determine median Total Phosphorus (TP)
based on all samples regardless of whether it was a grab or epilimnetic core (EC) sample.
Minimum, maximum and median TP values will be determined for each station on both lakes,
sorted by empilimnion, metalimnion and hypolimnion. Data will be further refined using EC
data only to calculate the median EC value (where more than one sample was collected on the
same day, a mean will be used for that day). In the event that EC data are limited, grab samples
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taken on the same day at multiple depths near the surface may be used in conjunction with the
EC samples. Where multiple stations exist on Lake Wentworth, best professional judgment
will be used to determine which station is most representative of the whole lake. If needed and
if adequate data exist, statistical analysis (e.g., paired t-test) may be used to determine whether
significant differences exist between stations on the same lake. Similar methodology will be
used to calculate average Chl a and Secchi disk transparency (SDT).

B. Assimilative Capacity & Water Quality Goal Setting

Threats to the high-quality waters of Lake Wentworth and Crescent Lake include sediment and
nutrients from existing and future development, aging septic systems and roads in the
watersheds. All of these land uses have the potential to deliver phosphorus, the limiting
nutrient in freshwater systems, via stormwater runoff to streams and lakes in the watershed. As
such, the water quality goals for Lake Wentworth and Crescent Lake will focus on Total
Phosphorus export from the watershed.

Once the median water quality has been determined for each lake, the total, reserve and
remaining assimilative capacity for each lake will be determined using procedures described in
the Standard Operating Procedures for Assimilative Capacity Analysis for New Hampshire
Waters (NH DES, 2008), on file on the NHDES Watershed Management Bureau network
drive (H Drive). Tier 2, or high-quality waterbodies are described as having water quality in
which one or more parameters is better than the standard plus the reserve capacity (the reserve
capacity is 10% of the total assimilative capacity). Tier 2 waters have some assimilative
capacity remaining, whereas impaired and Tier 1 waters do not.

The process of establishing water quality goals will be guided by data analyses conducted by
FB Environmental (FBE). FBE will first determine whether the current median water quality
of each waterbody is greater than the reserve assimilative capacity. If median water quality
values for each waterbody are greater than the reserve assimilative capacity (Tier 2- exceeds
standards), then the water quality goal will be considered based on the current median value
and historic water quality data. If the median water quality values fall within the reserve
capacity (Tier 1), then the water quality goal will be determined based on historical water
quality and potential reductions needed to get water quality values back to the high quality
range.

A duplicate analysis will be conducted to calculate the median water quality values and the
assimilative capacity. Once the initial calculations have been completed, the Steering
Committee, or a subcommittee consisting of town officials, planning board members,
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representatives of the Lake Wentworth Association and the Lake Wentworth Foundation,
UNH Cooperative Extension and NH DES staff will help finalize the water quality goals.

C. Loading Models

Watershed Loading Model

Geographical Information Systems (GIS) data will be obtained by FB Environmental to assist
with the land use assessment and specifically for determining the total land use area by land
use type (in acres) for input into the watershed loading model (see below for model selection
criteria). GIS land use data are available from the State of New Hampshire GIS website
(GRANIT). The NH Land Cover Assessment 2001 or NHLCO1, consists of the most recent
and detailed classification of land cover in New Hampshire based on satellite images acquired
between 1990 and 1999, with further revisions in 2001 (GRANIT). This data will be used for
the land use loading analysis as described below in the section titled, “Future Loading
Model/Build-Out Analysis. GIS land use coverages will be ground-truthed in the field by FB
Environmental and CEI personnel to ensure the best coverages for input into the model.

The Lake Loading Response Model (LLRM) (also called SHEDMOD or ENSR-LRM) will be
used to assess current nutrient loads from the watershed, and the load reductions that would
result from the implementation of different best management practices (BMPs). The model
was developed by AECOM for use in New England and modified for New Hampshire lakes by
incorporating New Hampshire land use total phosphorus (TP) export coefficients and adding
septic system loading into the model (AECOM, 2009). This model provides the best fit for the
watershed and has been used extensively for more than 30 recent Lake TMDLs in New
Hampshire. The most recent LLRM model, which includes a BMP effectiveness tool, will be
provided to FBE by Don Kretchmer along with the most recent User Guide.

Data needed for input into the LLRM include: water quality monitoring data (TP, Chl a, and
Secchi) for both lakes; physical characteristics such as lake surface area, volume and flushing
rate; tributary monitoring data including discharge; corrected GIS land use data; subwatershed
land area; soils data including steepness of slope; precipitation data; septic system data (from
the 2011 survey). Cayce Dalton of FBE will be running the model. Cayce is proficient in the
use of running watershed loading models, including direct experience with AVGWLF,
PREDICT, and the USEPA Region 5 Model. FBE Senior Project Manager Jennifer Jespersen
will provide technical oversight and confirm that the information used for the model is correct.
Selected data and watershed information will be presented to Don Kretchmer of the LWF and
one of the LLRM model developers. Don will provide technical assistance and review of
modeling methods and results. Cayce will make edits to the model based on feedback from
Don and the Steering Committee and final modeling results will be reviewed by Rebecca
Balke. Rebecca has expertise in water resources modeling and design including experience
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with Eutromod, STEPL, The Simple Method, GWLF, lake response models, StormCAD,
WaterCAD, SWMM and ModFlow.

The LLRM model estimates total phosphorus loading from the watershed, and predicts in-lake
concentrations of TP, Chl a, SDT and algal bloom probability based on runoff and
groundwater land use export coefficients. Attenuation factors such as porous soils, wetlands or
existing BMPs that would decrease loading will be accounted for in order to reach a close
agreement between predicted in-lake TP and observed median TP. The estimated watershed
load (runoff and base flow) will be combined with direct loads (atmospheric, internal load and
septic systems) to calculate total phosphorus loading and will be compared to observed in-lake
concentrations.

In-Lake Total Phosphorus Concentrations

Results of the total phosphorus modeling will be input into a series of empirical models that
provide predictions of in-lake TP concentrations, Chl a concentrations, algal bloom frequency
and water clarity. Also referred to as total phosphorus retention modeling, the model estimates
in-lake phosphorus concentrations based on physical and chemical lake characteristics
including lake volume, mean depth, watershed area, flushing rate, and estimated watershed
phosphorus loading. Because of the imperfect nature of any model to predict processes within
natural systems, the model will compare six different in-lake phosphorus models including:
Kirchner-Dillon (1975), Vollenweider (1975), Larsen-Mercier (1976), Jones-Bachman (1976),
Reckhow General (1977), and Nirnberg (1998). The average of the six empirical models will
be used as the predicted TP value for each of the lakes with some exceptions (it may be
determined that one of the models is most representative, or a model could be eliminated as
inapplicable). The predicted in-lake TP concentration will be compared to actual in-lake water
quality data analysis (see 5A, above). Additional predictions (Chl a, water clarity and bloom
probability) will be determined based on the average in-lake TP concentration.

Future Loading Model/Build-Out Analysis

FB Environmental will conduct a buildout analysis for analyzing the effects of new
development on Lake Wentworth and Crescent Lake. The buildout analysis utilizes GIS
zoning data and CommunityViz software to estimate future development within the watershed.
The analysis will combine projected population estimates, current zoning restrictions, and a
host of additional development constraints (conservation lands, steep slopes, wetlands, existing
buildings, soils with development suitability, unbuildable parcels) in order to determine the
extent of buildable area in the watershed. Future phosphorus loading will be estimated under
full or partial buildout (depending on the timeline of full buildout) and an assessment of the
potential effects of future development as it relates to water quality goals. The buildout
analysis will be conducted by Tricia Rouleau. Tricia is proficient in the use of CommunityViz,
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having used it for several similar watershed-based planning projects in both Maine and New
Hampshire. Task manager Jennifer Jespersen will provide QA/QC of the buildout data inputs
and results of the analysis.

Load Reduction Estimates

The ‘Simple Method’ load reduction model (CWP, 2005) will be used to estimate load
reductions from approximately 30 BMPs identified through on-the-ground surveys, and can be
fed back through the LLRM to evaluate lake response to proposed reductions. This method
provides empirical estimates of phosphorus, nitrogen, chemical oxygen demand and
biochemical oxygen demand as well as for metals. Load reduction estimates using the “Simple
Method” will be conducted by Ben Lunsted with QA/QC by Rebecca Balke of Comprehensive
Environmental, Inc. Observations, trends, conclusions, significant QA/QC findings, and
limitations in the pollutant load reduction data will be documented and reported in the final
report to be submitted in hard copy and electronic format.

6- Project Schedule

Project components are scheduled to be completed at different stages throughout the planning
process. Below is a list of targets for completion of individual tasks. Some of these
deliverables have been extended due to development of the unanticipated Septic/Stormwater
SSPP, timing of the septic survey, and acquisition of the water quality data.

Task 1: Final Site Specific Project Plan- October 1, 2011

Task 2: Conduct Water Quality Analysis — November 1, 2011

Task 3: Determine and Present Water Quality Goal — November 15, 2011

Task 4: Identify Current and Future Pollution Sources by Land Use Type- November 1, 2011
Task 5: Model In-Lake Response- November 1, 2011

Task 6: Model Natural Background, Buildout and Future Development Scenarios- January 15,
2011

Task 7: Estimate Total Load Reductions Needed- February 15, 2012

Task 16: Prepare Draft and Final Watershed Management Plans- October 1, 2012

7- Final Products and Reporting
Final products for this project include the following:

e Approved Site Specific Project Plan under the New Hampshire Section 319 Nonpoint
Source Grant Program QAPP for the Septic and Stormwater Survey (RFA# 08262,
10/17/08).

e Summary of methods and calculations to determine Assimilative Capacity.
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Documentation of water quality goal and methods; meeting with steering committee or
subcommittee to present the results of the water quality goal.

GIS maps with refined land use coverage and in-lake response model results.

Buildout summary report and data; estimation of background levels of phosphorus.

Final estimate of pollutant load reductions needed to maintain water quality status.

Load reduction estimates for 30 watershed BMPs.

Draft and final watershed plans.
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Appendix A- Lake Wentworth/Crescent Lake Watershed Map®
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Conservation Areas
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Soil Erosion Potential
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NH Wildlife Action Plan Priority Habitats
Lake Wentworth & Crescent Lake Watershed
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Water Resources and Riparian Habitat
Lake Wentworth & Crescent Lake Watershed
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Roads Within Riparian Buffer
Lake Wentworth & Crescent Lake Watershed

Watershed Area = 35.6 sq. miles
(22,784 acres)
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Roads within the buffer zone or riparian habitat refers to roads within 250 ft of lakes, ponds, and wetlands greater than 10 acres and roads within 75 ft of

tributaries, ponds, or wetlands less than 10 acres.
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Subwatersheds
Lake Wentworth & Crescent Lake Watershed
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*Remaining 15% includes waterbodies
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Lake Wentworth and Crescent Lake Watershed Management Plan

Water Quality Monitoring Sites
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Impervious Cover
Lake Wentworth & Crescent Lake Watershed
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Appendix D:
Select Nutrient Modeling Results
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Appendix D: Select Nutrient Modeling Results

Select Nutrient Modeling Results
(Source: Lake Wentworth and Crescent Lake Nutrient Modeling Report, May 2012)

Lake Wentworth total phosphorus (P) and water loading summary

TP TP Water Water
Loads to Lake Wentworth (kglyear) %) (mPlyear) %)
Atmospheric 244 25% 7,664,541 14%
Internal 0 0% n/a n/a
Waterfowl 20 2% n/a n/a
Septic System 79 8% 67,009 >0.2%
Watershed Load 643 65% 46,728,516 86%
Total Load To Lake Wentworth | 986 o 54,460,066 100%
Summary of Lake Wentworth total phosphorus (P) loading by tributary basin
Watershed / Tributary Land Area Water Flow P concentration P mass Attenuation
(ha) (mlyear) (mg/L) (kglyear) Factor+
Breezy Brook 27 153,087 0.043 6.6 0.5
Claypit Brook 655 3,700,727 0.014 50.1 0.5
Fernald Brook 579 3,745,998 0.022 82.3 0.9
Frost Brook 249 1,415,135 0.024 34.6 0.9
Harvey Brook 332 2,118,800 0.022 47.4 0.5
Heath Brook 1025 5,861,878 0.010 60.9 0.5
Red Brook 102 661,647 0.020 135 0.6
Ryefield Brook 364 2,109,995 0.015 32.6 0.5
Townsend East 167 1,085,813 0.030 321 0.9
Townsend West 78 516,318 0.025 12.8 0.45
Hersey (Tyler) Brook 633 4,047,688 0.015 60.9 0.55
Warren Brook 679 3,851,816 0.014 52.8 0.5
Whitton (Morrill) Brook 121 809,492 0.036 29.3 0.9
Willey Brook 1750 11,175,403 0.022 251.1 0.9
Lake Wentwor?h Shoreline Drainage — 850 5,367,983 0.030 160.3 0.9
Direct Shore
Lake Wentworth Shoreline Drainage - 17 106,734 0.040 43 0.9
Islands
"1=no attenuation, 0 = full attenuation
% Water Flow % Total Phosphorus Load
Lake Wentworth Subwatersheds Lake Wentworth Subwatersheds
Lw Dirflc;lslands LW Directlslands
0.5% Claypit Brook ~ Fernald Brook
;XV Di';_e“ Breezy Brook LW Direct l;reezky 5% 9%
. oreline <1% laypit Brook oreline roo
WIIIQZZGB/:OOkh\ 11% 1//_C ypSt% Fernalci/Brook s 17; 0.7% Frost Brook

FrostBrook

Harvey Brook

Whitton

(Morrill) Brook 5%
2% / Heath Brook
Warren Brook Hersey (Tyler)
8% Brook

9

Red Brook 13%
1%

9

9% Ryefield Brook

Townsend West 5%

1%

Townsend East

2%

Willey Brook
27%

4%
Harvey Brook
5%

~— Heath Brook
Whitton (Morrill) =~ 7%
Brook

Red Brook
/Townsend 1%
Hersey West Ryefield Brook
(Tyler)Brook 1%
7%

Warren Brook

3%
Townsend East
3%

% Water Flow and % Total Phosphorus to Lake Wentworth by subwatershed
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Appendix E:
List of BMP Sites in the Lake Wentworth and
Crescent Lake Watershed
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Appendix E-1: BMP Priority Matrix Methodology

Lake Wentworth Watershed Plan
BMP Ranking / Pollutant Removal Estimates
Results and Methodology

Provided below is a description of the Best Management Practices (BMP) ranking selection procedures
that were used for the Lake Wentworth Watershed Plan. The purpose of this ranking was to select 4 to 6
most beneficial BMP sites from all the potential sites that were identified during the watershed evaluation
conducted in the fall of 2011. This evaluation included field surveys and data collection provided by LWF
Steering Committee members, Town of Wolfeboro representatives, FB Environmental (FBE) and
Comprehensive Environmental (CEI).

Once the potential BMP sites were identified by all participating parties, CElI compiled the data and
performed two phases of ranking to determine the top 4 - 6 most beneficial BMP sites. Based on the
ranking process, some of these top sites were selected for conceptual design and implementation to assist
in reaching the water quality goals set forth in the Watershed Plan. Attached to this memo is map titled
“Figure 1 — Lake Wentworth BMP Ranking Map” that details the Tributary Subwatersheds, all the
potential BMP locations and the overall BMP Ranking Results.

CEl utilized a two phased ranking system to prioritize BMP sites. It was originally intended that the first
round would reduce all the potential sites down to the top 30 and the second phase would reduce those 30
sites down to the top 4 to 6 BMP sites. The first round of ranking ultimately reduced 108 total sites down
the top 30 sites. Based on the first round of ranking criteria, the last 8 sites in the top 30 (ranking
positions 23 through 30) were actually tied in ranking position with a total of 29 ranking points. CEI then
performed a second detailed ranking process to select the final 4 to 6 BMPs which would minimize
ranking position ties. The second ranking process utilized specific watershed data and results from the
Lake Loading Response Model (LLRM) provided by FBE. Below is a summary of the methods used for
the first and second phases/rounds of BMP ranking process:

First Round — Table 1.0

CEl utilized seven different ranking criteria plus one specific tributary ranking methodology to determine
the top 30 BMPs, as seen in Table 1.0. This ranking method utilized a point system for each criterion that
were specifically categorized and weighted to determine a total point score for each BMP. The top 30
BMPs with the highest number of points were selected to be analyzed further during the second round of
ranking.

The seven criteria used for round one included; Proximity to Lake, Proximity to Tributary, Sediment
Accumulation, Ease of Implementation, Subwatershed Land Use, Potential BMP Pollutant Removal and
Maintenance Requirements. These criteria were assigned points based on a range of values for each BMP
site that can be seen under the notes for Table 1.0.
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The following ranking criteria point system was used for the first round:

“Proximity to Lake”: Within 100 feet = 5 points; 101 feet - 1,000 feet = 4 points; 1,001 - 5,000
feet = 3 points; 5,001 - 10,000 feet = 2 ; 10,000+ feet = 1 point

“Proximity to Tributary”: At Crossing =5 ; Within 500 feet =3 ; 500+ feet = 1

“Sediment Accumulation”: Severe Sedimentation = 5; Moderate Sedimentation = 3 ;

Mild Sedimentation = 1

“Ease of Implementation”: Easy, low number of issues = 5 ; Moderate, possible equipment
maneuvering/ access issues = 3 ; Difficult, expensive equipment maneuvering/ road closures = 1
“Land Use”: Urban - Industrial/Commercial = 5; Mixed Use/Major Roadway = 3 ; Low
Residential/Forested = 1

“Potential BMP Pollutant Removal”: (focus on TP) High Efficiency (>50%) = 5 ; Moderate
Efficiency (50% - 30%) = 3 ; Low Efficiency (<30%)=1; NoBMP =0

“Maintenance Requirements”: Low frequency, easy access, easy tasks = 5 ; Moderate frequency,
access issues, several tasks = 3 ; High frequency, difficult to access w/ equipment = 1

“Tributary Ranking”: From Table 1.1 - Priority Points >20 = 5; 17-19 = 4; 14-16 = 3; 12-13 = 2;
10-11=1

A specific Tributary Ranking Methodology was then used as the eighth and highest weighted criteria for the
first round of BMP selection. This tributary analysis incorporated results produced from the Lake Loading
Response Model (LLRM) and utilized a separate ranking process to determine a particular ranking score for
each of the tributary subwatersheds used in the LLRM. This tributary ranking produced a specific score for
each tributary which was then assigned to each of the BMPs based on the tributary they were located in. This
process linked the specific watershed modeling procedures performed in the LLRM into the BMP ranking
procedures and also resulted in a better “spread” of BMP locations throughout the overall watershed as
shown in Figure 1. The Tributary Ranking Methodology, shown in Table 1.1, utilized four criteria from the
LLRM data including; Watershed Size, Total Phosphorus Loading, Runoff VVolume and Attenuation Factor
to assess each potential BMP site and associated Tributary.

The following tributary ranking criteria point system was used for the first round:

Second

“Total Phosphorus Loading”: > 0.025 mg/L = 10 ; < 0.025 and > 0.020 mg/L = 6 ; < 0.020 mg/L
=2

“Watershed Size: > 1,000 acres = 3 ; < 1,000 and > 500 acres = 2 ; < 500 acres = 1

“Runoff Volume”: > 100,000,000 cf/year = 5 ; < 100,000,000 and > 25,000,000 cf/year = 3 ; <
25,000,000 cf/year = 1

“Attenuation Factor”: >0.67=5;<0.67and >034=3;<034=1

Round — Tables 2.0 & 2.1

This first round of ranking did produce a good spread of BMPs throughout the watershed, but also
produced some BMPs that were located very close to each other and at times of similar type. For this
reason, a different BMP ranking methodology was used for the second phase/round to reduce the top 30
down to the top 4 to 6 BMPs and to minimize ties as much as possible. Results of this ranking
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methodology can be seen in Table 2.0. The methodology used specific data from the watershed LLRM to
analyze each potential BMP for cost and effectiveness.

The ranking process first calculated an approximate subwatershed area for each BMP based on the model
data and also where the BMP was located within the specific tributary subwatershed. It utilized this data
to estimate an approximate impervious area and Water Quality Volume requirement using the NH
Stormwater Manual guidance. This data, combined with the specific phosphorus loading data for the
watershed that was used in the LLRM determined a phosphorus loading to each BMP as well as an
estimated phosphorus removal rate. The removal rate was also based on literature provided in the NH
Stormwater Manual. Based on each BMP size, type, location and other implementation factors, an
estimated construction and long term maintenance cost was determined. Finally, the estimated pollutant
removal and total BMP costs were used to determine a cost per pollutant removed. The top 30 BMPs
were then ranked from the lowest cost per pollutant removed to the highest cost/pollutant removed and
the top 4 to 6 BMP sites were selected as shown in Table 3.0. Provided below is a detailed summary of
the calculations used for this BMP Ranking Methodology:

In order to correlate BMP loading estimates to the LWF watershed LLRM results, specific methodology
was used in lieu of the “Simple Method”. The “Simple Method” uses a calculation which multiplies the
land use area within a specific BMP subwatershed by a specific rainfall amount to determine a runoff
volume for that subwatershed. This runoff volume is multiplied by a specific pollutant concentration for
each land use to obtain a pollutant loading to the BMP. The BMP will have a specific pollutant removal
efficiency, which will dictate how much of the pollutant loading going to the BMP is actually removed
and treated.

Typically, the “Simple Method” uses generic pollutant concentrations that are determined from published
literature which can provide results that may not be calibrated to a specific watershed or region. These
“un-calibrated” concentrations can lead to loading estimates that vary from the results determined in the
LLRM. For this reason, CEI utilized an adjusted methodology to determine the BMP TP pollutant
loading and estimated removals. Rather than using published literature to determine concentrations, TP
loading information was pulled from the Lake Loading Response Model (LLRM) for each of the studied
Tributary Areas and associated land use types. Each BMP subwatershed was broken into different land
use types similar to the LLRM. Each land use type was associated with a land use coefficient to represent
TP loading per acre of land on an annual basis. A specific BMP TP loading was calculated for each site
by multiplying the LLRM TP loading coefficient by the specific BMP subwatershed land use area in
acres. Each of the land types and corresponding TP loadings were then added to determine a total TP
loading to each BMP. Similar to the “Simple Method”, the associated BMP will also have a specific
pollutant removal efficiency that is adjusted based on site constraints to determine how much of the
estimated pollutant loading going to the BMP is actually removed and treated. This methodology is
reflected in the BMP Matrix that was used to rank the top 30 potential BMP sites in Table 2.0.

The calculation for the pollutant removal used in the BMP ranking table is as follows:

For informational purposes, The Total Tributary Area (TTA), determined from the Lake Loading
Response Model (LLRM) output (provided by FBE), was compared to the Tributary Total Impervious
Area (TTIA also from the LLRM output), Tables 2.2 and 2.3. This comparison determined the Percent
Tributary Impervious Area (%TIA) = TTIA/ TTA. These tables also provide a rough break down of land
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use type per Tributary Area for future BMP TP load estimating. A Tributary Water Quality Volume
(TWQV) was also provided in the table and is calculated using the following NH Stormwater Manual
formula: TTIA (sf) * 17/12. These large scale calculations were not used to rank each BMP, but we used
as gauges for reviewing purposes to determine if the estimates for each BMP were reasonable and would
meet the intent of the project.

Next, a BMP Drainage Area (BMP DA) was drawn in GIS to determine how much runoff (and associated
pollutant) is received by a specific BMP. The Total Tributary Area and the estimated BMP Drainage Area
were compared to determine a Percent BMP Drainage Area ratio (%BMP DA = BMP DA / TTA). This
number with the Tributary Total Impervious Area was used to compare results from the following
calculations. The BMP DA was then broken up into different land use types based on the 5 general land
type categories using the same GIS layer information and aerial photography:

e Urban (High & Medium Residential, Commercial & Industrial)
e Forest Land

e Open Land (Meadow & Low Density Residential)

e Agricultural Land

e Open Land (Bare soil, Mining, etc.)

Each of these land use types (LU) were assigned an average impervious area based on data from the State
of New Hampshire Stormwater Manual. Urban land averaged 75% impervious, Forest land average 1%
impervious, Open Land averaged 5% impervious and Agricultural land averaged 15% impervious. The
land use areas (LUA) times the percent impervious, were added together to determine a weighted average
impervious area per BMP (X LUA x IMP% = BMP IMP).

Similar to the Total Tributary Water Quality Volume, a specific BMP Water Quality Volume Required
was determined using the weighted impervious areas and the following NH Stormwater Manual formula:
(BMP WQv R) = BMP IMP (sf) * 17/12.

A BMP TP Loading was also determined using this land use type breakdown. Specific land use
coefficients (TP.qf) for each of the 5 land types were determined from the LLRM. These were multiplied
by the land use area in each BMP subwatershed to determine a total BMP TP Loading (BTPL) for each
individual BMP (£ LUA X TPcet = BTPL). The Tributary TP Loading (TTPL), determined from the
LLRM output, was compared to the BMP TP Loading (BTPL) to determine if the individual estimated TP
loads were reasonable.

A BMP Water Quality Volume Provided (BMP WQv P) was estimated from GIS and Ortho plans based
on the available space that was present to install the BMP. These volume calculations used in the
spreadsheet are all different based on available space, assumed depths, typical BMP widths and different
material porosities. A BMP Sizing Factor (BMP SF) was determined using the available space
information and volume provided compared to the BMP Water Quality Volume Required so a ratio could
be determined based on the following formula: BMP SF = BMP WQv P / BMP WQv R.

Each type of BMP was then analyzed to determine a BMP TP Pollutant Removal Efficiency (BMP TP
PRE) based on published literature from the NH Stormwater Manual. This efficiency was adjusted based
on the BMP Sizing Factor Ratio and literature based removal rates to determine a BMP Actual TP
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Pollutant Removal Efficiency using the following formula: (BMP ATP PRE) = BMP TP PRE * BMP SF.
Finally, a BMP Annual TP Pollutant Removal was determined using the adjusted BMP loading estimate
and the adjusted BMP removal efficiency: (BMP ATP PR = BMP TPL * BMP ATP PRE).

Finally, an estimated conceptual construction cost for each BMP was determined based on type, size,
location and complexity of construction. Cost data was provided from published literature and historical
construction costs from previously completed BMP projects. Contingencies were also carried for
construction and project specific costs like stabilization techniques and dredging costs. An engineering
design and permitting cost was added to these construction cost estimates to calculate total BMP costs. It
should be noted that these costs were presented for ranking purposes only and actual construction and
engineering estimates should be refined once these BMPs are selected for implementation and full scale
design completed. An estimated annual maintenance cost was also determined for each BMP and the
construction costs and projected maintenance estimates were summed to determine a total 10 year cost
per BMP. The BMP Annual TP Pollutant Removal estimates were multiplied by 10 to determine the total
pollutant removed over 10 years and these results were divided into the total 10 year projected costs to
determine a cost per amount of pollutant removed.

BMP Ranking Results

This two phased BMP ranking methodology produced 6 BMP sites that were located near the most
urbanized areas of both Lake Wentworth and Crescent Lake as shown in Table 3.0 and Figure 1. The top
6 sites are estimated to treat 84 acres of the watershed study area and approximately 37 acres of
impervious area. It is projected that the top 6 sites will remove approximately 19.5 kg (43.0 pounds) of
phosphorus per year from the watershed, which accounts for approximately 17% of the total estimated
removal for the top 30 sites shown in Table 2.0. It is anticipated over a 10 year period, that these top 6
BMP sites will cost an average of $2,100 per kilogram of phosphorus removed from the watershed.
Four of these top 6 sites have been conceptualized and preliminary designs have been prepared for
implementation. These four BMPs are estimated to reduce the total TP loading by nearly 16 kg/year.
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Appendix E: List of BMP Sites

Appendix E.2 — Top 6 BMP Locations

BMP 10 yr Cost
viao | To Drii'\:: olim E:x'/'i)ous BMP TP BMP |BMPWQuv| BMP F?O'\I’:Etlst Annual TP | Conceptual | BMP Annual |7 ?g”nd
P P 1BmP Description | Tributary & pe Loading | BMP Type | Workable | Provided | Sizing Pollutant | BMP Cost | Maintenance Rank
ID |30ID Area Drainage Removal . . Pollutant
(kglyear) Area (cf) Factor L Removal | Estimate [Cost Estimate
(acres) |Area (acres) Efficiency (kalyear) Removed
w ($/kg)
Stabilization &
39 |Rey | WentworthState | - Lake 5.70 0.86 215 | Infiltration | 13660 | 3,124 | 100% | 60% 1.29 $19,607 $500 $1,908 | 1
Park BMPs Wentworth
BMPs
M’\Io(te;(lt-t OS(t)TJihLIz\l/Ikaein Crescent Detention Area
67 | R-13 . 30.83 17.82 19.42 / Gravel 16,800 64,686 100% 55% 10.68 $203,197 $250 $1,926 2
Street Drainage Lake
Wetlands
Outlet
Gov Went Hwy A
40 | R4 |Shoulder & Pull-off| L2 5.33 2.86 3.58 Infiltration | 45200 | 10370 | 100% | 60% 2.15 $46,069 $500 $2375 | 3
4 Wentworth BMPs
Camp Bernadette Lake Infiltration 0 0
70 | R-6 Beach Area / Access| Wentworth 14.78 6.31 7.31 BMPs 7,800 9,360 41% 60% 1.79 $38,285 $500 $2,416 4
Crescent Lake Ave -| - o ont Treatment
96 | R-28 |Old Failed Level Lip 13.26 4.60 5.66 15,000 15,000 90% 25% 1.27 $26,029 $500 $2,441 5
Lake Swales
Spreader
Pleasant Valley Rd | Townsend Bioretention . .
79 | R-25 @ DeVyler Farm | Brook East 14.38 4.40 7.98 Area 5,000 7,000 44% 65% 2.27 $52,211 $500 $2,516 6
TOTALS: 84.28 36.85 46.10 19.46 $385,398 $2,750
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Appendix E: List of BMP Sites

Appendix E.3 — Top 30 BMP Locations by Watershed

Lake Wentworth BMP Ranking

10 yr Cost
BMP BMP Annual | Conceptual |Conceptual | Conceptual BMP Annual | Per Pound
Map | Top . . BMP.TP Impervious BMP WQv TP Pollutant BMP BMP BMP Conceptual Maintenance TP
BMP Description Tributary Loading . . BMP Type . . L BMP Cost Rank
ID | 301D (kglyear) Drainage Required (cf) Removal |Construction Design Permitting Estimate Cost Pollutant
ary Area (acres) (kglyear) Cost Cost Cost Estimate Removed
($/kg)
Stabilization &
21| Rep | WentworthStatePark | - Lake 2.15 0.86 3,124 Infiltration 1.29 $9,607 $5000 | $5000 | $19,607 $500 $1,908 | 1
BMPs Wentworth
BMPs
Gov Went Hwy Shoulder Lake Infiltration
19| R-8 & PUll-Off #2 Wentworth 3.58 2.86 10,370 BMPs 2.15 $33,569 $7,500 $5,000 $46,069 $500 $2,375 2
Camp Bernadette Beach Lake Infiltration
103 | R-18 Area/ Access Wentworth 7.31 6.31 22,909 BMPs 1.79 $25,785 $7,500 $5,000 $38,285 $500 $2,416 3
Pleasant Valley Rd @ | Townsend Bioretention
20| R-9 B [ Brook East 7.98 4.40 15,973 Area 2.27 $39,711 $7,500 $5,000 $52,211 $500 $2,516 4
Gov Went Hwy Pull Off Lake Infiltration
36| R-14 # Wentworth 2.56 2.04 7,394 Trenches 1.24 $16,529 $5,000 $5,000 $26,529 $500 $2,534 5
. . Fernald Stormwater
22| R-10 | Trite Enterprise - South Brook 8.62 7.78 28,256 Wetlands 241 $48,485 $7,500 $2,500 $58,485 $500 $2,629 6
Red Brook Circle @ Lake Lake Bioretention
39| R-11 | Wentworth - Culvert/ 4.26 3.14 11,413 2.77 $56,592 $10,000 $5,000 $71,592 $500 $2,763 7
Wentworth Area
Outfall
. . Fernald Stormwater
40| R-4 | Trite Enterprise - North Brook 3.75 3.20 11,599 Wetlands 1.69 $31,954 $7,500 $2,500 $41,954 $500 $2,780 8
Lake Vegetated
70| R-6 | 120 Townsend Shore Rd Wentworth 1.87 0.49 1,765 Buffers 0.43 $2,479 $2,500 $2,500 $7,479 $500 $2,906 9
Birchmont Camp - Beach| Morrill Bioretention
74| R-7 parking area Brook 4.37 3.08 11,192 Area 1.21 $23,603 $5,000 $5,000 $33,603 $500 $3,196 10
Lake Treatment
84| R-26 Fern Ave Beach Wentworth 1.49 0.52 1,870 Swales 0.37 $2,061 $2,500 $2,500 $7,061 $500 $3,229 11
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Appendix E: List of BMP Sites

Appendix E.3 continued

Lake Wentworth BMP Ranking

10 yr Cost
BMP BMP Annual [ Conceptual |Conceptual | Conceptual BMP Annual | Per Pound
Map | Top o . BMP.TP Impervious BMP WQv TP Pollutant BMP BMP BMP Conceptual Maintenance TP
BMP Description Tributary Loading . . BMP Type . . L BMP Cost Rank
ID | 301D (kalyear) Drainage Required (cf) Removal |Construction| Design Permitting Estimate Cost Pollutant
oy Area (acres) (kglyear) Cost Cost Cost Estimate Removed
($/kg)
Lake Vegetated
37| R-24 Albee Beach 0.68 0.39 1,418 0.30 $1,953 $1,500 $1,500 $4,953 $500 $3,268 12
Wentworth Buffers
44| R19| 125Turtlerslandrd |, B3¢ 1.82 1.24 4,500 Vegetated 0.82 $12,398 | $5000 | $5000 | $22,398 $500 $3350 | 13
Wentworth ’ ’ ! Buffers ' ’ ! ! ! !
38| Rog | \WlleyBrook Sediment | - Wiley 251.10 N/A N/A Dredging 57.33 $235017 | $5000 | $15,000 | $255017 $0 $4.464 | 14
45 | Regp | Fermald Brook Seciment | - Fernald 82.30 N/A N/A Dredging 20.00 $82,315 | $5000 | $15000 | $102315 $0 $5,115 | 15
95| R-22 | 7-11 Store Parking Lot F;:Qg:(d 0.72 0.67 2,437 B'°r;trzg“°" 0.47 $12,082 $5,000 $5,000 | $22,082 $500 $5756 | 16
Cotton Valley Rail-Trails Lake Vegetated Filter
90| R-17 L ake Wentworth Wentworth 0.80 0.11 410 Strip 0.19 $5,000 $2,500 $5,000 $12,500 $500 $9,109 17
(GG L Herse: Leaching Catch
92| R27 | TrackRd @ Hersey Y 9.98 7.74 28,095 ol 0.13 $50,000 | $10,000 $5,000 | $65,000 $500 $54,759 | 18
Brook Broo asins
Birchmont Camp - Steep Lake Treatment
79| R-25 Access Road Wentworth 1.13 0.91 3,300 Swales & LCBs 0.07 $30,000 $7,500 $5,000 $42,500 $300 $61,620 19
g2| Re16 | ConterSt@Femald | Femald 3.84 333 12087 | LechngCach| 4 g $40000 | $7.500 | $5000 | $52,500 $400 $61,733 | 20
Brook Brook Basins
Orchard Drive & Pleasant Townsend Leaching Catch
104 | R-30 | Valley Rd @ Townsend 1.63 1.28 4,629 9 0.05 $20,000 $5,000 $5,000 $30,000 $200 $63,201 21
Brook Brook East Basins
I8 [H1 (-l Wile Leaching Catch
23| R-23 Went Hwy @ Wiley Y 1.58 0.98 3,560 9 0.06 $32,000 $7,500 $5,000 $44,500 $200 $72,723 22
Brook Basins
Brook
LAKE WENTWORTH TOTALS: 403.52 51.32 186,301 97.16 $1,057,539 $9,100
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Appendix E: List of BMP Sites

Appendix E.3 continued

Crescent Lake BMP Ranking

10 yr Cost
BMP BMP Annual | Conceptual |Conceptual | Conceptual BMP Annual | Per Pound
Map | Top o . BMP.TP Impervious BMP WQv TP Pollutant BMP BMP BMP Conceptual Maintenance TP
BMP Description Tributary Loading . . BMP Type . . L BMP Cost Rank
ID | 30ID (kglyear) Drainage | Required (cf) Removal |Construction| Design Permitting Estimate Cost Pollutant
ary Area (acres) (kglyear) Cost Cost Cost Estimate Removed
($/kg)
Next to the Lake Motel - Crescent Detention Area /
67| R-13 South Main Street 19.42 17.82 64,686 10.68 $178,197 $20,000 $5,000 $203,197 $250 $1,926 1
- Lake Gravel Wetlands
Drainage Outlet
Crescent Lake Ave - Old [ Crescent Treatment
96| R-28 Failed Level Lip Spreader Lake 5.66 4.60 16,702 Swales 1.27 $18,529 $5,000 $2,500 $26,029 $500 $2,441 2
Kingswood Condos - Crescent Bioretention
68| R-1 | Lower Condos & Lake Lake 5.17 3.53 12,824 Area 1.98 $37,488 $7,500 $5,000 $49,988 $500 $2,777 3
Access
NI SIS Crescent Bioretention
66 | R-15 South Main Street Lake 5.30 4.76 17,285 o, 2.46 $61,091 $10,000 $5,000 $76,091 $500 $3,300 4
Entrance
Kingswood Condos - Crescent Treatment
65| R-5 Upper Area & Gravel 1.73 1.39 5,058 0.43 $5,574 $2,500 $1,500 $9,574 $500 $3,371 5
Lake Swales
Access
Huggins Hospital - Back [ Crescent Bioretention
63| R-21 PaIKing Arca Lake 1.30 121 4,381 Area 0.85 $21,723 $5,000 $5,000 $31,723 $500 $4,341 6
Cotton Valley Rail-Trails{ Crescent Infiltration
48 [ R-20 Crescent Lake Lake 0.43 0.06 223 Trenches 0.26 $5,000 $2,500 $5,000 $12,500 $500 $6,732 7
South Main Street & Crescent Leaching Catch
100 | R-29 Coves End Road Lake 243 2.36 8,549 Basins 0.10 $50,000 $10,000 $2,500 $62,500 $500 $66,013 8
CRESCENT LAKE TOTALS: 41.44 35.73 129,708 18.03 $471,602 $3,750
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Appendix E.4 — Prioritization of Potential BMP Locations (108 sites)

L Potential
. Lo Proximity . . . —
Map ID Previous BMP Description | Tributary Proximity © Sedlmen‘t Ease of _ Trlbutlary L] Use BMP Maln‘tenance Prlgrlty el
Map ID to Lake . Accumulation | Implementation | Ranking Pollutant | Requirements Points
Tributary
Removal
Kingswood Condos - .
68 71 Lower Condos & Lake 3 5 5 5 5 5 5 3 36 1
Lake
Access
. . Fernald
21 21 Trite Enterprise - North 3 5 5 5 4 5 5 3 35 2
Brook
Gov Went Hwy Pull | Wentworth
38 38 Off #1 Lake 5 5 3 5 5 3 5 3 34 3
Gov Went Hwy Wentworth
401 41,4243 |50 ider & Pull-Off #2|  Lake ° ° 3 5 5 3 5 8 34 8
Kingswood Condos - .
65 68 Upper Area & Gravel 3 3 5 5 5 5 5 3 34 3
Lake
Access
Camp Bernadette Wentworth
0 3,74 Beach Area / Access Lake 5 5 3 3 5 5 5 3 3 3
Red Brook Circle @
| 718 Lake Wentworth - Welr_‘;‘“k’g”h 5 5 5 5 5 1 5 3 34 3
Culvert / Outfall
. Fernald
19 19 7-11 Store Parking Lot 3 5 3 5 4 5 5 3 33 8
Brook
20 20 Center St @ Fernald Fernald 3 5 3 5 4 3 5 5 23 8
Brook Brook
. . Fernald
22 22 Trite Enterprise - South 3 3 5 5 4 5 5 3 33 8
Brook
Wentworth State Park | Wentworth
39 39,40 BMPs Lake 5 5 1 5 5 3 5 3 32 11
Cotton Valley Rail-
45| 48 Trails - Lake Wentworth 5 5 3 3 5 3 3 5 32 1
Lake
Wentworth
Next to the Lake Motel .
67 70 South Main Street 3 3 5 3 5 5 5 3 32 11
. Lake
Drainage Outlet
Center St & Trotting
Hersey
36 36 Track Rd @ Hersey 3 5 3 5 2 3 5 5 31 14
Brook Brook
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Appendix E.4 continued

- Potential
. L Proximity . . . o
Map ID Previous BMP Description | Tributary Proximity @ Sedlmen.t Ease of ' Trlbut.ary Land Use BMP Maln'tenance Prlquty Rank
Map ID to Lake . Accumulation | Implementation | Ranking Pollutant | Requirements Points
Tributary
Removal
Next to the Lake Motel Crescent
66 69 South Main Street 2 3 3 5] 5! 5 5 3 31 14
Lake
Entrance
Orchard Drive & Townsend
82 86 Pleasant VValley Rd @ 3 5 3 5 4 1 5 5 31 14
Brook East
Townsend Brook
Birchmont Camp - | Wentworth
%0 94 Steep Access Road Lake 4 3 3 ! 5 5 5 5 31 14
No Fernald Brook Fernald
103 Previous Sediment Delta Brook 5 5 5 ! 4 5 5 ! 31 14
a| a7 Albee Beach Wentworth 5 5 1 3 5 3 3 5 30 19
Lake
Cotton Valley Rail- Crescent
48 51 Trails - Crescent Lake Lake 3 5 3 3 5 3 5 8 30 19
Huggins Hospital - Crescent
63 66 Back Parking Area Lake 3 3 1 ° ° 5 5 3 30 19
95| 99 125 Turtle Island Rd WEE;"IZ;’”'] 5 3 1 5 5 1 5 5 30 19
North Line Rd & Gov
23 23 Went Hwy @ Wiley [Wiley Brook 3 5) 1 5) 4 1 5 5 29 23
Brook
37| a7 Fern Ave Beach | "Ventworth 5 5 3 5 4 3 1 3 29 23
Lake
Pleasant Valley Rd @ | Townsend
& e DeVyler Farm Brook East 8 3 8 S 4 8 5 3 2 23
84 88 120 Townsend Shore | Wentworth 4 1 3 5 5 1 5 5 29 23
Rd Lake
9 9% Blrchmont_Camp - Morrill 5 9 3 1 5 5 5 3 29 23
Beach parking area Brook
Crescent Lake Ave - Crescent
96 100 Old Failed Level Lip 2 1 5 3 5 3 5 5 29 23
Lake
Spreader
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Appendix E.4 continued

L Potential
. .o Proximity . . . -
Map ID Previous BMP Description | Tributary Proximity to Sedlmen_t Ease of _ Trlbu’(ary Land Use BMP Maln_tenance Prlgrlty Rank
Map ID to Lake . Accumulation | Implementation | Ranking Pollutant | Requirements Points
Tributary
Removal
South Main Street & Crescent
100 104 Coves End Road Lake 2 1 3 5 5 3 5 5 29 23
104 |  No  [Willey Brook Sediment),\ o prook| s 5 5 1 4 3 5 1 29 23
Previous Delta
43 46 Center St @ Harvey Harvey 3 5 3 3 3 3 5 3 28 31
Brook Brook
6 49 Center St @ Evans Crescent 3 3 5 1 5 3 3 5 28 31

Brothers Lake

Crescent Lake Boat Crescent
51 54 Launch - Upper & 5 3 3 5 3 1 5 28 31
. Lake
Parking Area
Crescent Lake Boat Crescent
52 55 Launch - Boat Access Lake 3 5 3 3 5 3 5 1 28 31
& Lower Parking Area

Crescent

54 57 33 Crystal Shore Lane Lake 3 3 3 5 5 1 3 5 28 31
55| 58 |41 Crystal Shore Lane Crf:ﬁz”t 3 3 3 5 5 1 3 5 28 31
56| 59 4 Shady Lane Weﬂ;‘”k’gnh 3 3 3 5 5 1 5 3 28 31
57| 60 6 Shady Lane WeC;‘”k’gnh 3 3 3 5 5 1 5 3 28 31
58| 61 | 60Holden Shore Rd Weg‘”k’:”h 3 3 3 5 5 1 5 3 28 31
50| 62 92 Holden Shore Rd Weﬂ;":;’”h 3 3 3 5 5 1 3 5 28 31
61| 64 242 McNamus Rd Crf:ﬁznt 3 3 3 5 5 1 3 5 28 31
2| 76 88 Churchill Rd Weﬂ;"kvsnh 5 3 5 1 5 1 3 5 28 31
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Appendix E.4 continued

Previous Proximit: PEa7 Sediment Ease of Tributar Potential Maintenance Priorit
Map ID M ”L; BMP Description | Tributary to Lak Y to A lati imol tati R L:( Y| Land Use BMP R ) i Poi ty Rank
ap o Lake Tributary ccumulation | Implementation anking Pollutant equirements oints
73| 77 96 Churchill Rd | Ventworth 5 3 5 1 5 1 3 5 28 31
Lake
30 30 Middle Rd @ Harvey Harvey 2 5 3 5 3 1 3 5 27 m
Brook Brook
Beach Pond Rd @ Harvey
32 32 Harvey Brook Bl 2 5 3 5 3 1 5 3 27 44
35 35 Center St @ Albee Hersey 3 3 5 3 9 5 1 5 27 m
Contractors Brook
Pleasant Valley Rd @
78| 82 Townsend Brook | 1 oWnsend 3 5 1 1 4 3 5 5 27 44
Brook East
(West)
85 89 100 Townsend Shore | Wentworth 4 3 3 3 5 1 3 5 97 m
Rd Lake
Warren Sands Rd @
89| 93 | Warren Brook (Gravel | Venworth 4 1 5 3 5 1 5 3 27 44
X Lake
Pit)
Birchmont Camp - Morrill
91 % | GOuside of the beach |  Brook 5 2 8 1 S 5 1 5 21 4
99| 103 Fire Station Crescent 2 1 1 3 5 5 5 5 27 44
Lake
Center St @ Wiley .
14 14 Brook (South) Wiley Brook 2 5 1 1 4 3 5 5 26 52
u| Bryant RA @ Frost | ¢ ot Brook 3 5 1 5 3 1 3 5 26 52
Brook
Trotting Track Rd Harvey
3 3 (East) @ Harvey Brook|  Brook 8 8 ! 5 8 ! 5 S 26 52
Whitten Neck & Lake | Crescent
. 20 Went @ Crescent Lake Lake ¢ g 1 1 g 1 J g 2 &
49| =2 8 Zephyr Lane Crf:ﬁ:m 3 3 3 3 5 1 3 5 26 52
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Appendix E.4 continued

- Potential
. . Proximity . . . -
Map ID Previous BMP Description | Tributary Proximity - Sedlmen.t Ease of ' Trlbut.ary Ll Usa BMP Mam'tenance Pngnty =k
Map ID to Lake . Accumulation | Implementation | Ranking Pollutant | Requirements Points
Tributary
Removal
Silver St @ Crescent | Crescent
S0 53 Lake Boat Launch Lake 8 3 ! 5 S 8 ! S 2 52
60| 63 59 Kings Pine Rd | Crescent 3 3 1 5 5 1 3 5 26 52
Lake

62| 65 204 McNamus Rd Crf;ﬁzm 3 3 3 3 5 1 5 3 26 52
64| 67 Christian Ridge Road C’f:ﬁzm 3 3 3 5 5 1 1 5 2% 52
69 72 Kingswood Regional Crescent 3 1 1 5 5 5 5 1 26 59

High School Lake

Brackett Corner Rd @ | Townsend
87 o Townsend Brook Brook East 3 5 3 5 4 1 0 5 26 52

No Townsend Brook Townsend
101 Previous | Streambank Erosion | Brook East 4 5 5 ! 4 L 3 3 e 22
Pork Hill Rd @
2 2 Unnamed Pond & | Wiley Brook 1 5 1 5 4 1 3 5 25 64
Wiley Brook
16 16 College Rd @ Wiley |\uio Brook| 3 5 1 5 4 1 1 5 25 64
Brook
North Line Rd @ Fernald
18 18 Fernald Brook Brook 3 5 ! ! 4 ! 5 5 % 64
N Pleasant Valley RA @ |10, grook 3 5 3 5 2 1 1 5 25 64
Heath Brook
Red Brook Circle /
75 79 Wentworth Estates - | Red Brook 4 3 5 5 1 1 1 5 25 64

Upper Drainage

Point O Pines @ Townsend
u el Townsend Brook Brook East 4 g S s 4 ! 0 g 22 eX

Pleasant Valley Rd @ | Townsend

8 84 Townsend Brook (East)| Brook East
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Appendix E.4 continued

. Potential
. . Proximity . . . A
Map ID Previous BMP Description | Tributary Proximity o Sedlmen_t Ease of _ Trlbut_ary Land Use BMP Mam_tenance Prlgrlty Rank
Map 1D to Lake . Accumulation | Implementation | Ranking Pollutant | Requirements Points
Tributary
Removal
Pleasant Valley Rd - | Wentworth
2 = Residential Site Lake 4 E S ! ° ! ! S 2 <t
Pleasant Valley Rd @ 3| Townsend
8 92 Lot Subdivision Brook East 3 ! 5 5 4 ! ! 5 2 64
93| o7 Martin Hill Rd Morrill 3 1 5 5 4 1 1 5 25 64
Brook
Huggins Hospital - Old
97| 101 |Storm Water Detention| CT®CeM 2 1 3 3 5 5 3 3 25 64
Lake
Pond
Christian Ridge Road - | Crescent
98 102 Wetlands Lake 2 3 5 1 5) 3 & 3 25 64
102 Ng Trott!ng Track Rd Hersey 3 3 5 3 9 3 3 3 25 64
Previous Drainage Swale Brook
No Townsend Brook Townsend
107 Previous Sediment Delta Brook East S ° E ! 4 ! > ! 2 <t
Center St @ Wiley .
10 10 Brook (North) Wiley Brook 2 3 1 1 4 3 5 5 24 78
a1 44 Bryant Rd @ Ryefield | Ryefield 3 5 1 5 1 1 3 5 2 78
Brook Brook
Turtle Island Rd @ Morrill
42 45 Morrill Brook Brook 4 5 3 ! 4 ! ! 5 24 8
76| 80 New Garden RA@ | 1o grook| 2 5 3 5 2 1 1 5 24 78
Heath Brook
Stoneyfield Farm Rd @[ Townsend
8 87 Townsend Brook Brook East 3 5 8 3 4 ! 0 5 24 8
No Harvey Brook Harvey
106 Previous Sediment Delta Brook S 5 © ! E ! S ! i e
Stoddard Rd @ Wiley .
12 12 Brook (North) Wiley Brook 1 1 5 5 4 1 1 5 23 84
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Appendix E.4 continued

A Potential
. L Proximity . . . .
Map 1D Previous BMP Description | Tributary Proximity @ Sedlmen_t Ease of _ Trlbut_ary Land Use BMP Mam_tenance Prlgrlty Rank
Map 1D to Lake . Accumulation | Implementation | Ranking Pollutant | Requirements Points
Tributary
Removal
17 17 College Rd @ Clay Pit| Clay Pit 3 5 1 5 9 1 1 5 23 84
Brook Brook
5| 25 Cotton ValleyRA @ | ¢ ¢ ook 2 1 3 5 3 1 3 5 23 84
Frost Brook
Cotton Valley Rd @ Ryefield
) ) Ryefield Brook Brook 2 5 3 S ! ! ! 5 3 84
53| 56 37 Blackberry Lane Crf;ﬁzm 3 3 0 5 5 1 1 5 23 84
Wentworth Farm Rd @ Morrill
% %8 Morrill Brook Brook 8 5 8 ! 4 ! ! 5 3 8
105 Ng Hersey Brook Sediment|  Hersey 5 5 3 1 2 1 5 1 23 84
Previous Delta Brook
6| 26 Jenness Farm RA @ | ¢ ooy ook 2 1 5 5 3 1 0 5 22 91
Frost Brook
108 | N | Kingswood Golf Clup | €TeSceN 3 1 1 3 5 3 3 3 22 01
Previous Lake
Pork Hill Rd @ Batson |, ,.
1 1 Pond & Wiley Brook Wiley Brook 1 3 1 & 4 1 & 5 21 93
Center St by Johnson .
3 3 Rd @ Unnamed Pond Wiley Brook 1 5 1 3 4 3 1 3 21 93
1 11 HEWES LI @Y e e 1 1 3 5 4 1 1 5 21 93
Brook
Middle Rd & Beach Harve
31 31 Pond Rd @ Harvey y 2 3 1 5 3 1 1 5 21 93
Brook
Brook
Trotting Track Rd & Mo
34 34 Private Rd @ Hersey Y 3 5 5 1 2 1 1 8 21 93
Brook
Brook
Sargents Pond Rd @ Hersey
! ! Sargents Pond Brook 2 ! ! 5 2 ! 3 5 20 %
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Appendix E.4 continued

L Potential
. Lo Proximity . . . -
Map ID Previous BMP Description | Tributary Proximity - Sedlmen.t Ease of ' Trlbut.ary L] U BMP MamFenance Pngnty ik
Map ID to Lake . Accumulation | Implementation | Ranking Pollutant | Requirements Points
Tributary
Removal
North Line Rd @ Hersey
8 8 Sargents Pond Brook 2 ! ! 5 2 ! : 5 L =
15 15 Bickford @ Clay Pit Clay Pit 2 5 1 3 ? 1 1 5 20 98
Brook Brook
Orchard Drive #41 & | Townsend
81 85 459 Brook West 3 1 1 5 3 1 1 5 20 98
Stoddard Rd @ Wiley .
13 13 Brook (South) Wiley Brook 1 1 1 5 4 1 1 5 19 102
Cotton Mtn Rd @ Ryefield
2 28 Ryefield Brook Brook 2 ! ¢ ° ! ! ! > & e
Beach Pond Rd @ Hersey
6 6 Sargents Pond Brook ! ! ! ! 2 ! 5 5 17 104
4 4 |UnknownRd @Wiley |y oo Brook| 1 5 1 3 4 1 0 0 15 105
Pond
9 9 Tribbets Rd @ Fernald| Fernald 9 5 0 0 4 1 0 0 12 106
Book Brook
7| op | StomehamRA@Frost| oo e 2 1 1 5 0 1 0 0 10 107
Brook
North Line Rd @
5 5 Upper Beach Pond Removed 1 0 0 0 0 1 0 0 2 108
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Explanation of Ranking

Proximity to Lake: Within 100 feet = 5; 101 feet - 1,000 feet = 4; 1,001 - 5,000 feet = 3; 5,001 - 10,000 feet =
2; 10,000+ feet =1

Proximity to Tributary: At Crossing = 5; within 500 feet = 3; 500+ feet = 1
Sediment Accumulation: Severe Sedimentation = 5; Moderate Sedimentation = 3; Mild Sedimentation = 1

Ease of Implementation: Easy, low number of issues = 5; Moderate, possible equipment maneuvering/ access
issues = 3; Difficult, expensive equipment maneuvering/road closures = 1

Tributary Ranking: From Table 1.1 - Priority Points >20 =5; 17-19 = 4; 14-16 = 3; 12-13=2;10-11=1
Land Use: Industrial/Commercial = 5; Mixed Use/Major Roadway = 3; Residential/Forested = 1

Potential BMP Pollutant Removal: (focus on TP) High Efficiency (>50%) = 5; Moderate Efficiency (50% -
30%) = 3; Low Efficiency (<30%) = 1; No BMP =0

Maintenance Requirements: Low frequency, easy access, easy tasks = 5; Moderate frequency, access issues,
several tasks = 3; High frequency, difficult to access w/ equipment = 1
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Appendix E.5 — Lake Wentworth BMP Ranking Map
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Appendix F:
BMP Conceptual Designs
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SITE 1 - TREATMENT/INFILTRATION SWALES AND SITE
STABILIZATION AT WENTWORTH STATE PARK

DESCRIPTION:

PROPOSED BMPS AT WENTWORTH STATE PARK WILL INCLUDE STABILIZATION s
TECHNIQUES AND INFILTRATION DEVICES TO MANAGE POLLUTANT LADEN ’ ? SITE 1
STORMWATER FROM RUNNING OVER THE BEACH AND PARK AREA AND WASHING - 7 PROJECT &
DIRECTLY INTO LAKE WENTWORTH. STABILIZATION TECHNIQUES WILL INCLUDE @ LOCATION

EROSION CONTROL FABRICS, VEGETATION, MULCH, FILTER SOX TO PROTECT BARE
SOIL AND EXPOSED TREE ROOTS AND PERVIOUS MATERIALS TO PROVIDE FORMAL
FOOTPATHS AND VEHICLE PARKING. INFILTRATION DEVICES WILL INCLUDE RAIN
GARDENS AND INFILTRATION TRENCHES TO REDUCE THE AMOUNT OF RUNOFF
FROM THE PARK AND ROADWAY ONTO THE BEACH AREA.

DESIGN:

TOPOGRAPHIC SURVEY AND TEST PITS TO CONFIRM GROUNDWATER DEPTH AND
SOIL TYPE ARE RECOMMENDED TO COMPLETE THE DESIGN OF THESE BMPS.

FINAL DESIGN SHOULD INCLUDE ADEQUATE SIZING, LOCATING AND SPECIFYING OF
STABILIZATION MATERIALS AND PROPER BMP VOLUME SIZING TO ENSURE
COMPLIANCE WITH LOCAL AND STATE STORMWATER STANDARDS FOR
INFILTRATION DEVICES.

LAND ACCESS:

ALL PROPOSED WORK WILL BE LIMITED TO THE TOWN OF WOLFEBORO RIGHT OF
WAY AND WENTWORTH STATE PARK WHICH IS OWNED AND OPERATED BY THE
STATE OF NEW HAMPSHIRE. COORDINATION WILL BE REQUIRED TO OBTAIN

PERMISSION FROM THE STATE. LOC US

PERMITTING: PROJECT DETAILS:
WORK WILL OCCUR WITHIN BUFFERS OF LAKE WENTWORTH, BUT NO ACTIVITIES

WILL BE PROPOSED TO LAND UNDER WATER OR DESIGNATED WETLANDS. LOCAL
PERMISSION THROUGH THE CONSERVATION COMMISSION AND POSSIBLY STATE SUBWATERSHEDS: LAKE WENTWORTH
PERMISSION THROUGH THE PERMIT BY NOTIFICATION PROCESS WILL BE

REQUIRED FOR THIS WORK. TREATED AREA =5.70 ACRES
IMPERVIOUS AREA = 0.86 ACRES

CONSTRUCTION:
NO SPECIAL CONSTRUCTION WILL BE REQUIRED FOR THIS PROJECT SITE.
STANDARD MATERIALS CAN BE USED AND CUSTOMARY CONSTRUCTION ESTIMATED COSTS: $18,000 - $24,000
PRACTICES CAN BE EMPLOYED TO IMPLEMENT THESE BMPS. BASED ON THE

PROXIMITY TO THE LAKE AND THE PRESENCE OF STANDING WATER AT THE TIME

OF SITE VISITS, SOME EXCAVATIONS WILL ENCOUNTER GROUNDWATER AND STORM WATER DESIGN STANDARD | (oo e
REQUIRE PUMPING.
PRE-TREATMENT VOLUME 300 300
MAINTENANCE:
STABILIZATION BMPS WILL REQUIRE ROUTINE MAINTENANCE TO ENSURE HEALTHY | WATER QUALITY VOLUME 3,100 3,100
VEGETATIVE COVER INCLUDING WATERING, VEGETATION MONITORING, REPAIRS,
RE-SEEDING, MOWING AND POSSIBLY WEEDING. INFILTRATION BMPS WILL RECHARGE VOLUME 470 2,000
REQUIRE STANDARD MAINTENANCE TO MAKE REPAIRS AND REMOVE SEDIMENT AS TARGET ACHIEVED
NEEDED TO MAINTAIN INFILTRATING CAPABILITIES. STORM WATER QUALITY BENEFIT (KGIYEAR) (KGIYEAR 1 %)
ANNUAL TP LOADING / REMOVAL 215 1.29 (60%)
ANNUAL TSS LOADING / REMOVAL 10.91 9.82 (90%)

GENERAL NOTES

1. MAP BASED ON TOWN OF WOLFEBORO

TOWN OF WOLFEBORO

GIS AND STATE OF NEW HAMPSHIRE NEW HAMPSHIRE @WENTWO&
(GRANIT) GIS DATABASES \53' >
2. MAP SCALES ARE APPROXIMATE Lake Wentworth
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SITE 2 - TREATMENT PONDS AND SWALES

FOR SOUTH MAIN STREET DRAINAGE
DESCRIPTION:
PROPOSED BMPS FOR S. MAIN ST DRAINAGE WILL INCLUDE CONVEYANCE BMPS AND
STORMWATER HANDLING DEVICES TO MANAGE STORMWATER RUNNING THROUGH A
WOODED AREA AND ERODING SOILS PRIOR TO DISCHARGE INTO CRESCENT LAKE.
CONVEYANCE BMPS WILL INCLUDE STABILIZED TREATMENT SWALES FITTED WITH
CHECK DAMS, PLUNGE POOLS AND EROSION CONTROLS. STORMWATER HANDLING
DEVICES WILL INCLUDE A FOREBAY, LINED TREATMENT POND AND GRAVEL FILTERS
TO HANDLE PEAK RUNOFF FLOWS FROM VARYING SIZE STORMS AND TO IMPROVE
WATER QUALITY FROM THE SOUTH MAIN STREET DRAINAGE SYSTEM . THESE BMPS
WILL BE DESIGNED AND LOCATED TO MINIMIZE IMPACTS TO THE PROPERTY FROM
UNCONTROLLED RUNOFF.

DESIGN:

TOPOGRAPHIC SURVEY, CERTIFIED WETLAND REVIEW FOR RESOURCES AREAS AND
TEST PITS TO CONFIRM GROUNDWATER DEPTHS ARE RECOMMENDED TO COMPLETE
THE DESIGN OF THESE BMPS. FINAL DESIGN SHOULD INCLUDE SIZING, LOCATING AND
SPECIFYING OF STABILIZATION MATERIALS FOR USE IN THE CONVEYANCE SWALES.
PROPER BMP SIZING WILL BE USED TO ENSURE COMPLIANCE WITH LOCAL AND STATE
STORMWATER STANDARDS FOR TREATMENT PONDS TO ADEQUATELY STORE ; %
PRETREATMENT, WATER QUALITY, RECHARGE VOLUMES AND TO SAFELY CONTROL 5 » U g ITE 2

LARGER STORM EVENTS, o S ROJECT
e 5 = LOCATION

LAND ACCESS: %
ALL PROPOSED WORK WILL BE LOCATED ON TWO PRIVATE PROPERTIES IN THE TOWN
OF WOLFEBORO. ONE PROPERTY WILL REQUIRE PERMISSION FOR SITE ACCESS, WHILE LOCUS
THE OTHER PROPERTY WILL REQUIRE PERMISSION FOR CONSTRUCTION OF THE BMPS. ——
SPECIAL COORDINATION WILL BE REQUIRED TO OBTAIN BOTH TEMPORARY
CONSTRUCTION ACCESS AND PERVANENT MAINTENANGE EASEMENTS FRoM THEse P ROJECT DETAILS:
PROPERTY OWNERS.

SUBWATERSHEDS: CRESCENT LAKE
PERMITTING:

BMPS MAY REQUIRE STATE AND LOCAL PERMITS TO PERFORM THE WORK. LOCAL _
PERMISSION THROUGH THE CONSERVATION COMMISSION WILL BE REQUIRED, sTATE | REATED AREA =30.83 ACRES
PERMISSION THROUGH THE DREDGE AND FILL APPLICATION PROCESS MAY BE NEepep IMPERVIOUS AREA = 17.82 ACRES
IF ANY WETLANDS ARE ENCOUNTERED AND IMPACTED. IMPACTS SHOULD BE KEPT TO

A MINIMUM TO PREVENT THE NEED FOR AN ALTERATION OF TERRAIN PERMIT. ESTIMATED COSTS: $200 000 - $21 0.000
CONSTRUCTION:
STANDARD MATERIALS CAN BE USED AND CUSTOMARY CONSTRUCTION PRACTICES | s1orm WATER DESIGN STANDARD TARGET ACHIEVED
CAN BE EMPLOYED TO IMPLEMENT THESE BMPS. SOME LARGE PRECAST CONCRETE (cubic feet) (cubic feel)
STRUCTURES WILL BE REQUIRED WITH CONSIDERABLE EXCAVATION. A SIGNIFICANT PRE-TREATMENT VOLUME 6,500 6,500
AMOUNT OF SITE CLEARING IS REQUIRED FOR THESE BMPS AND ACCESS ROADS WILL
BE CONSTRUCTED. SOME GROUND AND SURFACE WATER HANDLING WILL BE WATER QUALITY VOLUME 64,700 64,700
REQUIRED DURING CONSTRUCTION.
RECHARGE VOLUME 9,700 20,000
MAINTENANCE:
BMPS WILL REQUIRE ROUTINE MAINTENANCE TO ENSURE HEALTHY VEGETATIVE STORM WATER QUALITY BENEFIT &gﬁgﬁ; (Qgh"('é%%
COVER INCLUDING WATERING, VEGETATION MONITORING, EROSION REPAIRS, MOWING
AND WOODY MATERIAL REMOVAL. TREATMENT BMPS WILL REQUIRE STANDARD ANNUAL TP LOADING / REMOVAL 19.42 10.68 (55%)
MONITORING AND MAINTENANCE TO ENSURE PROPER FUNCTION AND REMOVAL
SEDIMENT AS NEEDED TO MAINTAIN TREATMENT CAPABILITIES. ANNUAL TSS LOADING / REMOVAL 26.85 22.82 (85%)
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SITE 3 - FILTER MEDIA STRIPS AND SHORELINE STABILIZATION
ALONG GOVERNOR WENWORTH HIGHWAY

DESCRIPTION:

PROPOSED BMPS ALONG THE GOV. WENTWORTH HIGHWAY NEAR CLAY PIT AND
RYEFIELD BROOK WILL INCLUDE DRAINAGE IMPROVEMENTS, STABILIZATION : ! PROJECT
TECHNIQUES AND INFILTRATION DEVICES TO MANAGESTORMWATER FROM WASHING : LOCATIONS E
OFF THE ROADWAY DIRECTLY INTO LAKE WENTWORTH. STABILIZATION TECHNIQUES o
WILL INCLUDE EROSION CONTROLS AND RIPRAP TO PROTECT BARE SOIL AND ERODED
AREAS ALONG THE SHORE LINE. INFILTRATION DEVICES WILL INCLUDE MEDIA FILTER
STRIPS ADJACENT TO THE LAKE TO REDUCE VOLUMES AND IMPROVE WATER QUALITY
OF RUNOFF. DRAINAGE IMPROVEMENTS WILL INCLUDE DRAINAGE SWALES AND
PLUNGE POOLS TO MANAGE STORMWATER ALONG ROADWAY PULL-OFFS AND
CAPTURE POLLUTANTS PRIOR TO DISCHARGE INTO BOTH TRIBUTARIES.

SITE 3 §

DESIGN:

TOPOGRAPHIC SURVEY AND TEST PITS TO CONFIRM GROUNDWATER DEPTH AND SOIL
TYPE ARE RECOMMENDED TO COMPLETE THE DESIGN OF THESE BMPS. FINAL DESIGN
SHOULD INCLUDE SIZING, LOCATING AND SPECIFYING OF STABILIZATION MATERIALS.
PROPER BMP SIZING TECHNIQUES WILL BE USED TO ENSURE COMPLIANCE WITH
LOCAL AND STATE STORMWATER STANDARDS FOR INFILTRATION DEVICES.

LAND ACCESS:

PROPOSED WORK WILL OCCUR WITHIN THE RIGHT OF WAY, WENTWORTH STATE PARK
AND ON THREE PRIVATE PROPERTIES. INSTALLATION OF FILTER MEDIA STRIPS AND
SHOULDER STABILIZATION WILL OCCUR WITHIN RIGHT OF WAYS. PERMISSION FOR
SHORELINE STABILIZATION FROM THE STATE WILL BE NEEDED. THE HIGHWAY IS ALSO LOCUS
AMUNICIPALLY MANAGED STATE ROAD, WHICH WILL REQUIRE COORDINATION WITH —
THE NH DOT. COORDINATION WILL BE REQUIRED TO OBTAIN BOTH CONSTRUCTION
ACCESS AND EASEMENTS FROM THESE PROPERTY OWNERS FOR THE DRAINAGE
IMPROVEMENTS AND PLUNGE POOLS.

PROJECT DETAILS:

SUBWATERSHEDS: LAKE WENTWORTH, FROST BROOK,
PERMITTING: RYEFIELD BROOK
WORK WILL OCCUR WITHIN BUFFERS OF LAKE WENTWORTH. TEMPORARY IMPACTS TO
LAND UNDER WATER COULD OCCUR DURING CONSTRUCTION OF BMPS ALONG THE
SHORELINE STABILIZATION. LOCAL PERMISSION THROUGH THE CONSERVATION TREATED AREA = 5.33 ACRES
COMMISSION AND POSSIBLY STATE PERMISSION THROUGH THE DREDGE AND FILL IMPERVIOUS AREA = 2.86 ACRES
PROCESS WILL BE REQUIRED FOR THIS WORK.

ESTIMATED COSTS: $46,000 - $51,000

CONSTRUCTION:
L OYED FOR THESE BMPS 10 NI NPACTS 10 LAKE WENTHORTH paGrs | TR WATERDESINSTANDARD | iy | i
TO THE ROADWAY MAY REQUIRE PAVEMENT CUTTING, EXCAVATION AND REPAIR. PRE-TREATMENT VOLUME 1,000 1,000
BASED ON THE PROXIMITY TO THE LAKE AND ROADWAY, CAREFUL EXCAVATION MUST
BE USED TO MINIMIZE LAKE WATER FROM ENTERING THE TRENCHES AND TO PREVENT |WATER QUALITY VOLUME 10,300 10,300
UNDERMINING OF PAVEMENT. SPECIAL TRAFFIC CONTROL AND PUBLIC SAFETY
PRACTICES WILL BE REQUIRED DURING CONSTRUCTION OF THESE BMPS. RECHARGE VOLUME 1,560 7,100
MAINTENANCE: STORM WATER QUALITY BENEFIT | 1 eRSC0 Ko
STABILIZATION BMPS WILL REQUIRE ROUTINE MAINTENANCE TO ENSURE HEALTHY
VEGETATIVE COVER INCLUDING WATERING, VEGETATION MONITORING, REPAIRS, ANNUAL TP LOADING / REMOVAL 3.58 2.15 (60%)
DEBRIS REMOVAL, RE-SEEDING, MOWING AND WOODY MATERIAL REMOVAL.

ANNUAL TSS LOADING / REMOVAL 8.82 7.94 (90%)
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SITE 4 - TREATMENT/INFILTRATION DEVICES AND SITE
STABILIZATION AT CAMP BERNADETTE

DESCRIPTION:

PROPOSED BMPS AT CAMP BERNADETTE WILL INCLUDE STABILIZATION AND
INFILTRATION TECHNIQUES TO MANAGE POLLUTANT LADEN STORMWATER FROM
PAVED SURFACES AND A BEACH AREA IN LAKE WENTWORTH. STABILIZATION
TECHNIQUES WILL INCLUDE EROSION CONTROL FABRICS AND VEGETATION TO
PROTECT BARE SOIL AND POROUS PAVERS OR EROSION CONTROL MULCH TO
PROVIDE FORMAL FOOTPATHS AND BOAT RAMP ACCESS. INFILTRATION DEVICES
WILL INCLUDE A RAIN GARDEN AND INFILTRATION/GROUNDWATER CUT-OFF
TRENCH TO REDUCE THE AMOUNT OF RUNOFF FROM THE CAMP ONTO THE BEACH
AREA.

DESIGN:

TOPOGRAPHIC SURVEY AND TEST PITS TO CONFIRM GROUNDWATER DEPTH AND
SOIL TYPE ARE RECOMMENDED TO COMPLETE THE DESIGN OF THESE BMPS.

FINAL DESIGN SHOULD INCLUDE ADEQUATE SIZING, LOCATING AND SPECIFYING OF
STABILIZATION MATERIALS AND PROPER BMP VOLUME SIZING TO ENSURE
COMPLIANCE WITH LOCAL AND STATE STORMWATER STANDARDS FOR
INFILTRATION DEVICES.

LAND ACCESS:

ALL PROPOSED WORK WILL BE LOCATED ON ONE PRIVATE PROPERTY IN THE
TOWN OF WOLFEBORO. SPECIAL COORDINATION WILL BE REQUIRED TO OBTAIN
TEMPORARY CONSTRUCTION ACCESS FROM THESE PROPERTY OWNERS.

PERMITTING:

WORK WILL OCCUR WITHIN BUFFERS OF LAKE WENTWORTH, BUT NO ACTIVITIES
WILL BE PROPOSED TO LAND UNDER WATER OR DESIGNATED WETLANDS. LOCAL
PERMISSION THROUGH THE CONSERVATION COMMISSION AND POSSIBLY STATE
PERMISSION THROUGH THE PERMIT BY NOTIFICATION PROCESS WILL BE
REQUIRED FOR THIS WORK.

CONSTRUCTION:

NO SPECIAL CONSTRUCTION WILL BE REQUIRED FOR THIS PROJECT SITE.
STANDARD MATERIALS CAN BE USED AND CUSTOMARY CONSTRUCTION
PRACTICES CAN BE EMPLOYED TO IMPLEMENT THESE BMPS. SOME GROUND AND
SURFACE WATER HANDLING WILL BE REQUIRED DURING CONSTRUCTION.

MAINTENANCE:

STABILIZATION BMPS WILL REQUIRE ROUTINE MAINTENANCE TO ENSURE HEALTHY
VEGETATIVE COVER INCLUDING WATERING, VEGETATION MONITORING, REPAIRS,
DEBRIS REMOVAL, RE-SEEDING, MOWING AND POSSIBLY WOODY MATERIAL
REMOVAL. INFILTRATION BMPS WILL REQUIRE STANDARD MAINTENANCE TO MAKE
REPAIRS AND REMOVE SEDIMENT AS NEEDED TO MAINTAIN INFILTRATING
CAPABILITIES.

SITE 4
PROJECT
LOCATION

LOCUS

PROJECT DETAILS:

SUBWATERSHEDS: LAKE WENTWORTH, HEATH BROOK

TREATED AREA = 14.78 ACRES
IMPERVIOUS AREA = 6.31 ACRES

ESTIMATED COSTS: $38,000 - $43,000

STORM WATER DESIGN STANDARD | (oo e
PRE-TREATMENT VOLUME 2,300 900
WATER QUALITY VOLUME 22,900 9,400
RECHARGE VOLUME 3,500 5,000
STORM WATER QUALITY BENEFIT | 1 eREZ0 Ko
ANNUAL TP LOADING / REMOVAL 7.31 2.46 (35%)
ANNUAL TSS LOADING / REMOVAL 13.44 5.38 (40%)

GENERAL NOTES

1. MAP BASED ON TOWN OF WOLFEBORO

TOWN OF WOLFEBORO

GIS AND STATE OF NEW HAMPSHIRE NEW HAMPSHIRE 5 WENT W,
(GRANIT) GIS DATABASES & e
2. MAP SCALES ARE APPROXIMATE Lake Wentworth o, A
Watershed Management Plan y: < c
i - ioti UUNDATIC g@é ENVIRONMENTAL
Site 4 - BMP Description INCORPORATED




STABILIZE ERODED
FOOTPATH AND
BOAT RAMP

REMOVE PAVED SWALE AND 4 ‘ 18’8 INSTALE INFILTRATION /

* INSTALL RAIN GARDEN WITH & GROUNDWATER CUT-OFF
OVERFLOW - | TRENCH TO MINIMIZE

BEACH EROSION

0 100
LOCUS SCALE 1" = 100"

GENERAL NOTES TOWN OF WOLFEBORO
1. MAP BASED ON TOWN OF WOLFEBORO

GIS AND STATE OF NEW HAMPSHIRE NEW HAMPSHIRE &gﬂ“w‘?‘b&,
WF

(GRANIT) GIS DATABASES o
2. MAP SCALES ARE APPROXIMATE Lake Wentworth
Watershed Management Plan ; :
Site 4 - BMP Overview CUNDATYS

NCORPORATED




i 'hh e e

;'n s o
a I ir- .f“
; ; ‘! lg !
iﬂPAVED DRAINAGE

?"'* o’

“EXISTING

STORM DRAIN
=

ERODEDBOATRAMP
~© ACCESS

GENERAL NOTES
1. MAP BASED ON TOWN OF WOLFEBORO
GIS AND STATE OF NEW HAMPSHIRE
(GRANIT) GIS DATABASES

2. MAP SCALES ARE APPROXIMATE

PHOTO #2

TOWN OF WOLFEBORO
NEW HAMPSHIRE
Lake Wentworth

Watershed Management Plan
Site 4 - BMP Site Photos

BN |
Traee ||

bl
FEf




~ ERODED BOAT _

PHOTO #4

BEACH AREA
ACCESS

BEACH AREA &
DOCK ACCESS

GENERAL NOTES

1. MAP BASED ON TOWN OF WOLFEBORO
GIS AND STATE OF NEW HAMPSHIRE
(GRANIT) GIS DATABASES

2. MAP SCALES ARE APPROXIMATE

TOWN OF WOLFEBORO
NEW HAMPSHIRE

Lake Wentworth
Watershed Management Plan
Site 4 - BMP Site Photos

ywum% %&

COUNDATO




Lake Wentworth and Crescent Lake Watershed Management Plan Appendix G: Preliminary BMP Plans

Appendix G:
Preliminary BMP Plans

December 2012 141



STIV13Aa TvY3IN3O

STIV.13A vY3INIO

STIV13A TvY3INIO

SINIWIAOHANI A3SOd0OHd - ¥ 3LIS
SLINIWINOHdNI d3SOdOYd - € LIS
SINIWIAOHANI A3SOd0OYHd - ¢ LIS
SINIWIAOHANI A3SOd0OHd - | LIS
MIIAYIAO 103rodd

ALIL

8-0
LD
9-0
$-0
-0
€0
20
-0

133HS

.000€ = .1 VIS SNOOT

- s
€3Ls
n&‘ 103rodd
-

: O/EEm )

z3Ls =

AN
Y \
'+ 103rodd /// //
¥ AN
e Sy AN
¥ 3LIS I\u

193rodd ) b |

193rodd

(NOILONYLSNOD ¥0O4 LON) ,,

SNV1d AYVNINIT3Hd
¢10¢ 11ddv

|

HN ‘O40g34T0M
SINIWIAOdHdINI 31VMINHOLS

‘NYHO0Hd LNVHO JONVLSISSVY
Q3HSYILVM 6LE'S SIA HN /Vd3a 'S'N
JHL HONOYHL A3ANN4 LO3royd

S3ADINYES TVINIWNOYHIANT 40
ININ1LHVL3A FHIHSANVYH M3N
TVLINIWNOYHIANT 'g'd
0d0d3470M 40 NMOL
NOILVIOOSSY HLHOMINIM IHV
‘HLIM NOILVNIGHOOD NI

S33LSNAL 4M1

HIHNSVYIYL - SLHI90H HLINNIA
AYVYL3HO3S - 401L00dD VANIT
1N3AIS3dd JOIA - SINOr NOAT3HS
LN3AIS3dd - T1IIANNOD.O MOVl

SANILVINISIHLIY INIFTO

AMV1 LINJOSd4H0 ® HLHOMLNIM IMV]

NOILVANNO4 HLIHOMLNIM IMV']




N

0051 =

3OS

ILVIOJYOONI
TYLNANNOIIANT
TAISNIHIIJWOD

\.

=

anss|/uolsinay

NOILONYLSNOD ¥Od LON
SNV1d AYVNIWITINd

ATNO

$3S0d¥Nd TVNLI3ONOD ¥Od A3ANILNI
NV NOILONYLSNOD ¥O4 LON 34V SNY1d
3S3HL NO 4310Id3A SINIW3AOHAWNI
YILVMWHOLS 03S0dO¥d 3HL 'S

‘a3AINUNS
N338 10N IAVH SANNOS AL¥3dONd
NV SNOILYDOT AVM 40 LHOI 7

‘Q3LOISNI
¥O0 QII41¥3A NIIF LON JAVH SAILITILA
ANNO¥O¥IANN 40 NOILYOOT IHL '€

LINVHO HN WOYA
V.va SI9 NO a3SvE 34V SNOILYANITIa
V3NV 308N0SIY TV "03LI1GN0D
N338 LON 3AVH SANVILIM QILVLIOIA
ONINIQHOE 04 NOILYANITIA ANVILEM T

‘Loz
‘22 438WIAON ANY 1102 ‘L1 HIFWIAON
NIIMLIE Q3LONANOD SNOILYOILSIANI
71314 130 ANV 110Z 40 TIv4 FHL

NI G310NANOD SNOILYOILSIANI A 1314
384 NO G3SV8 34V SV S8 AL¥IdONd
3Z1¥00 ANV SNY1d TVNLEFONOD 2

HN '0¥O83410M
40 NMOL 3HL A8 G3AINOYd NOLLYWHOANI
SI9 WININITddNS ANV HN 'O¥O83410M
40 NMOL 3HL 04 NOILYWHOANI ¥3AVT
LINVHO SI9 HN NO G3SVE SONIMVNA '+

4 N\
unous sy ‘eleos 005L = .1 9Ie9S M/ Ueid
— -
1-0 T Aq popooD : — -
108 a poubiseq 0009 0008 005+ 0 005
]
\_ aeaus 2359 'ON 9001 )
( [EEET— "SINIWINOMII ISTHL 40 NOLLVINIWT TdI OL HORId GILTTANOD
5622 XO8 Od 3 LSNW SNLLLINYIE ANV NOISIA TTVOS TIN ‘ATAUNS “ATNO SISOdNd
NOLLYONNO: HLMOMINGM BT ONINNY I 2O NOISIA TWNLdIONOD v SHId ISTHL NO G3L0IdIA SdWE '+
MIINYIAO Id
103rodd ANIWIDVNYA IHL NONH S3LIS ONINYNY ¥NO4 dOL 3HL 3V SNOILVOOT dWE '€
\. J 2102 LO3rO¥d LNIWIOVNVI
Q3HSHILYM 3HV1 LNJOSTHO ANV HLIOMINIM IV FHL O ONDINVY diNg
e V 40 LINS34 FHL 34V SNV 3S3HL NO NMOHS SYIHY LOIPOMd ¥NO4 FHL
VG080 HN MOVARRIAN “HN ‘0HOg3410M 40
133418 1043012 NMOL SHL ANV NOLLYONNOS HLMOMLNSM 35V SHL ‘SIOIALIS TYLNIWNOHIANT

40 LN3WLHVJ3A M3N AS WVHOOMd LNVHO 61€'S HONOYHL G3ANN4 103ro¥d '+

S3LON 103roNd

M3IAYIAO0 INVT LNIISFHD ® HLYHOMLINIM 3NV

/| K 40 Lo NmOL

sauIdoud
aa1ovam
7 edu3aMs
RETTT)

Y1 3HLOL LXAN

Z3us L03roud

<7 anod

HONZML
1d3O¥ILNI

(EE5107 - ozz dvw) \
ALu3doud

aatova

AILVM ONNOUD
NOLLYMLTLINI

NG ~SU
dINVY 1vO8 SNoNOd
% NIQUYO NIVY

0 133HS
3L130VNNIS dWVD
¥3US 103r0¥d

o
&

P

HLMOMLNIM
ENl

Saj0N [DIBUBY

Z/

5 -
[
o ¥ 30 LHOR WML
SaLI0Ud 0 L33HS
aaLovam AVMHOIH
= =5 UONNIAOD
= €315 103r0Nd
NoLYZIIavLS
WIAINOHS - VIGIN ¥3LTH
X & ° 8 SINIWIAONAWI ¥3IATINOHS AYMAVOY
: - JOVNIVAA AYMAVOY S "
3 s _ D A -
= ) ) J
=5rs = 2 .
/ 3 B HLVd1004
X =T b S = Eae s o s SNONOd 3 IVdTY /'
= Z ¥ ANII™OHS N
0 s AVMaVOY
= Ny & ¢
2-0 133HS. =
%y » o SVAALVIS .
® S A HLMOMINIM =t
3 < 1 3US 153roud P
7 0 % i S
N /235 a A O Ll .yl X
CioT v < - L
N Ve AV 30 LHOR NHOL -
Sa¥3ONd o
o~ aauovan
3341 snonaipaa \ : -
EENTRVEENCNEVE] \
3ovNIVia / %
39VI104 3d1d ¥IMIS &
waanos B NIVIV ¥3LYM NS
P T3nvae 40 3903 ¥IQ08 ANVILEM S
IN3W3AVd 40 3903 HO0ME | NYRLS " 4
ANVILIM B D 2
AVM 40 LHO i1 403903
VEHY SSVD ¢
3N AL¥IdONd UNOLNOD 1004 07

NOILYOOT diNg 03S0d0Nd

AN3O37 NV1d d3S0d0odd




~

w A

umous sy ‘eleag

TN Ka pxpayd
108 :Aq paubisaq

Lozl oea
2:650 ‘ON 09l0id

\_ Je8US

0 - onogaTom )
2522 x08 04
NOLLYQNOS HLKOMANEI SV

SLINIWIAOUNI
a3s0dOydd - | 3LIS

VS0E0 HIN SOV
133415 10430 12

ILVIOJYOONI
TYLNANNOIIANT
TAISNIHIIJWOD

\.

=

anss|/uolsinay

NOILONYLSNOD ¥O4 LON
SNV1d AYVNIWITINd

ATNO
$3S0d¥Nd TVNLIIONOD ¥Od A3ANILNI
NV NOILONYLSNOD ¥O4 LON 34V SNY1d
3S3HL NO 4310Id3A SIN3W3AOHAWNI

HILVMWHOLS 03SOdO¥d 3HL 'S

‘03A3AUNS
N338 1ON 3AVH SANNOS ALYIdONd
GNY SNOILYDOT AVM 50 LHOIM 7

‘G3103dSNI
YO Q3I41¥3A NIIF LON JAVH SAILITILN
ONNO¥O¥IANN 40 NOILYOOT IHL '€

LINVHO HN WOYA
V.va SI9 NO a3SvE 34V SNOILYANITIa

V3NV 30MN0SIY TV "03LI1GN0D
N338 LON 3AVH SANVILIM QILVLIOIA
ONINIQHOE 04 NOILYANITIA ANVILEM T

‘Loz
‘22 438WIAON ANV 110Z ‘L1 ¥3GWIAON
NI3MI38 031ONANOD SNOILYOILSIANI

Q71314 130 ANV 1102 40 TIv4 3HL
NI G31ONANOD SNOILYOILSIANI 41314
384 NO 03SV8 34V SdV IS8 AL¥IdO¥d
a371¥001 ANV SNY1d TVNLIFONOD 2

HN '0¥083410M
40 NMOL 3HL A8 G3AINOYd NOLLYWHOANI
SI9 WININITddNS ANV HN 'O¥O834TOM
40 NMOL 3HL 0= NOILYWHOANI ¥3AVT
LINVHO SI9 HN NO G3SVE SONIMVNA '+

Saj0N [DIBUBY

09 = .1 131295 MBI UBld

09 = .1 3OS
oz 00 ° 00 S1NIW3IAOUINI A3S0dOud - | LIS
HLYOMLNIM NOISO¥E ¥O SH3AVd ,xoo‘_u.uo._mﬂ_wz ;.__ﬂxmw_“mm
EVVal SNOIAYE HLIM SHLVd ONIITYAM TIVLSNI

3 N S100d 3341
8 ININ3YOHS A3a0¥3

V3dV HOV38 ONIOY3
WO¥4 44ONNY LN3AIHd OL
$907 HI0D ONISN ONIGHND
TIVLSNI ANV ¥3A1NOHS
AVMAVOY 3Z1I8VLS

NOILVLIOIA ANV WYOT / )
*0l¥AV4 TOMINOD NOISOM3 ( | {
HLIM S100d 3341 10310dd ¢ |

ANV NOISO¥3 dIvd3y ¢

Y3HY HOV34 ® ¥3AINOHS
AVMAvYO¥ d3aoyd3
WIY3LYN X0018-039
ONISN JONVHINT
HOV3E TVWHO4 TIVISNI  /

440NNY YHVd ANY
AVMAYOY 31aNVH OL
NIAHVYO NIVY HO VIV
NOILYHLTIANI TIVLSNI

VIHY NOLLYHLTISNI
0L 440NNY LO3XIA OL
FIVMS FOVNIVHA TIVLSNI
ANY ¥3ATINOHS 3avH9-3Y
Y ~

001 = 1 =TS 39S Ol ION
MIIAY3A0 OHLYO - | 3LIS S7Iv.13a a3s0doyd - | LIS
oeva LT
nois
3HSNHO GZHSW 1334 VAN 01 axEna
Trvas Na000M

)

THSNLYN HSavLSS 2ovid

OLGITVISNI 201014 APtao3s oL sang

350N00

ssono-amots—_|
(Q3HSNHD QIHSYM .B/E T

MOT3E HOLVIX OL MIOANISTH

TN O SNOHOS SOVAUNSENS vt
SNFTUHLIAT0A

90018030

105 azguNLSIaNN

0078 313ONOD sy
SNONOJ LSVOZMd

31714 NINOMNON

saon
TU3 0L XIN TINVID.
0 GNVS 35UN0O.

EIECETS
QWY IYOT 0 SI0A
114 0L XIN TIAVID

¥O0 GNVS 3S4N0D.

ﬂ 35uN00 ¥AL:

SNO¥Od 18YOF¥d. A A

OlEY4 03 AUNE

VI
IN3WAYd 40 3903 Hov3g
VUV ONDVY 0OL3d0Ts
4FQINOHS T3AVHO y344na
¥30INOHS. ONILSIXT HOLYIN OL
AVMQYOM 3LV1303A 0338 3 VO
NN ENGECEN
AOTIE HOLYW OL OIS
FOV-RINSANS FVaTid
3uv.1393n
o morso saon o o

anois
Q3SR a3HSYM

NOLLVLENZd
15043 ONY 03IN0RS
SN0 FOWIOLS

NO G358 SIH1d3a

NIHIVIM ONIZIRES

381SNN MOTREBAO NY




0L = .1 91298 M3 Ueld

0L = .1 3v0s

. \

4 S1NIW3IAO¥UdINI A3S0dOud - ¢ LIS
umous sy ‘oreos
A"
mwlo TN Ad Py I \\ baa
< poub ey sssouiacn
o8 lppoee e ———— 7 somvo
Zi00y ora et i
\_ aeaus 2359 0N 09001 ) (L0E0 107~ zE2 dViN | 7 e FOVNIVSA NIV -
o inosit S WO TIvAILNG
3OVNIVSQ ONLLSIXA
( 550 13 ‘0083101 )
G622 XO8 0
NOLLYKNOS HLMOMINIM 31 ~
V3NV INIWLYSHL OL HOLIa " PR
SININIAOHANI 3OVNIVA LOTHIC-3Y OL 3did s —
NOISHIAI] HO FHNLONXLS
ad3sS0dodd -z 3LIs FOVNIVHA TIVLST
\. J -
- HOLIQ
- F9WNIVEa |
ONILSIX3
¥S0E0 HN SOVHIRIIN -
19us 100301 /R
& \
QELVYOJYOONI {
TVININNOUIANT
TAISNIHIAJNO: »uwwﬁ@wmﬁwma
s anos Tvisn
\. >~ InanLvaul Hod N
- JHNLONHLS TONINOD 3
. Fvis s
e \ AFunoTviSNI INNLY3LOL 39¥YHOSIO L. Repts)
2100 anss|/uolsinay on s N Ny
ALY3dO¥d 40 ¥3LIWNId mwﬁm wuswvﬁwzmﬁm_ W3LSAS N\ 8 )03
GNNONY 24ONNY 103410
OL TIVMS LNINLYZL Q3ANZLX3 TIVISNI
Q3ZIIBVLS TIVISNI
NOILONYLSNOD ¥Od4 LON SIVA YOTHO vy

aNV S100d
39NN DIMEV4 NOISONT
HLIM 3TVS 3ZII8VLS

SNV1d AYVNIWITINd

SE0 1071 - 262 VI

001 = .1 3W0S

3OS Ol LON

MIIAY3AO0 OHLYO - ¢ 3LIS STIv.13a a3s0dodd -2 3lLIS

ET ety
T e

ATNO

$3S0d¥Nd TVNLIIONOD ¥Od A3ANILNI
NV NOILONYLSNOD ¥O4 LON 34V SNY1d
3S3HL NO 4310Id3A SIN3W3AOHAWNI
HILVMWHOLS 03SOdO¥d 3HL 'S

‘03A3AUNS
N338 1ON 3AVH SANNOS ALYIdONd
GNY SNOILYDOT AVM 50 LHOIM 7

‘G3103dSNI
YO Q3I41¥3A NIIF LON JAVH SAILITILN
ONNO¥O¥IANN 40 NOILYOOT IHL '€

LINVHO HN WOYA
V.va SI9 NO a3SvE 34V SNOILYANITIa
V3NV 30MN0SIY TV "03LI1GN0D
N338 LON IAVH SANVILIM QILVLIOIA
ONINIQHOE 04 NOILYANITIA ANVILEM T

‘Loz
‘22 438WIAON ANV 110Z ‘L1 ¥3GWIAON
NI3MI38 031ONANOD SNOILYOILSIANI
Q71314 130 ANV 110Z 40 TIv4 3HL

NI G310NANOD SNOILYOILSIANI 41314
384 NO 03SV8 34V SdV IS8 AL¥IdO¥d
a371¥001 aNY SNY1d TVNLIFONOD 2

HN ‘0¥083410M
40 NMOL 3HL A8 03AINO¥d NOLLYWNOINI
S19 WININI1ddNS ONY HN ‘04083 410M
40 NMOL 3HL ¥O3 NOILYWHOANI ¥3AVT
LINVHO SIO HN NO 03SV8 SONIMVHA 'L

2/

Saj0N [DIBUBY

\




001 = .1 2198 MIIA Ueld

g )\ p—— S0~ . e
s N\ o0z o0 o o0 SINIWIAOUCINI 3S0dO¥d - € LIS
umoys sy ‘8jeag
-0 T .>3 oo ) ANIWLYIHL
108 A4 peubise 449 110d 3d07S A3MIINIONI-0lg ANV %
EZED] . AVMAVOH dvadid 031Y1393A 40
\_ as8us 2559 ON 0001 ) = TNV NOLLYNISWOO ONISN L¥IATND

ANNOYY SHNVE 3ZI

iavis HLYOMLNIM

. —— = 4 e

6€22Z X0 Od B (] D, N SMNVE ANV INITIHOHS ONOTY

NOLLYANAO: HLYOMLNAM DAY . ol i Vi G3LVL3O3A TIVLSNI
SLNIWNIAOHANI e A~ waaInoHS
FIVMS FOVNIVEA
- | T T
d3S0dOyd - € LIS ~ Q3Z1I8YLS TIVASNI AVMQYOM ONOTY
\. J ANV 3440-TINd AVMAVOY NIVYQY3ANN INOLS HLIM
40 3903 3avaioT VIQIW H3LTIA TIVLSNI

- ; *

/ \
Y38 MOTHHIA0

Q3LVL3O3A HLIM 100d
FONNT dv¥dId TIVLSNI

ANIALYIHL

3dOTS AIYIINIONI-0I8 ANY
dV¥dIY d31V1393A 4O
NOLLYNISWOD ONISN 1¥3ATND
ANNOYY SMNVE 3ZI8V.LS

VS0E0 HIN SOV
133y1s 10430 12 SHNVE ANY ININIHOHS ONOTV
dV¥dIY A31VIIOIA TIVISNI ez oucons

ILVIOJYOONI

wmﬁ%%ﬁﬂﬁ»mw mw@ﬁ@wﬂmmvzo.z [E00 L0T - bt Vi)
LH3ATINO NIVYAQY3ANN INOLS HLIM
\_ oous VIGIN 31T TIVISM
[eREFET] brh &
B LS04 b
(" 100 anss|/uojsinay { % i s
G
IVMS JOVNIVHA
Q3ZIMIgVLS TIVLSNI ANV
¥3QINOHS AVMAYON [
40 3903 3avyO3y
NOILONYLSNOD ¥Od4 LON

N

SNV1d AYVNIWITINd

V3V NOLLYHLTINI / 340-TINd
HLIM 100d 3ONN1d TIVLSNI Laanane & AVMAVOM
8 0148V T0YLNOD NOISO¥3 T Moous S I3NVHO
HLIM ¥3QINOHS 0300¥3 ¥IVdY W38 MOTHIA0 e

w Q3LVL3O3IA HLIM T00d
FONNTd dVadIid TIVLSNI

00T = .1 3WOS

MIIAYIAO0 OHLYO - € LIS

3OS Ol LON

$7Iv.13a a3s0doyd - € ALIS

WNO3 AIN0HdY.
O NE0SI0S
OEVS NOLLYZIIBVLS

GNNOYD ONILSIXT TANNVHO.

WN03 G0N
50 Na0s 10 osavs 3L
ONEV3 NOLVZITIVLS Suelon ™\ s34 301
NV W OLL8 31WHS
ouni 03003an
QNNOYS M T
N3
ATNO AMIN A XIN XIRLVIN \\
$3S0d¥Nd WNLJIONOD ¥OJ G3ANILNI 3QISAYOY HLIM 0338
NV NOLLOMYLSNOO HO4 LON 34V SNYId ‘ =
3S3HLNO Q3101d30 SINIWIAOHLINI AN
HILYMWHOLS 03S0dO¥d IHL G NOHdY 9€- w I\
» 3 dvaids sa0wi9
‘a3Aandns AVMOYOY OIS AT X XLV

N338 1ON 3AVH SANNOS ALYIdONd

3QISVON HLM 0338
GNY SNOILYDOT AVM 50 LHOIM 7

SNYId 335 - |

‘G3103dSNI
YO Q3I41¥3A NIIF LON JAVH SAILITILN
ONNO¥O¥IANN 40 NOILYOOT IHL '€

LINVHO HN WOYA
V.va SI9 NO a3SvE 34V SNOILYANITIa

V3NV 30MN0SIY TV "03LI1GN0D
N338 LON IAVH SANVILIM QILVLIOIA
ONINIQHOE 04 NOILYANITIA ANVILEM T

‘Loz

‘22 438WIAON ANV 110Z ‘L1 ¥3GWIAON
NI3MLIE Q3LONANOD SNOILYOILSIANI
71314 130 ANV 110Z 40 TIv4 FHL

NI G31ONANOD SNOILYOILSIANI 41314
384 NO G3SV8 34V SV S8 AL¥IdONd
3Z1¥O0 ANV SNY1d TVNLEFONOD 2

HN '0¥083410M
40 NMOL 3HL A8 G3AINOYd NOLLYWHOANI
SI9 WININITddNS ANV HN 'O¥O834TOM
40 NMOL 3HL 0= NOILYWHOANI ¥3AVT
LINVHO SI9 HN NO G3SVE SONIMVNA '+

Z/

Saj0N [DIBUBY




umous sy ‘eleag

G0 TN Aq ppaud
108 Aq paubiseq
Z10g)y okea
2:939 ON 09l0id )

\_ Je8US

( EEE—
352z x08 04
NOLLYGNNOS HLBOM LM V1

SLINIWIAOUNI
a3s0dOydd - v 3LIS

VSO0E0 HIN SOV
133415 10430 12

ILVIOJYOONI
TYLNANNOIIANT
TAISNIHIIJWOD

\.

=

anss|/uolsinay

NOILONYLSNOD ¥O4 LON
SNV1d AYVNIWITINd

ATNO

$3S0d¥Nd TVNLIIONOD ¥Od A3ANILNI
NV NOILONYLSNOD ¥O4 LON 34V SNY1d
3S3HL NO 0310Id3A SIN3W3AOHAWI
HILVMWHOLS 03SOdO¥d 3HL 'S

‘03A3AUNS
N338 1ON 3AVH SANNOS ALYIdONd
GNY SNOILYDOT AVM 50 LHOIM 7

‘G3103dSNI
YO Q3I41¥3A NIIF LON JAVH SAILITILN
ONNO¥O¥IANN 40 NOILYOOT IHL '€

LINVHO HN WOYA

V.va SI9 NO a3SvE 34V SNOILYANITIa
V3NV 30MN0SIY TV "03LI1GN0D
N338 LON IAVH SANVILIM QILVLIOIA
ONINIQHOE 04 NOILYANITIA ANVILEM T

‘Loz

‘22 438WIAON ANV 110Z ‘L1 ¥3GWIAON
NI3MI38 031ONANOD SNOILYOILSIANI
Q71314 130 ANV 110Z 40 TIv4 3HL

NI G310NANOD SNOILYOILSIANI 41314
384 NO 03SV8 34V SdV IS8 AL¥IdO¥d
a371¥001 aNY SNY1d TVNLIFONOD 2

HN ‘0¥083410M

40 NMOL 3HL A8 03AINO¥d NOLLYWNOINI
SI9 WININITddNS ANV HN 'O¥O834TOM
40 NMOL 3HL 0= NOILYWHOANI ¥3AVT
LINVHO SI9 HN NO G3SVE SONIMVNA '+

Saj0N [DIBUBY

100 = .1 "3I€0S MBIA LBl
08 = .1 ZWis

SLNIWIAOUAINI A3S0dO¥d - ¥ LIS

3OS OL LON

$71v13a a3s0doydd - ¥ 31IS

L5520 N SHSON, NOHINOLNYATO.
02 x08 04
oM 33O

: MOT4H3N0
TIVM ONINIVLIY NIAOOM

~ AON3IOY3IW3 SV NISvE
40 3SVE ONOIV HONIHL HOLVO ONILSIX3 ONISN VIHY
44ONNY Y3 LVYMANNOYO NOILLVHLTIANI 3 AVE3¥O0d
/ NOILYHLTISNI.

HLIM N3AQYVO NIVY TIVLSNI
3NOLS Q3HSNYO TIVLSNI . & ¥

NISYE HOLVD HLIM
TYMS 3OVYNIVEA
Q3AVd ONILSIX3

HOTNI "33 ¥O SY3AVd
SNOYO0d %0018-039

¥IAV1HIHOHO ¥O4 3NOLS GIHSNHO QIHSYM {1

3NOLS V3d GIHSYM .8/E

U

3did 131Lno

WVOT %08 8 ‘ANVS %0S
“XIW TI0S ONI¥3LIA

SRR RII LS
AR

oIMav4 ¥3LT4

3NOLS dvHdIy
VA9t

S A A5
e

0

PR e
R
e

<mm‘<vwz,n_20n_ .8l Y3V ONIONO W2}

Z/

N ONISN HLYdLOO: ,
SNOIAY3d TTVLSNI MOTH43IN0 / \ T
Ny B HIAVTHOTNW .9
\ AVE3HO4
NiSve
& HOLVO ONILSIX3 Q3N dVdY
Y
Y AVEZHOS OL INJOVraY
4 $3AVYO ITVMS A3AVd HOLVN
S¥IAVd SNO¥Od
HLYOMLNIM “<Z¥0 0078-039 ONISN dNVY
MV 108 SNOIAY3d TIVLSNI
VAUV HOvaE anv QNV NOISONT ¥IVdT
430083 1VO8 ONILSIX3 t
oob=.Fws 39S 0L LON
M3IAY3AO OHLYHO - ¥ 3LIS S71v13a a3s0doyd - ¥ 3LIS
annoxe owsia
swuvd Sv1aNo WO
ONDITVAL 3NIF3T SV IN3LX3 OL HONW ETECETY saion
0L SdIHO GOOM “IOMLNOD NOISO¥3 ANV WYOT 5O SAIOA T4 OL XIW T3AVHO

H0UIAVIIOML.C 50 MIAVI XOIHL . HOGNYS ISHN00—_—

%0078 2LTONOD
SNONOd LSVOHa:

e A

B

SNITAHLEATO]
290018035

I a1v13930
GNY WVOT 4O SaION

T4 OLXIN 1AV

0 NYS 354N0D

2¥gw3 052~ MoTIE
IWRELYR W01 4O 3as
HIUVT YOHL .2 TIVISN HOV3 NO 1334 Z NONNIA ONZDG
AVNHLYS 0018039 NOTZ8 DM

0HINGD NOISO¥3 0S¢0 TIVLSNF

AY4 08£-0 AOEY

aNNo¥S_ a3EUNLSINN

N AN LANEN AN AN AN AN AN AN

X

ST

SNOWLYOLI03dS
UMV ¥3d SY
¥3HII00L S¥O0T8 NOf

XN 0335
SSYHO QNYONVLS ONY YO
LA SOIOA %0078039 Tl

SSY¥9 INIONNONNNS
308V KULHINS
NOLVATT3 Ol 135

/




Lake Wentworth and Crescent Lake Watershed Management Plan Appendix H: Typical BMPs

Appendix H:
Typical BMPs

December 2012 148



11VL3Ad 1VOIdAL

3TVOS OL ION 1140¥134 HONIHL NOILVHLTIANI

3did

— = Q3LYHOY3d |[——
@ 2|, |
9
WIALYN TVANLYN
£ Q384NLSIONN wwoﬂ__ﬂ‘mﬁ
SNOLLY¥3d0 JONINALNIV INING
* NOLS Q3HSNHO G00H 0L I9VAVQ INFATNd OL HOLVD ONILSIX
Q3HSVM § | ONINIdO 3LVH9 % INVHd 135440
« oNav4 ¥aLi 13UN0 dod
o NIAOM-NON .0} ONLLSIX3
» I_|a|5|_ _ NI NOLS dvuM
H_ _ _||_ _ _| 3715 INOLS XYW .9
A== I—=111— @3LIVANOD
BN _H_ _ _H_ _ _H_ _ MOYY0E TIAVHO V-3dAL
7 LI 7
SENE=NE vt
9-2 \/ = =1 = £ "X0¥ddv)
— ||| | (33S ONV AVO1 H
S N
» 30vANS ANNO¥D
INLLSIX3 (dAL) LNIOP
0-2 _ D-£ AMNOSYA

ININ3AVd LHOLLAILYM
ONLSIX3

(M0138@ NOILO3S 33S)
3did d31vy04d3d
HLIM
HONJL NOILYHLTIANI HONAL

(LnoNs) aooH
3did NOISY3AID
a350d0¥d

HONZUL NOLVHLTIANI

NOLLVHLTIANI 0L 3did NOISY3AId
0l (3LY¥0443d

3d0H .1 d3S0d0¥d

ATGNISSY 1N0 NV3IT0
40 d¥J N3 HLM 3did
NOISY3AIQ @3LYHO4¥3d Id0H 2} T3S0d0dd

%

. WENT
w0 N o,

»

TOWN OF WOLFEBORO
NEW HAMPSHIRE

Lake Wentworth
Watershed Management Plan

Typical Details

GENERAL NOTES

INFILTRATION
BMP DETAILS




/

POROUS ASPHALT
PAVEMENT

4" THICK

CHOKER COURSE: 3/4”
WASHED CRUSHED STONE

POROUS ASPHALT

PAVEMENT SECTION

IITTTITTY

FILTER COURSE: BANKRUN GRAVEL
SUBBASE LAYER TO MEET MASS
HIGHWAY M1.03.1

WASHED CRUSHED STONE

N
: * / //,\/ \\
. / N
FILTER BLANKET: 3/8”
WASHED PEA STONE
RESERVOIR COURSE: 3/4”
EXISTING GROUND

POROUS PAVEMENT TYPICAL DETAIL

NOT TO SCALE

GENERAL NOTES

INFILTRATION
BMP DETAILS

TOWN OF WOLFEBORO
NEW HAMPSHIRE

Lake Wentworth
Watershed Management Plan
Typical Details
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CURB TAPER (LENGTH VARIES)

[—
‘ RUNOFF ‘ < RUNOFF
i
I
—en /I\} VAREES BASED ON
1-6 QQ @A’@ED INFIL RA®<E@ O@ PARKING LOT LAYOUT
TRAFFIC ISLAND
RUNOFF t RUNOFF
[ CURB BREAK WITH TOP OF
PAVEMENT OR CONCRETE
AT GRADE (WIDTH VARIES)
STANDARD CURB AND GUTTER

LANDSCAPED INFILTRATION DIVIDER

DEPTH REQUIRED TO DRAIN
PRACTICE IN 48 HOURS OR
LESS NOT TO EXCEED 18".

INSTALL CURB BREAK AT LOW
POINT FOR RUNOFF TO ENTER
INFILTRATION AREA

STANDARD CONCRETE CURB & GUTTER

FINAL PAVEMENT _\

GRADE
LT 77777 77777 7,

EXISTING __—""

GROUND
3" SHREDDED WOOD MULCH

SUGGESTED MIN. PLANTING MEDIUM DEPTH 18"
WITH A WELL BLENDED MIXTURE (BY VOLUME):
50-60% HOMOGENOUS CONSTRUCTION SAND
20-30% ORGANIC LEAF COMPOST

20-30% NATIVE TOPSOIL

UNDISTURBED, UNCOMPACTED
INSITU SOIL - INFILTRATION
RATES GREATER THAN 1"/HOUR

PLAN VIEW

PLANT MATERIAL TOLERANT OF
INUNDATION

6" REVEAL /_GRADE

AND DROUGHT. NATIVE PLANTS
RECOMMENDED.
INSTALL EMERGENCY OVERFLOW RISER
WITH GRATE TOP AS NEEDED
INSTALL CURB BREAK AT LOW
POINT FOR RUNOFF TO ENTER
INFILTRATION AREA
VERTICAL GRANITE CURB & GUTTER
FINAL PAVEMENT

CEMENT CONCRETE
BEDDING

T T STONE CHOKER COURSE 3/8"
@R QOOO A WASHED PEA STONE
Q 0500 Q O%OO
: >®%%OQQOCQ - T~ TRENCH SIDES
g LINED WITH NON-WOVEN
>OO QOOO g GEOTEXTILE

ODQ%ODO
O(\O 2 @) O\INFILTRATION STONE

3/4" WASHED CRUSHED STONE

\INSTALL PERFORATED

UNDERDRAIN AS NEEDED

VARIES

LANDSCAPED INFILTRATION DIVIDER

INFILTRATION DIVIDER
TYPICAL DETAIL

SECTION

NOT TO SCALE

GENERAL NOTES

TOWN OF WOLFEBORO

NEW HAMPSHIRE =
INFILTRATION Lake Wentworth Exey
BMP DETAILS Watershed .Management Plan COMPREHENSIVE
Typical Details 2) ENVIRONMENTAL

INCORPORATED
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ON UN-PROTECTED
SLOPES LESS THAN 2:1
PLACE EROSION
CONTROL MULCH

MATERIAL SHALL MEET
MANUFACTURER'’S
GRADATION
REQUIREMENTS AND

SHALL BE PLACED IN A s
4” THICK LAYER = o,
= 0 o
ON UN—PROTECTED
SLOPES STEEPER THAN
2:1 PLACE NATURAL
STONE ON BANKS TO
MATCH EXISTING
EXISTING
SHORELINE CONDITIONS , SLOPE
. LESS THAN
MATERIAL SHALL BE 2:1
8"—12" DIA. DUMPED
STONE APPROX.
12"-18" THICK EXISTING
EXISTING STONE SLOPE
ON RIVER GREATER
BOTTOM THAN 2:1
5 GRANULAR FILL
AS NEEDED
NO=
SO e Q0 o O NON—WOVEN
/ GEOTEXTILE
EXISTING
GROUND
STREAM BANK SLOPE TREATMENT-E.C. MULCH & STONE
TYPICAL DETAIL
NOT TO SCALE

GENERAL NOTES

TOWN OF WOLFEBORO
NEW HAMPSHIRE m‘._q.v“”'f%@&
STABILIZATION Lake Wentworth %

DETAILS Watershed Management Plan

Typical Details COUADATIO™




‘ // WRAP 3/8" DIA. GALVANIZED
z CABLE AROUND ENTIRE

0 )
NG -\. Vi LENGTH OF BIOLOG AND
D
XS %

THROUGH UPPER LOOP OF

4
R [ Y. NE,I'IIERR'\CAF'\:EB'\I“\’T Esoigg' DUCK BILL ANCHOR CABLE
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USING STEEL CABLE AS SPECIFIED)

\ DUCK BILL TYPE ANCHOR MODEL 88-DBI
OR APPROVED EQUAL

LENGTH =3.0 TO 4.0 FEET
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STAKE ANCHORS SO THAT BIOLOG IS
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SEED ADJACENT DISTURBED
SURFACES

0-6" MIN.

1/2" PER FOOT

I 4"-6"ROUND STONE
VARIES
i
TIE NON-WOVEN GEOTEXTILE A A ARG
FABRIC INTO EXISTING SLOPE /
AND ANCHOR AS NEEDED
EXISTING GROUND /
INSTALL FABRIC PER SWALE BOTTOM AND SIDE SLOPES TO
MANUFACTURERS SPECIFICATIONS BE REINFORCED WITH ROUNDED RIVER
USE PROPER ANCHORING PATTERNS STONE (4" TO 6" DIA.)

ROUNDED RIVER STONE
SWALE SECTION

SWALE STABILIZATION WITH STONE
TYPICAL DETAIL NOT TO SCALE

SEED AT SURFACE UNDER 0-6" MIN.

EROSION FABRIC

4

1-2" TOP SOIL:

10°-12" TOP SO[

PROPOSED ROADWAY
1/2" PER FOOT

2"-4" HYDROSEED
8°-10" TOP_SQ

S SEED SURFACE
N RZ \\//\\/\\ ,\\ " OF TOPSOL
\//\//\//\//\/\ // X
NN \//\ YRY /\ /

:\/ \‘ R N

NRRR QRRRRARRR
TE EROSION FABRIC INTO RSN AR
EXISTNG SLOPE \\\\\ NROLLRLLYY -~ RLLLDLL

SWALE BOTTOM AND SIDE SLOPES TO
BE REINFORCED WITH NORTH AMERICAN
GREEN SC150BN DOUBLE NET
STRAW-COCONUT EROSION CONTROL

INSTALL FABRIC PER
MANUFACTURERS SPECIFICATIONS

USE PROPER STAPLE PATTERNS BLANKET OR APPROVED EQUAL
TOP SOIL AND SEED HYRDO-SEED & TOP SOIL
SECTION SECTION

SWALE STABILIZATION WITH VEGETATION

TYPICAL DETAIL
NOT TO SCALE
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CHANNEL STABILIZATION FABRIC
SC150BN BY NORTH AMERICAN
GREEN OR APPROVED EQUAL

TOP OF SWALE GRADE

4-6" RIPRAP STONE

VY \N},/ \XM’/\VXWy
~ . Q2
IR ZUNR AN
-« : S RN S
/ A\ W2 UV AZEINRZIN N Z S
R N SRR A
R AN AN e
EANAZRNNARANEZ
NG\ Z g FILTER FABRIC
TERMINATE CHANNEL EMBEDDED INTO LOAM & SEED WITH
STABILIZATION FABRIC SWALE BOTTOM & ROADSIDE MATRIX MIX
WITH 6" OVERLAP UNDER CHECK SIDE SLOPES BY NEWP

DAM & INSTALL FILTER FABRIC

SIDE SLOPE 3:1 OR LESS

SWALE SLOPES AS CLOSE
TO ZERO AS DRAINAGE
WILL PERMIT

OPTIONAL RAILROAD TIE OR
RIPRAP CHECK-DAM
(INCREASES INFILTRATION)

STONE APRON TO PREVENT

DOWNSTREAM SCOUR

VEGETATIVE PLANTING
IS SITE SPECIFIC

MIN 1% SLOPE (LONGITUDINAL)

ADAPTED FROM: SCHUELER, 1987 9
TREKRRARR

SWALE WITH CHECK DAM

TYPICAL DETAIL
NOT TO SCALE
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Lake Wentworth and Crescent Lake Watershed Management Plan Appendix I: Roadway BMPs

The State of New Hampshire DES - BMPs for Routine Roadway Maintenance Activities in NH
manual can be found at the following link:

http://des.nh.gov/organization/divisions/water/wetlands/documents/roadway bmp.pdf

This manual provides general BMPs, erosion controls and maintenance recommendations for all
types of roadways (paved and un-paved) as well as drainage system components.

BEST
MANAGEMENT
PRACTICES for

ROUTINE
ROADWAY
MAINTENANCE

ACTIVITIES
IN

NEW HAMPSHIRE

August 2001

December 2012 165
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Lake Wentworth and Crescent Lake Watershed Management

Plan

Appendix I: Roadway BMPs

The State of Maine DEP Gravel Road Maintenance Manual can be found at the following links:

http://www.maine.gov/dep/land/watershed/camp/road/index.htm

http://www.maine.gov/dep/land/watershed/camp/road/gravel road manual.pdf

This manual provides both general recommendations and detailed BMPs specifically for gravel and

camp roadways.

GRAVEL ROAD
MAINTENANCE MANUAL

A Guide for Landowners on
Camp and Other Gravel Roads

AV

Conservation District -
it g

Water Clualrty

Kennebec County = r-.-1m|_‘|e Departrment of
Soil and Water A Environmeantal Frotection
\ i - . ¥ Bureau of Land and

April 2010
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Lake Wentworth and Crescent Lake Watershed Management Plan Appendix I: Roadway BMPs

The following are some general BMPs and guidance from that manual:

Some of the most important recommendations for gravel road maintenance include the proper
control of surface water and groundwater on the roadway and within drainage systems:

The following measures are used to help drain water off the road surface:

a well-constructed road with proper grading and crowning or super-elevation;
stable road ditches:

diversions (e.g., water bars); and

turnouts and buffers that return runoff to natural drainage areas.

Loop

To keep groundwater out of the road base:

d build the road above the groundwater table;

4 if the road is built just above the water table, have a geotextile base (see page 24);

4 if the road is not above the water table, pass groundwater through the road
frequently using rock sandwiches (see page 63) or cross culverts where needed; or

 as a last option, groundwater can be drained from the road base and directed o a
natural or constructed channel capable of handling the flow without eroding, except
in vernal pool areas.

Proper gravel road drainage construction and erosion controls make up the majority of beneficial
BMPs for minimizing water quality impacts. Some general erosion control recommendations
include:

December 2012 167



Lake Wentworth and Crescent Lake Watershed Management Plan Appendix I: Roadway BMPs

It is difficult to control erosion once it has started, which is why emphasis should be placed
on prevention and regular maintenance. Effective erosion control can be best
accomplished by observing the following guiding principles:

4

U Jddooud o dd

Monitor and maintain your camp road on a regular basis. The best time to inspect
your camp road is on a rainy day, when problems are more apparent.

Thoroughly plan improvement projects before starting.

Work with nature whenever possible — let the natural features and forces help you
accomplish the end site design.

Drain stormwater off the road surface at frequent intervals, and as quickly as
possible.

Keep runoff velocities slow.

Avoid concentrating runoff (promote dispersion).

Avoid discharging runoff directly into natural surface waters.

Discharge stormwater runoff into vegetated areas (buffer strips) as sheet flow.
Minimize areas of exposed soil on side slopes and ditches.

Stabilize and cover bare soils with vegetation or other protection (i.e., mulch or
riprap).

Limit heavy loads and minimize traffic during early spring (mud season), until frost is
out and road is dry.

To prevent erosion and minimize transport of sediments from a gravel road and or drainage way,

roadway material selection, proper installation and consistent grading procedures are very

important:
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MATERIAL & INSTALLATION:
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Figure 6. Well-constructed road: entire road built above original ground level.
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Figure 7. Well-constructed road: high point above original ground level.
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Proper grading and annual roadway shoulder maintenance:

sand from road grader and
vegetation blocks flow

winter sand
runoff accumulates build-up
:n road
Cﬁtch

Figure 12. Sand and vegetation build-up prevents drainage to sides of road.
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Figure 13. Crown profile: 2 " of crown per foot of road width (e.g., 2" x 2 x 12" road = 3" crown).
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High point of road
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Drainage .
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Figure 14. Super-elevation profile: 'z " of super-elevation per foot of road width (e.g., 2 " x 12" road =
6" crown).

o
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Using proper roadway drainage features and surface water conveyance systems will help prevent
erosion, minimize the need for future repairs and reduce repetitive maintenance requirements:
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DRAINAGE DITCHES:

SLOPE VALUE EQUIVALENTS
maximum slope 2:1
Ratio Percent Slope Degrees
1:1 100% slope 45° ]
1.51 67% slope 34° i
2.1 50% slope 27° '
41 25% slope 14°

Figure 18. Slope value equivalents

Figure 19. Parabolic (U-shaped) ditch, grass-lined.

Steepness of slope can be a difficult concept to understand. It is easiest to
visualize sliope as the long side of a triangle with horizontal “run” and
vertical “rise” being the other two sides (see diagram below). Slope
expressed as a ratio is “run” : (to) “rise.” To express slope as a
percentage, simply divide rise by run and multiply by 100: (rise/run) x 100.

1,' 1:1 slope (100%). Unsuitable for grass, stone, or any other natural
TEE materials.

1" run

1.5:1 slope (67%). Suited for stones that are placed by hand or
1 machine and that have been fitted into place.

. 221 slope (50%). Suited for stones and grass where there is
1 good growing soil.

r

T 4:1 slope (25%). Suited for grass and for
occasional mowing.

Figure 20. Slope
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Figure 22. Plant grass to control erosion in Figure 23. Grass and stone to control erosion
ditches with less than 5% pitch for ditches with more than 5% pitch

PROPER CROSS CULVERT PLACEMENT AND INSTALLATION:

ANGLE

Culverts should be set at an angle 30 -35
degrees downslope from a line perpendicular
to the road’s centerline. Setting culverts on
an angle improves their hydraulic efficiency
and lessens the chance of erosion at the
inlet. Culverts installed in a natural drainage
channel (e.g., streams) should be installed at
the same angle as the channel.

Figure 29.  Set culvert at 30° downslope.
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ruad surface .-\.P_

make 1 ft. deep or %z diameter
of culvert, whichever is greater

fill and compact this area in
6" to 9" layers (lifts)

side fill tamped in place

gravel fill

18"

mucky soil or firm,
" existing, base soil

Figure 30. Culvert Installation

rock headers
culvert set at or

below stream bed

road surface

stream bank
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'///////////////////////////////////////// _

Figure 31. Culvert installed in a stream to allow fish passage.
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Figure 32. Rock headers on culvert outlet: headers (on 2:1 slope) at both ends prevent erosion.

Typical gravel road BMPs consist of constructing stabilized areas to safely pass surface water flows;

store stormwater to promote setting of sediments and nutrients; and reduce runoff velocities at
carefully selected locations. Some of the BMPs include:

STONE FORD CROSSINGS:
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Figure 37. Stone ford crossing over low-lying channel: suitable only on limited use camp roads.
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WATER BARS OR BROAD BASED “DIPS"”:

final road

dips/cuts can be filled with stone direction of travel
£ ALY

Figure 38. Water Bars
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RUBBER RAZORS TO REDUCE VELOCITIES:
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Figure 40. Set Rubber Bar at 30° downslope.

3/8" thick, 7* high rubber R " road surface
stop or blade s - y :

use 2" x 6"
.« pressure treated

=]
e,
..' : ﬁ
j G‘B- bend ends over with harmmer .
B top row: nail 3" on center -
3 .0 riddle row: nail B* on center
D bottam row: nail 12° on canter

Figure 41. Rubber Bar Construction
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OPEN TOP BOX CULVERTS:

road surface ——

spike through 1" diameter
pipe and large washers

2" x 6" pressure treated
lumber sides

2" x B" pressure treated
lumber base

galvanized nails §° on center —

Figure 42. Open Top (Box) Culvert

In general, good gravel road maintenance requires due diligence and common sense:
“when in doubt, armor it!”
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