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I.

Septic Survey

Introduction
The Town of Wolfeboro, in cooperation with the Lake Wentworth Foundation received a Watershed
Assistance Grant for High Quality Waters from the NH Department of Environmental Services (NH DES),
and hired FB Environmental Associates (FBE) to develop a Phase I Comprehensive Watershed
Management Plan for the Lake Wentworth/Crescent Lake watershed area in Wolfeboro, Brookfield and
New Durham, NH. Threats to the water quality of these lakes were previously identified in a Diagnostic
Study for Lake Wentworth conducted by NH DES in 1999 (NH DES, 1999). This study recognized the
need for maintenance of private septic systems throughout the watershed as well as improved technology
for alternative wastewater treatment (e.g. community systems) and recommended that a sanitary survey be
conducted in order to better understand the role that septic systems may have on the water quality of the
lakes.
Understanding the role of septic systems in
maintaining water quality is important because a
failing septic system can be detrimental to human
health, aquatic life, and water resources. An out-dated
or improperly maintained septic system can result in
the delivery of disease-causing bacteria and nutrients
to drinking water or recreational waterbodies, causing
gastro-intestinal illness in swimmers or severe
ecosystem dysfunction for fish and wildlife (Arnone &
Walling, 2007). Untreated septic waste can also
contain chemicals (e.g., chlorine) and hormones used
in pharmaceutical and personal care products, which
can reach lake water if a system is not working
properly.

A typical septic system design. (from the Lake Wentworth
Foundation’s Septic System design brochure)

Although soils are efficient filters for removing phosphorus from subsurface wastewater, a poorly designed,
installed, or maintained septic system has the potential to contribute excessive phosphorus to local lakes and
streams via groundwater. Septic system effluent typically stores a thousand times the concentration of
phosphorus in lake waters (Gilliom and Patmont, 1983), which means that a small amount of effluent could
have a major impact on the lakes. Excess phosphorus stimulates plant growth in the lakes, which can result
in algal blooms. Once algae have consumed the available phosphorus in the water, they eventually die off
and float to the bottom of the lake where they are consumed by
detritivores. Detritivores rapidly consume oxygen to decompose
Trophic structure refers to feeding
the dead algae, leaving an oxygen-deprived environment for fish
relationships
between organisms and how
and other aquatic species. These disruptions to the trophic
energy
is
transferred
within an ecosystem.
structure of a lake can have dire consequences on the delicate
balance of the lake’s ecology, and can diminish water quality and
1
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recreational fish populations (MassDEP, 2011). In addition, excess phosphorus is a concern for invasive
aquatic species, such as milfoil (which has been documented in both Lake Wentworth and Crescent Lake),
because these plants thrive under nutrient rich conditions.
Over the past several years, there has been an increase in the amount of algae in both Lake Wentworth and
Crescent Lake, and low levels of oxygen (anoxia) at depths greater than 35 feet. Anoxia 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 toward increased productivity.
The Lake Wentworth/Crescent Lake Septic Survey was designed to collect baseline information about the
state of septic systems within the shorezone (within 250 ft. of streams, ponds and lakes). Survey results will
be used to estimate phosphorus loading from developed areas in the watershed. This survey was also used as
a tool to educate watershed citizens about nonpoint source pollution and how it affects lake water quality.
To this end, a stormwater survey was conducted in conjunction with the septic survey, which will be
discussed in Section 2 of this report.

Septic Survey Methods
The Lake Wentworth/Crescent Lake Watershed
survey was conducted by FB Environmental
Associates (FBE) with guidance from the Lake
Wentworth Watershed Plan Steering Committee,
and assistance from 21 resident volunteers over
the course of 11 days beginning August 6
through September 12, 2011. Volunteers from
different “shores” around the lakes served as a
point of contact for the survey. Volunteers
delivered postcards to each property within their
neighborhood several days in advance of the
survey, and spent several hours to a full day
The door-to-door septic survey involved meeting with individual
working with FBE.
landowners with buildings within 250’ of all lakes, ponds and streams
in the watershed.

Geographic Information Systems (GIS) maps
were used to identify all properties with buildings within the shorezone (250 feet of all streams, ponds and
lakes). The Town of Wolfeboro parcel and buildings data was used to identify 625 properties within this
shorezone. While the shoreland zone primarily consisted of residential properties, there were also several
commercial properties, 2 large summer camps, a State Park, and condominium complexes. For survey
purposes, the watershed was divided into 12 different sectors based on the original watershed delineation
(see Map 1); an updated watershed outline is being used for all future mapping and modeling. Individual
sector maps were created in GIS to track sites within designated “shores” throughout the watershed based
on the Lake Wentworth Association’s neighborhood map.
2
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Map 1: Sector Map
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Information on current septic practices was gathered by asking a brief set of questions to each landowner
during the door-to-door survey. The questionnaire included information about type of system, age of
system, use (year-round or seasonal), occupancy, distance to waterbody, pumping frequency, and types of
water-using machines. In addition, several questions were designed to learn more about the landowner’s
perceptions of water quality (see Septic Survey Field Sheet in Appendix B).
Field sheets were completed for each property (organized by address, name and tax map#/lot#), and
informational brochures on stormwater and septic systems were distributed to landowners. Volunteers from
the Lake Wentworth Association provided a motorboat to escort FBE technical staff to the island sites. In
instances where the landowner was not home, technical staff left a survey at the property requesting the
landowner to send the information in by mail, or to fill out an on-line questionnaire on the FBE website. In
other instances, the local volunteer offered to send the survey to their absentee neighbors by mail or by
email. In situations where it was deemed ineffective to leave materials, FBE staff mailed or sent a personal
email to the landowner.
Results of the septic survey were used to estimate total phosphorus loading to the lakes from septic systems
in the shorezone. Two different septic loading models were used for comparison purposes including: 1) the
Maine Department of Environmental Protection (DEP) model; and 2) the Lake Loading Response Model
(LLRM). The DEP model was developed by the 2000 Lake Assessment Program and includes age and
attenuation factors based on Maine lakes and soils. The LLRM was designed specifically for New England
states to determine current and future nutrient loading from a watershed (ENSR, 2007). New Hampshire
total phosphorous (TP) export coefficients were used for the models, and model outputs were compared for
future best-fit modeling in New Hampshire.

Septic Survey Results
Overall Septic Survey Results
Of the 625 total properties within the shorezone of the Lake
Wentworth/Crescent Lake watershed, 552 properties had willing
participants regularly using the property. In the 73 other cases,
properties were vacant, there was no building on the property, or
the landowner refused to participate. Of the 552 properties, 221
septic surveys were completed in-person (see Map 2). As a followup, 39 septic surveys were sent by mail and 12 surveys were sent by
volunteers via e-mail. Table 1 provides a summary of survey success
by sector. For those surveys that were either left at the door,
mailed, or sent by e-mail to the landowner, 63 responded by mail
and 18 responded online. A total of 296 septic surveys (54%) were
completed for this project.
Protecting water quality benefits natural
ecosystems and human recreational users.
4
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Map 2: Location and Type of Survey Conducted for Lake Wentworth/Crescent Lake
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Table 1: Septic Survey Results Summary

Sector

Total
Properties

# people
who
refused

1
2
3
4
5
6
7
8
9

58
46
73
45
73
71
49
51
42

2
0
0
1
0
3
0
0
0

# false
parcels
(no
houses
with
septic on
site)
4
1
6
2
5
7
2
8
3

10
11

33
57

2
2

0
0

0
2

20
6

11
47

12

27

0

5

2

4

16

Total

625

10

43

20

296*

256

# homes
vacant or for
sale or
under
construction

# septic
surveys
complete

# septic
surveys
left
(awaiting
response
for)

0
3
2
2
0
4
1
2
2

41
29
31
20
50
21
35
20
19

11
13
34
20
18
36
11
21
18

* Does not include 3 properties submitted online with unknown lot numbers, 2 repeat surveys, or
a split parcel survey

Overall Survey
Statistics

Total Properties

625

# Surveyable
Properties

552

# Properties
Visited In-Person

625

# Septic Surveys
Mailed
# Septic Surveys
E-mailed by
Volunteers
# Septic Surveys
Completed InPerson
# Septic Surveys
Completed by
Mail
# Septic Surveys
Completed
Online

39
12

221

63

18

An assessment of septic surveys completed
by sector shows that sectors 1, 5, and 7
74%
69%
65%
returned the greatest percentage of
completed surveys, ranging from 74% and
49% 51%
48% 50%
79% return (Figure 1). This may be
37%
attributed to a number of factors, including
20%
the time spent by volunteers in those
11%
sectors or the timing of the surveys falling
on weekends versus weekdays when more
1
2
3
4
5
6
7
8
9
10 11 12
seasonal residents were on site. The lowest
Sector Number
response rate came from sectors 11 and 12,
which generally represent year-round
Figure 1: Percent Septic Surveys Completed By Sector
properties adjacent to streams and spread
across a greater land area. The survey teams’ perseverance helped encourage the overall response rate of
54% for the septic survey -excellent results for the 625 properties visited.
79%

76%

Total = 54%
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In reference to the following figures: “No Response” indicates that the question was unanswered by the
person surveyed; “Not Applicable” relates to properties with sewer and outhouses; “I don’t know” indicates
the question was asked, but the person did not know the answer; “New” indicates a new septic system was
installed within recent years and has not been put on a regular pumping schedule yet; and “Never” indicates
an older septic system that has never been pumped out.

Septic Survey Results by Question

On a scale of 1 to 10, where 10 is the
best, what is your perception of the
water quality in Lake Wentworth and
Crescent Lake?

Most lake residents (75.2%) perceived the water
quality of Lake Wentworth to be high (8 to 10)
4
3
5
(Figure 2). Only a small population of residents
0.7% 1.7%
0.3%
No
6
Response
(2.7%) viewed the quality of lake water to be
4.3%
5.3%
relatively poor (5 or less). Eighty-three percent of
residents surveyed used septic as their primary
7
10
12.6%
wastewater system; 8% were on town sewer and 6%
18.9%
used outhouses, primarily on the islands (Table 2).
The remaining 2.3% of those surveyed had some
8
9
31.8%
combination of cesspool, outhouse, septic and
24.5%
holding tank as part of their wastewater systems on
site. Only one surveyed landowner was unsure of
the location of their septic system and leach field, Figure 2: Perception of Lake Water Quality
where applicable.
Table 2: Types of Systems

Do you have a septic system, or other wastewater system?
Septic

Sewer

Outhouse

Cesspool

Cesspool/
Outhouse

Septic/
Outhouse

Septic/
Holding
Tank

Holding Tank

83.1%

8.3%

6.0%

0.7%

0.7%

0.3%

0.3%

0.3%

The majority of properties on the islands had outhouses, since maintaining a septic system is difficult with only boat access.
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How old is the septic system?

20-25 yrs
18%

Greater than
25 yrs
21%
Other
19%

15-20 yrs
12%
10-15 yrs
10%

Not
Applicable
8%

No
Response

The age of septic systems in the
shorezone was spread across the different
age classes (Figure 3) with as many new
systems (21%, 1-10 years old) as old
(21%, greater than 25 years old) (see Map
3). A large portion of the surveyed
properties (18%) were also slightly older
(20-25 years old).

I don't know
6%

1-10 yrs
21%

Figure 3: Age of Septic Systems

How old is the house?
No
Response
1%

Greater than 25
yrs
55%
Other
4%

20-25 yrs
20%

1-10 yrs
11%

15-20 yrs
6%

I don't
know
3%

10-15 yrs
5%

Figure 4: Age of House

Approximately 11% of surveyed properties were newly-built lakeshore homes.
8

More than half of the surveyed houses
were built prior to 1986 (greater than 25
years old), and 11% of properties were
new developments within the last 10
years (Figure 4). In many instances, the
home was recently rebuilt or modified to
upgrade an existing dwelling, at which
time a new septic system was installed.

2011 Septic and Stormwater Survey Report for Lake Wentworth and Crescent Lake
Map 3: Age of Septic Systems for Lake Wentworth/Crescent Lake
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The annual usage of these lake properties is fairly equal between seasonal (30%), more than one season (37%) and year
round (32%) (Figure 5; see Map 4, Appendix A). Average
occupancy was primarily couples and individuals (38%, 1-2
people), small families (39%, 2-4 people), or seasonal multifamilies or public facilities (23%, 4-6, more than 6 people)
(Figure 6).

Is this home used year round or
seasonally?
No Response
0.3%

Year Round
32%

Seasonal (less
than 50
days/year)
30%

Most septic systems are located more than 50 feet away from a
More than one
season (50-150
tributary or shoreline (83%), but 6% are within 20-50 feet
days/year)
37%
(Figure 7, see Map 5, Appendix A). These properties tended to
be older homes that have been grandfathered in regards to
compliance with new septic system rules.
Figure 5: Annual Usage
What's the average occupancy?

What is the approximate distance of
your septic system from the lake or
stream?
Greater than 75
ft
61%

Not Applicable
8%

Other
12%

50-75 ft
22%

More than 6
people
6%

20-50 ft
6%

4-6 people
17%

No Response
4%

Figure 7: Distance to Waterbody

More than 10
yrs
2%

Every 1-2 yrs
38%

2-4 people
39%

Approximately 35% of homeowners have
their septic systems pumped out every 3 to 5
years; 38% have their systems pumped every
1-2 years; 2% have their systems pumped out
every 10 years or more; and 1% reported
never having had their systems pumped
(Figure 8).

Never
1%

Every 3-5 yrs
35%
Other
21%

1-2 people
38%

Figure 6: Annual Occupancy

How often do you have your septic
tank pumped?
Every 6-10 yrs
3%

No Response
0.3%

Not Applicable
15%
No
Response
2%

I don't know
5%

Figure 8: Pump-Out Frequency
10
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These regular pumping schedules are reflected in Figure 9 which displays the year in which landowners
conducted their most recent pump-out. Roughly 42% of surveyed residents did have their septic systems
pumped within the last 2 years; 4% were new tanks that have not yet been put on a regular pumping
schedule.

When was the last time it was pumped?
30%
25%
20%
15%
10%
5%
0%

26%
16%

15%
1% 0.3% 0.3% 0.3%

5%

3%

6%

14%
5%
1%

4%

3%

Figure 9: Year of Last Pump-Out

A majority of homeowners use washing machines and dishwashers, while a smaller percent use garbage
disposals or water softeners (Figure 10). Of those surveyed claiming to have a garbage disposal, 45% seldom
use it and 36% frequently use it.

70%
60%
50%
40%
30%
20%
10%
0%

Which of the following water-using machines do
you have in your house/camp?
65%
54%
45%
36%
18%

Always
Washing
Machine

Dish
washer

Water
Softener

9%

9%

6%

Garbage
Disposal

Figure 10: Use of Water-Using Machines
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Frequently Seldom

Never

If you have a garbage disposal, how often to
you use it when you are at your house?
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When buying laundry detergents or dish
detergents, do you check the labels to buy
no-phosphate or low phosphate products?
No Response
4%

No, not really
27%

Always, most of
the time
53%

Sometimes
15%

An encouraging 53% of surveyed residents
claim to always check for no-phosphate
labels on detergent products (Figure 11).
This could possibly signal a positive
outcome of a recent public outreach
campaign by the Lake Wentworth
Foundation to educate lake residents on
the harmful effects of phosphorous within
recent years (Jack O’Connell, personal
communication, August 18, 2011).

Figure 11: No-Phosphate Product Awareness

Properties were fairly evenly split between having (44%), and not having (56%) a grassed lawn area within
100 feet of the water (Figure 12). Of those properties with a lawn, 80% claimed to use no fertilizer, and 19%
claimed to use a low or no-phosphate fertilizer on some portion of their lawn within 100 feet of the water
(Figure 12). In a couple of instances, a landowner answered no to using fertilizer, but fertilizer was later seen
on the property. These situations show that the use of no fertilizer or non-phosphate fertilizers is an
educational process, and that landowners need to have an idea that this is a practice they should be using.

Figure 12: Landowner Fertilizer Use
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How willing (where 10 is the most willing) would you be to make
improvements to your property to help protect the lake's water
quality if technical assistance were provided?
No Response
10
9
8
7
6
5
4
3
2
1

8%
37%
13%
22%
7%
2%
5%
2%
1%
0%
2%
0%

5%

10%

15%

20%

25%

30%

35%

40%

Figure 13: Landowner Willingness to Improve Property

Approximately 72% of surveyed landowners were very willing (8 to 10) to make improvements to their
property (Figure 13). Individuals with responses between 5 and 7 (14%) were concerned with the cost of
making improvements. The positive response for protecting Lake Wentworth will serve the Foundation and
the Town of Wolfeboro well in the future as the watershed improvements are initiated and implemented.
Septic Survey Results for Island Sites
Table 3: Septic Survey Results for Island Sites

Septic Survey Question

Septic Survey Results

Perception of Lake Water Quality

Ranged 7 to 10

Type of Wastewater System

(20) Outhouses, (2) Cesspools

Age of House

(19) Greater than 25 years, (1) 10-15 yrs

Annual Usage

(12) Seasonal, (8) More than One Season

Annual Occupancy

(6) 1-2 people, (11) 2-4 people, (1) 4-6 people, (2) More than 6 people

Distance to Waterbody

(4) 20-50 ft, (4) 50-75 ft, (6) Greater than 75 ft, (6) No Response

Washing Devices

Only one property with washing machine and dishwasher

Use of Non-Phosphate Products

(18) Always, (1) Sometimes, (1) Never

Grassed Lawn Area

None

Willingness to Improve Property

Ranged 6 to 10

Total Properties Surveyed

20

Since many volunteers participating in or assisting with the survey addressed concern about the condition of
island sites, septic survey data specifically for the islands was extracted and is presented in Table 3.
Perception of lake water quality and willingness to improve properties rated very high in comparison with
the entire watershed. Since all the surveyed island properties had outhouses and/or cesspools, no data was
13

2011 Septic and Stormwater Survey Report for Lake Wentworth and Crescent Lake
collected for age of system, pump-out frequency, and year of last pump-out. Most of the homes were older
(greater than 25 years) and used only seasonally with less than 4 people annually. Due to the small size of the
islands, outhouses were located more closely to shore. Awareness of the importance of using non-phosphate
products was very high.

Total Phosphorous Loading Estimates from Septic Systems
Information from the septic system survey was used to estimate phosphorus (P) loading using two different
direct septic system loading models: 1) the Maine DEP septic model and 2) the LLRM. Both models
estimated P loading for the watershed of Crescent Lake and Lake Wentworth separately using information
from the survey, including annual use and age of septic systems. Since the septic survey represented only
54% of subsurface wastewater systems in the watershed, the model could not estimate loading from the
remaining 46% of properties without making assumptions about the unsurveyed properties. Therefore,
completed septic surveys served as the representative sample of the shorezone (properties within 250 feet of
all streams, ponds and lakes). For Crescent Lake, parcels within the public sewer area were excluded from
the loading estimate.
Considerations were also made for estimating loading from septic systems in the shorezone of the Lake
Wentworth watershed. It’s believed that results of the door-to-door survey may be skewed toward shoreline
properties since fewer survey responses were received from shorezone areas outside of the immediate lake
shoreline (especially in sectors 11 and 12). Therefore, the remaining unsurveyed properties (280) were
divided equally for each category and added to the associated completed survey number (Appendix C).
The following criteria were used for model input:
 Year round= 365 days per year;
 Seasonal residents = 90 days per year;
 Old septic systems were considered to be greater than 20 years old or installed prior to 1991;
 New septic systems were installed less than 20 years ago or since 1991;
 The number of occupants per seasonal category was calculated by summing the midpoints of survey
ranges (with the exception of “More than 6 people” which was recorded as simply 6).
 The LLRM did not distinguish between septic systems closer (less than 75 feet) and farther (greater
than 75 feet) from the shoreline;
 The DEP model uses a range of low (.0022 kg/day per person) to high (.0068 kg/day per person) P
loading values;
 The LLRM uses a mean (.0080 kg/day per person) P loading value.
The DEP model output provides a range of loading values including low, moderate and high P loading
values, whereas the LLRM model provides a single output value (see Appendix C for model inputs). Results
of the septic loading analysis for septic systems in the shorezone were somewhat comparable between the
two models (Table 4). Yet, the LLRM model results correspond well with the low estimated load from the
DEP model despite the use of the higher estimated total phosphorous output per person in the LLRM.
14
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These values provide some preliminary estimates for loading from septic systems in the shorezone of Lake
Wentworth and Crescent Lake. Using the lower estimate from the two models, the watersheds could be
receiving 92 kg of phosphorus loading into the lakes every year from septic systems. By addressing concerns
identified with older systems, systems within 50 feet of the shoreline, and systems rarely pumped out, the
watershed stakeholders can work to help alleviate these nutrient loadings to the lake.
Table 4: P Loading Estimates for the Shorezone of Crescent Lake and Lake Wentworth
Watershed
Maine DEP
LLRM
Equation

A*B*C*D*E*F

A*B*C*G*H*I

Crescent Lake

10 - 31 kg P/yr

13 kg P/yr

Lake Wentworth

68 - 211 kg P/yr

79 kg P/yr

Total Estimated Load

78-180 kg P/yr
A
B
C
D

Total # Systems in watershed
Average # occupants
Days of occupancy per year
Age Factor (0.15 old, 0.05 new)

E

Distance Factor (1.3 <75 ft, 1.1 > 75 ft)

92 kg P/yr
F
G
H
I

P (kg/day/person) Low to High Range
P Attentuation Factor (Mean 0.1)
P (kg/day/person) Mean
Water (cubic meters per day)

Recommendations and Next Steps
Reducing the effects of septic systems on the water quality of Lake Wentworth and Crescent Lake will
require a concerted effort by the Lake Wentworth Foundation, individual property owners, and municipal
officials. Below are some recommendations and next steps to address P loading from septic systems:
The Lake Wentworth Foundation
 Prioritize outreach activities to target groups including older systems (39%), landowners within 50
feet of the shorefront (6%), and landowners who rarely, if ever, pump their systems (3%).
 Distribute copies of the survey report to residential and commercial property owners within the
target groups and encourage all parties to make improvements to their septic systems.
 Apply for DES 319 and other funding sources to help fix potential septic system problems identified
in the survey.
 Continue to educate landowners on the importance of maintaining septic systems and the effects of
phosphorous-based products on lake quality.
 Educate municipal officials about lake water quality issues and work cooperatively to find solutions.
Individual Landowners
 Properly maintain your septic system. Pump septic tanks regularly (every 2 to 3 years for year round
residences; 4-5 years for seasonal) and upgrade marginal systems.
 Reduce garbage disposal use, which can contribute excess nutrients to water treatment plants, by
maintaining a compost heap in your backyard or an indoor vermicompost for kitchen food scraps.
 Contact the Lake Wentworth Foundation to see if you have a potential septic system maintenance
issue. If so, try to start fixing it. Call NH DES for free advice on how to get started.
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Join the Lake Wentworth Association/Foundation to get involved with their activities to improve
lake water quality.

Town of Wolfeboro
 Enforce septic system ordinances to ensure protection of Lake Wentworth and Crescent Lake.
 Conduct regular septic system maintenance checks. Develop a septic system pump-out schedule and
record for the town.
 Participate in and support long-term watershed management projects.
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II.

Stormwater Survey

Introduction
Stormwater runoff occurs when water flows over land without
infiltrating into the ground. During larger precipitation events in
Stormwater runoff is water that does not
forested areas, it is natural for approximately 10% of rain or
soak into the soil during a rain event but
snowmelt to flow as runoff. In developed areas, however, runoff
flows over the surface of the ground.
volumes increase five-fold due to impervious surfaces, including
packed dirt or paved roads, parking lots, and rooftops.
Stormwater runoff picks up road salts, oil and grease, toxic chemicals, pesticides, bacteria from pet waste,
and heavy metals from vehicles before discharging to the nearest waterbody (EPA, 2011). Additionally,
runoff from warm, paved surfaces is a major source of thermal pollution that inhibits coldwater organisms
and degrades habitat (Herb et al., 2008). Stormwater pollutants can have severe negative consequences for
fish and wildlife, native vegetation, public drinking water sites, and public recreational water usage. While
stormwater runoff from developed areas can have disastrous results from short-term flooding, little
percolation to groundwater sources can lead to limited stream flows during dry weather conditions (EPA,
2011).
Fortunately, many of these stormwater runoff issues can be
addressed with simple best management practices (BMPs).
BMPs include practices that reduce the effects of impervious
surfaces, prevent erosion, limit fertilizer and pesticide use, and
allow rainwater to infiltrate into the soil rather than leaving the
property. Landowners, municipal officials and developers
should consider alternatives such as low impact development
(LID) for mitigating impacts from any new development.
Stormwater retrofits (BMPs) can be utilized for existing
development where stormwater issues are prevalent. By
controlling the volume and rate of runoff to a waterbody,
water quality, hydrogeomorphic condition, and biological
integrity can be greatly enhanced or maintained (EPA, 2011).

Stormwater runoff carries sediments, nutrients, and
other pollutants such as fertilizers, salt and bacteria
to local streams and lakes.

The 1999 Lake Wentworth Diagnostic Study identified areas in the watershed where stormwater runoff,
logging, sand pit activities, and beach erosion were a concern for water quality (NH DES, 1999). Many of
these sites are still a concern today, and yet there are many more sites that have not yet been documented.
The 2011 stormwater survey was conducted in conjunction with the septic survey to document sources of
pollution on residential sites within the 250 foot shorezone. The survey documented sources of pollution
including: roadside runoff into tributaries, direct runoff to lakes, runoff from development, conversion of
seasonal to year-round residences, use of fertilizers, erosion from poorly buffered properties and artificially
created beaches, and runoff from parking lots adjacent to tributaries and shorelines.
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The goals of the stormwater survey were to:
1. Help identify and prioritize existing sources of polluted runoff, particularly soil erosion
within 250 feet of all streams, lakes and ponds in the Lake Wentworth and Crescent Lake
watershed;
2. Raise public awareness about the connection between land use and water quality;
3. Help develop a long-term lake management plan;
4. Make general recommendations to landowners for improving pollution problems; and
5. Serve as the first step in obtaining additional funds for fixing identified erosion sites.
The purpose of this survey was not to point fingers at landowners with problem spots, nor was it to seek
enforcement action against landowners not in compliance with ordinances. It is the hope that the Lake
Wentworth Foundation and the Town of Wolfeboro can work with landowners to make improvements to
help protect the water quality of Lake Wentworth and Crescent Lake.

Stormwater Survey Methods
The stormwater survey was conducted in conjunction with the septic survey to document sources of
pollution on residential sites within 250 feet of the lake shore in the Lake Wentworth/Crescent Lake
watershed. A separate survey form was filled out at each site, which documented sources of pollution
including, but not limited to: roadside runoff into tributaries, direct runoff to lakes, runoff from
development, conversion of seasonal to year-round residences, use of fertilizers, gravel excavation, erosion
from poorly buffered properties and artificially created beaches, and runoff from parking lots adjacent to
tributaries and shorelines (see Stormwater Field Sheet in Appendix B).
As described in the first section of this report, landowners were notified about the survey in advance by
local volunteers and given an option to not participate in the survey. The survey was conducted by
experienced survey team members from FBE with the aid of 21 resident volunteers over the course of 11
days from August 6, 2011 to September 12, 2011. With 625 properties to visit, the watershed was divided
into 12 sectors for ease of maintaining records (see Map 1). When landowners were unavailable during
visitations, stormwater surveys were still conducted as long as property access was good, and the property
owner had not called to say they did not want to participate. If no stormwater problems were identified,
then a stormwater field survey sheet was not filled out. If a stormwater related problem was identified, the
survey documented the type of land use activity, a description of the stormwater problem(s), size of exposed
or eroded area, recommendations, impact of property to lake/stream water quality, and cost of materials for
possible recommendation implementation. Photos were taken at all sites where a stormwater survey was
written up. Property owners were given informational brochures provided by the Lake Wentworth
Foundation at each site. If the property owner was not available for the survey, informational materials were
left at the property along with a copy of the septic survey.
Sites with major erosion problems were combined into a common spreadsheet and forwarded to
Comprehensive Engineering Inc (CEI) for a follow-up visit as part of the larger watershed assessment and
will be included in the Lake Wentworth Watershed Management Plan. Data collected during the stormwater
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survey was divided into categories (driveways, roads, private residences, etc.) and presented in this report
based on estimated impact on water quality.

Stormwater Survey Results
With the aid of 21 volunteers, the survey team completed stormwater surveys for 481 parcels within the
shorezone of the Lake Wentworth/Crescent Lake watershed. The survey team identified 106 sites in the
watershed that are currently affecting or have the potential to negatively affect water quality. Only 71
properties were not surveyed for stormwater because the landowner refused or surveyors were unable to
locate or access the property (Table 5). All parcels within the shorezone were assessed for stormwater
impact, but generally parcels without septic systems did not have noticeable human-generated impacts.
Table 5: Summary of Stormwater Survey Results
# false
parcels
(no houses
with septic
on site)

# homes
vacant or for
sale or
under
construction

#
stormwater
surveys
complete

#
stormwater
surveys
not
completed

Sector

Total
Properties**

# ppl
who
refused

1

58

2

4

0

46

6

2

46

0

1

3

41

1

3

73

0

6

2

58

7

4

45

1

2

2

33

7

5

73

0

5

0

62

6

6

71

3

7

4

36

21

7

49

0

2

1

44

2

8

51

0

8

2

36

5

9

42

0

3

2

29

8

10

33

2

0

0

30

1

11

57

2

0

2

46

7

12

27

0

5

2

20

0

Total

625

10

43

20

481

71

*represents only 42 of 106 completed stormwater surveys
**total # parcels identified with a building within 250 ft of all streams, ponds and lakes in the watershed

Overall Survey
Stats

# surveys
completed
with
landowner
present

49

Total size
of eroded
area
surveyed
(square ft)*

77,315

# artificial
beaches

13

#
stormwater
issues
found

106

Of the 106 surveys that were filled out because a problem was identified, 49 were completed with the
landowner present. The total size of eroded area surveyed was approximately 77,315 sq ft. There were 13
artificially created beaches documented with stormwater issues. This is only a fraction of the total number of
artificial beaches that survey staff identified over the course of the survey, indicating that artificial beach
enhancement is a lake-wide issue that requires more attention and education to reduce these areas and
mitigate related stormwater issues. NH DES regulates any filling of sand materials near a waterbody under
the Shoreland Water Quality Protection Act (SWQPA). Many of the beaches were created well before the
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enactment of this regulation in 1991, which grandfathers these sediment-loading areas (NHDES, 2008).
Even if some of these beaches were once natural, they are being maintained artificially by using outside
sediment sources.
Eighty-eight percent (88%) of properties were assessed for pollution resulting from stormwater runoff
(Figure 14). Sector 6 (Trigg’s Shore) had the lowest percent of surveys completed due to a higher number of
people who refused the survey, several parcels that do not have a dwelling, and homes found vacant, for
sale, or under construction. Several sites were inaccessible due to current construction activities or no
trespassing signs.

88%

98%

89%

83%

Total = 88%
100%
97%
96%
88%
87%
78%

91%
63%

1

2

3

4

5

6

7

8

9

10

11

12

Sector Number

Figure 14: Percent of Stormwater Surveys Completed by Sector

Beach and boat access sites can have stormwater
erosion problems, as shown here in Sector 1 – Holden
Shores.

The most problematic stormwater problem areas were from residential (37 surveys), beach access (42
surveys), and driveway (13 surveys) land use types (Table 6). This sampling draws a fairly accurate picture of
land use types in the watershed that are affecting the water quality of Lake Wentworth and Crescent Lake.
Table 6: Type of Sites by Land Use Category and Impact to Lake
Category
Low Impact
Medium Impact
Beach Access
Residential
Driveway
Commercial
Boat Access
Driveway & Beach Access
Beach Access & Trail
Residential & Trail
Private Road
State Road
Town Road
Total

27
32
7
1
5
3
1
2
1
0
0
79

10
2
1
0
0
1
1
0
0
0
0
15

20

High Impact

Total

3
1
1
5
0
0
0
0
0
1
1
12

40
35
9
6
5
4
2
2
1
1
1
106
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Impact to Lake - Each site was rated for its potential impact to
the lakes (or streams). Impact was based on slope, soil type,
amount of soil eroding, proximity to water or buffer, and buffer
size.

High
Impact
11%
Medium
Impact
14%


Low
Impact
75%




“Low” impact sites are those with limited soil transport offsite.
At “medium” impact sites, sediment is transported off-site,
but the erosion doesn’t reach a high magnitude.
“High” impact sites are large sites with significant erosion
that flows directly into a stream or the lake.

A majority of sites (75%) were determined to have a low impact
(Figure 15). This is good news for landowners because the efforts
needed to improve these problems will be minimal. However, the
total number of low impact sites signals a concern for “death by a thousand cuts” which is a common
problem on developed lake shores. Every single property is having a small impact which adds up to a large
impact. Refer to Map 6, Appendix A for a map of sites by impact rating.

Figure 15: Stormwater runoff impact
rating

High
Cost
2%

Medium
Cost
24%

Low
Cost
74%

Cost of Materials to Fix Sites - Cost is an important factor in
planning for restoration. The cost of labor and materials to fix each
site was rated as follows:




“Low” cost sites were estimated to cost less than $500
An estimate of $500 to $2,500 was rated “medium”
If the estimated cost to fix a site exceeded $2,500, a “high”
rating was assigned.

Recommendations were made for fixing each site, and the
associated cost of labor and materials were estimated in the field.
The majority of documented sites can be fixed easily with low-cost
Figure 16: Stormwater runoff cost
materials including native vegetation, mulch or stone (Figure 16).
rating
Only 2 sites (2%) fell within the high cost category, which means
that they will likely need engineering to complete along with a few of the medium cost sites.
Fifteen high/medium sites were identified for follow-up assistance by engineers. Sites included: eroding
public beach areas at Camp Birchmont, Camp Bernadette, Fern Ave, Kingswood Condos, and Wentworth
State Park; parking lot runoff issues at 2 commercial properties; road runoff along Route 9 and Pleasant
Valley Road; eroding bare soil at a residential complex impacted by the tornado; inadequate culverts along
Orchard Drive and the property adjacent to The Lake Motel; a commercial construction area along Center
Street; and the Crescent Lake Boat Launch (see Appendix D).
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The most commonly observed problems were related to surface erosion, bare soil, and lack of shoreline
vegetation (Figure 17). Surface erosion, which is exacerbated by bare soil and lack of shoreline vegetation,
can originate from a number of places, including unpaved roads and road shoulders, ATV trails and
unstable lake or stream banks. Lack of shoreline vegetation (strips of vegetated land left in a “natural” state)
can destabilize soil and increase pollutant loading to a lake or stream. Since phosphorous is often attached to
soil particles, erosion serves as a fertilizer for lakes and can cause algal blooms. The remainder of observed
polluted runoff problems included artificially created beaches, roof runoff, ditch erosion, unstable access
sites, and undersized culverts. A detailed look at these issues is provided in the following pages.

80
66%
70
53%

No. of Occurances

60

51%
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Erosion

Bare Soil

Lack of Artif icially
Shoreline Created
Vegetation Beach

Roof
Runof f

Ditch
Erosion

Figure 17: Frequency and percentage of polluted runoff problems by type
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Residential Areas
Of the 37 sites associated with residential areas, 34 were low impact, 2 were medium impact, and 1 was high
impact. Residential areas were associated with 35% of the identified sources of polluted runoff. Most of
these sites can be corrected with easy, low cost fixes.
Some of the most common problems and recommended conservation practices are pictured below.

Roof Runoff – Install stone-filled trenches
along the roof dripline to help infiltrate
runoff.

Lack of Buffer – Plant trees and shrubs
along the shoreline or let them grow back
naturally.

Exposed Soil – Place erosion control
mulch on bare soil to slow runoff.

Waterbars – Place timbers or log “speed
bumps” across paths to slow runoff and
trap soil.
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Beach Access Sites
Of the 42 sites associated with beach access sites, 28 were low impact, 11 were medium impact, and 3 were
high impact. Beach access sites were associated with 39% of the identified sources of polluted runoff. Most
of these sites can be corrected with easy, low cost fixes.
Some of the most common problems and recommended conservation practices are pictured below.

Exposed Soil – Place erosion control
mulch on bare soil to slow runoff.

Unstable Access – Install runoff diverter
and establish buffer.

Lack of Buffer - Plant trees and shrubs
along the shoreline or let them grow back
naturally.

Sloped Beaches – Install retaining walls,
runoff diverters, reseed with native
vegetation and mulch on steep slopes.
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Other Documented Problem Sites
Of the remaining 27 sites, 13 were driveways, 6 were commercial sites, 5 were boat access sites, and 3 were
roads. Commercial sites and roads accounted for 7 of the 8 high impact sites. Some of the most common
problems and recommended conservation practices are pictured below.

Road Shoulder Erosion– Install ditch,
turn-outs, add new gravel, install catch
basin, and establish buffer.

Crown – Reshape the road so that water
runs off the sides and remove sand and
berms from the edges of the road.

Culverts – Install culvert inlets and
outlets with rock riprap, and create
plunge pools to protect the outlet and
trap sediment (or replace inadequate
culvert with larger culvert).

Unstable Boat Access – Install runoff
diverters, and open top culvert.

Roads are one of the biggest sources of pollution to New Hampshire lakes. Regular maintenance by road
associations and town and state road departments is critical.
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Recommendations and Next Steps
The stormwater survey identified more than 100 locations where soil erosion and stormwater runoff are
directly entering the streams, ponds and lakes in the Lake Wentworth/Crescent Lake watershed. This survey
was part of the larger survey to document stormwater problems throughout the entire watershed, and will
be included in a matrix of sites and prioritized for restoration in the Watershed Management Plan due out in
2012. Implementing erosion control and stormwater runoff control improvements at these sites will require
efforts by individual property owners, the Lake Wentworth Foundation, road associations, and municipal
officials. Experienced consultants (such as FB Environmental) are available to assist the stakeholders to
install the residential conservation practices in a technically sound manner.
The Lake Wentworth Foundation







Distribute copies of the survey report to road associations and towns with identified erosion
problems. Contact landowners. Encourage all parties to make improvements.
Apply for DES and other grants to help fix erosion problems identified in the survey.
Continue to increase and empower the foundations’ membership, and provide educational materials
and guidance to members of the Lake Wentworth Foundation.
Track sites as they are identified. Determine whether problems have been fixed or are ongoing.
Organize workshops and volunteer “work parties” to start fixing identified erosion problems and
teach citizens how to fix similar problems on their own properties.
Educate municipal officials about lake issues and work cooperatively to find solutions.

Individual Landowners







Look in the report or contact the Lake Wentworth Foundation to see if you have an identified
erosion problem. If so, try to start fixing it. Call DES for free advice about how to get started.
Stop raking natural mulch (pine needles/leaves) from your shoreline, steep slopes or paths and let
lawn revert back to native plants. Roots help hold the soil in place and prevent erosion.
Avoid exposing bare soil. Seed and mulch bare areas.
Re-establish shoreline buffers of native vegetation.
Know the rules before starting any cutting, beach enhancement or soil disturbance projects.
Join the Lake Wentworth Association/Foundation to get involved with their activities.

Town of Wolfeboro






Enforce shoreland zoning and other ordinances to ensure protection of the lakes.
Establish watershed protection ordinances (i.e. LID, buffer, steep slope, and sediment and erosion)
Conduct regular maintenance of town roads, and fix town road problems identified in this survey.
Participate in and support long term watershed management projects.
Promote training for road crews, boards, commissions, and other decision-makers.
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