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Definitions 
Adaptive management approach recognizes that the entire watershed cannot be restored with a single 
restoration action or within a short time frame. The approach provides an iterative process to evaluate 
restoration successes and challenges to inform the next set of restoration actions. 

Anoxia is a condition of low dissolved oxygen. 

Areal water load is a term used to describe the amount of water entering a lake on an annual basis divided by 
ǘƘŜ ƭŀƪŜΩǎ ǎǳǊŦŀŎŜ ŀǊŜŀΦ 

Assimilative Capacity ƛǎ ŀ ƭŀƪŜΩǎ ŎŀǇŀŎƛǘȅ ǘƻ ǊŜŎŜƛǾŜ ŀƴŘ ǇǊƻŎŜǎǎ ƴǳǘǊƛŜƴǘǎ όǇƘƻǎǇƘƻǊǳǎύ ǿƛǘƘƻǳǘ ƛƳǇŀƛǊƛƴƎ ǿŀǘŜǊ 
quality or harming aquatic life. 

Best Management Practices (BMPs) are conservation practices designed to minimize discharge of NPS pollution 
from developed land to lakes and streams. Management plans should include both non-structural (non-
engineered) and structural (engineered) BMPs for existing and new development to ensure long-term 
restoration success. 

Build-out analysis combines projected population estimates, current zoning restrictions, and a host of additional 
development constraints (conservation lands, steep slope and wetland regulations, existing buildings, soils with 
low development suitability, and unbuildable parcels) to determine the extent of buildable areas in the 
watershed. 

Chlorophyll-a (Chl-a) is a measurement of the green pigment found in all plants, including microscopic plants 
such as algae. Measured in parts per billion or ppb, it is used as an estimate of algal biomass; the higher the Chl-
a value, the higher the amount of algae in the lake. 

Clean Water Act (CWA) requires states to establish water quality standards and conduct assessments to ensure 
that surface waters are clean enough to support human and ecological needs. 

Cyanobacteria are photosynthetic, nitrogen-fixing bacteria that can grow prolifically as blooms when enough 
nutrients are available. Some cyanobacteria can produce microcystin, which is highly toxic to humans and other 
life forms. 

Dissolved Oxygen (DO) is a measure of the amount of oxygen dissolved in water. Low oxygen can directly kill or 
stress organisms and stimulate release phosphorus from bottom sediments.  

Epilimnion is the top layer of lake water directly affected by seasonal air temperature and wind. This layer is 
well-oxygenated by wind and wave action.  

Flushing rate (also called retention time) is the amount of time water spends in a waterbody. It is calculated by 
dividing the flow in or out by the volume of the waterbody.  

Full build-out refers to the time and circumstances in which, based on a set of restrictions (e.g., environmental 
constraints and current zoning), no more building growth can occur, or the point at which lots have been 
subdivided to the minimum size allowed.  

Hypolimnion is the bottom-most layer of the lake that experiences periods of low oxygen during stratification 
and is devoid of sunlight for photosynthesis.  

Impervious surfaces refer to any surface that will not allow water to soak into the ground. Examples include 
paved roads, driveways, parking lots, and roofs. 

Internal Phosphorus Loading is the process whereby phosphorus bound to lake bottom sediments is released 
back into the water column during periods of anoxia. The phosphorus can be used as fuel for plant and algae 
growth, creating a positive feedback to eutrophication. 
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Low Impact Development (LID) is an alternative approach to conventional site planning, design, and 
development that reduces the impacts of stormwater by working with natural hydrology and minimizing land 
disturbance by treating stormwater close to the source, and preserving natural drainage systems and open 
space, among other techniques. 

Nonpoint Source (NPS) Pollution comes from diffuse sources throughout a watershed, such as stormwater 
runoff, seepage from septic systems, and gravel road erosion. One of the major constituents of NPS pollution is 
sediment, which contains a mixture of nutrients (like phosphorus) and inorganic and organic material that 
stimulate plant and algae growth. 

Non-structural BMPs, which do not require extensive engineering or construction efforts, can help reduce 
stormwater runoff and associated pollutants through operational actions, such as land use planning strategies, 
municipal maintenance practices, and targeted education and training. 

Oligotrophic lakes are less productive or have less nutrients (i.e., low levels of phosphorus and chlorophyll-a), 
deep Secchi Disk Transparency readings (8.0 m or greater), and high dissolved oxygen levels throughout the 
water column. In contrast, eutrophic lakes have more nutrients and are therefore more productive and exhibit 
algal blooms more frequently than oligotrophic lakes. Mesotrophic lakes fall in-between with an intermediate 
level of productivity. 

Secchi Disk Transparency (SDT) is a vertical measure of the transparency of water (ability of light to penetrate 
water) obtained by lowering a black and white disk into the water until it is no longer visible.  

Structural BMPs, or engineered Best Management Practices, are often at the forefront of most watershed 
restoration projects and help reduce stormwater runoff and associated pollutants. 

Total Phosphorus (TP) is one of the major nutrients needed for plant growth. It is generally present in small 
amounts (measured in parts per billion (ppb)) and limits plant growth in lakes. In general, as the amount of TP 
increases, the amount of algae also increases. 

Trophic State is the degree of eutrophication of a lake and is designated as oligotrophic, mesotrophic, or 
eutrophic.   
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1. Introduction & Vision  
1.1 Background and Purpose 

The Squam Lakes in central New Hampshire are an important part of the culture, economy, and environment of 
the neighboring communities of Ashland, Center Harbor, Holderness, Moultonborough, and Sandwich. The 
Lakes are renowned for their quiet beauty and clean waters by residents and visitors alike. With increasing 
pressure from development, especially the subdivision of large parcels of land, increased tourism, and threats 
from climate change, it is imperative to plan and manage for the future.  

The Squam Lakes Watershed faces a number of concerns today. Nutrient loading from the watershed, increased 
recreation activity, and invasive species all threaten to change the quality of waterτand the quality of life in the 
lakes. Recent evidence identifying legacy contaminants in select areas in the watershed also may pose a concern 
for the health of the lakes. These issues can all be compounded by increasing development throughout the 
watershed and by climate change. 

A watershed management plan examines the factors affecting watershed health. It incorporates data on water 
quality and creates goals to maintain or improve watershed-wide standards. It acts as a guiding document for 
towns to support watershed and community health across municipal boundaries.  

Guided by the Squam Lakes Association (SLA), whose mission is to conserve and protect the Squam Watershed, 
the watershed planning process has been grounded in community collaboration. Conservation and protection 
work at the watershed scale requires productive collaboration across all aspects of a community; town 
governments, state agencies, conservation partners, universities, and local businesses, as well as the greater 
Squam community. All stakeholders are needed to ensure a healthy watershed into the future.  

A comprehensive watershed management plan for the Squam Lakes provides a strategy for protecting water 
quality into the future. The United States Environmental Protection Agency (EPA) requires an approved 
watershed-based plan to become eligible for Clean Water Act (CWA) Section 319 funds. Fund can be used for 
water quality improvement projects identified by watershed-based plans. The Squam Lakes Watershed 
Management Plan follows EPA guidelines and requirements that incorporate the nine key elements (a ς i) for 
watershed-based plans. 

1.2 Vision 

The watershed management plan development process was guided by a steering committee. Established in 
2016, the steering committee comprised a diverse group of Squam stakeholders (Table 1-1). In the early stages 
of plan development, the steering committee was first tasked with developing a vision statement.  

Although the 1991 Squam Watershed Plan plan did not have a vision statement, the recommendations focused 
on maintaining the quality of the water in the lakes and encouraging watershed development in a manner that 
supports local communities without damaging the overall ecosystem. By spring 2016, interviews were 
conducted with a variety of watershed stakeholders, who provided ƳŀƧƻǊ άthemesέ ǘƘŀǘ the vision statement 
needed to address. The themes remained similar to the 1991 plan and centered on protecting the watershed, 
maintaining ecological integrity, preserving the character of the region, balancing high environmental quality 
with the benefits that humans derive from the watershed, and supporting and upholding the social and 
economic components of the Squam Lakes community. From this, a vision statement was drafted and presented 
to the public through an online forum where people could post comments about the statement. Additional 
comments were gathered from attendees at the 2016 Squam Lakes Association Annual Meeting. With this input, 
the following vision statement was created: 
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The Squam Lakes Watershed is a unique and special place with clean water; a healthy ecosystem; a 
vibrant and supportive economy; sustainable land uses and development; and access for all in a 

manner that respects the carrying capacity of the watershed. 

 

Table 1-1: Watershed management plan steering committee members and affiliations. 

Committee Member Affiliation 

Bob Snelling Holderness Planning Board, SLA water quality monitoring volunteer 
Dave Martin SLA water quality monitoring volunteer, shorefront property owner 
Andrea LaMoreaux NH Lakes Association 
Jeff Hayes Lakes Region Planning Commission 
Tiffany Grade Loon Preservation Committee 
June Hammond Rowan Plymouth State University 
Peter Webster Shorefront property owner 
/ƛƴŘȅ hΩ[ŜŀǊȅ SLA board member, shorefront property owner 

 

1.3 Statement of Goal 

After establishing a vision statement, the steering committee recommended that a more focused group of water 
quality experts convene to establish the water quality goals and guide the completion of the watershed 
management plan. A Water Quality Advisory Committee was created in 2018 with representative stakeholders 
across the watershed (Table 1-2). Utilizing current and historic water quality data, future development 
projections, and current and future nutrient modelling results, the Water Quality Advisory Committee set the 
following water quality goals and required nutrient load prevention, reduction, and/or offset needed to achieve 
the goals for the Squam Lakes over the next ten years. See Section 3.3.2 for more information on this process.  

 

The goal of the Squam Lakes Watershed Management Plan is to maintain current in-lake median 
total phosphorus concentrations (6.5 ppb in Squam Lake and 6.4 ppb in Little Squam Lake). Based on 

development growth projections, this will require the prevention, reduction, and/or offset of 113 
kg/year in phosphorus loading to the Squam Lakes over the next ten years. 

 

Table 1-2: Water quality advisory committee members and affiliations. 

Committee Member Affiliation 

Bob Snelling Holderness Planning Board, SLA water quality monitoring volunteer 
Dave Martin SLA water quality monitoring volunteer, shorefront property owner 
David Cutright SLA water quality monitoring volunteer, shorefront property owner 
Wendy Waskin NHDES 
Matt Wood NHDES 
Mark Green Plymouth State University 
Bob Craycraft University of New Hampshire Lakes Lay Monitoring Program 
Leigh Sharps Ashland Select Board, shorefront property owner 
Susan McLeod Ashland Planning Board 
Charley Hanson Center Harbor Planning Board 
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1.4 LƴŎƻǊǇƻǊŀǘƛƴƎ 9t!Ωǎ bƛƴŜ 9ƭŜƳŜƴǘǎ 

The EPA requires that watershed plans incorporate nine key elements. These nine elements are described 
below, along with the section locations for each of the elements in the Squam Lakes Watershed Management 
Plan.  

a. Identify pollution causes and sources: Section 3.5 describes the results of the watershed survey and 
summarizes the erosion hotspots that contribute sediment and nutrients to the lake.  

b. Estimate pollution reductions needed: Sections 3.4.1 and 3.4.2 describe the pollutant load reductions 
necessary to reach the water quality goal of maintaining current water quality in the Squam Lakes.  

c. Management measures that will achieve load reductions and targeted critical areas: Sections 4 and 5.2 
describe the actions to be undertaken to meet the water quality goal established by the watershed 
management plan.  

d. Estimate amounts of technical and financial assistance and the relevant authorities needed to 
implement the watershed management plan: Sections 5.1, 5.2, and 5.4 describe costs, technical 
assistance needed, and those groups or individuals that will be responsible for completing action items. 

e. Develop an information/education component: Education, outreach, and communication are discussed 
in Sections 1.5, 5.2, and 5.5 

f. Develop a project schedule: The project schedule is established in the Action Plan (Section 5.2). Each 
action item has a timeline of when completion should be expected. 

g. Describe the interim, measurable milestones: Section 5.3 describes the interim as well as final 
milestones indicating successful watershed management plan implementation.  

h. Identify indicators to measure progress: Sections 3.4 and 5.3 can be used to determine if loading 
reductions are being met over time indicating  watershed management plan implementation is 
successful or on-track. 

i. Develop a monitoring component:  Long-term monitoring in the Squam Lakes is an important aspect of 
ensuring the watershed management ǇƭŀƴΩǎ ǎǳŎŎŜǎǎΦ aƻƴƛǘƻǊƛƴƎ Ǝƻŀƭǎ ŀǊŜ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ ǘƘŜ Action Plan 
in Section 5.2 

1.5 Public Engagement and Community Involvement 

Kick-off Meeting 

On January 20, 2016, more than 50 individuals gathered to celebrate the Squam Lakes watershed and kick-off 
the update of the Squam Lakes Watershed Management Plan. After a brief presentation about the Squam 
Lakes watershed and the planning process, participants divided into small groups to discuss the following topics: 

¶ Iƻǿ Řƻ ǿŜ ŜƴƘŀƴŎŜ ǘƘŜ ǇǳōƭƛŎΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ {ǉǳŀƳ watershed project and how do we 
encourage people to be involved? 

¶ What are your thoughts about a new Squam Watershed Management Plan? What do we need to 
address?  

¶ What do you think are the issues and priorities around the economy, environment, and culture of the 
Squam Lakes watershed?  

At the end of the meeting, the entire group came back together to summarize the breakout sessions.  

Speaker Series and Science Pub Events 

The SLA worked with local partners to host public programs that pertain to the watershed management 
planning process. Three programs were held: 

¶ 3/27/2019: Speaker Series (landscape and design to protect water quality) 

¶ 9/11/2019: Science Pub (climate change) 

¶ 10/16/2019: Science Pub (land conservation, stream restoration) 
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Meetings with Town Officials 

The Lakes Region Planning Commission (LRPC) was responsible for reaching out to town officials and board 
members (selectboards, planning boards, and conservation commissions) and including them in the watershed 
management planning process.  

On February 13, 2019, the LRPC introduced the results of the buildout analysis to town officials and the public. 
LRPC followed up on this meeting in September 2019 through November 2019 at meetings with the planning 
board for each watershed town: Ashland, Center Harbor, Holderness, Moultonborough, and Sandwich.  

SLA Annual Meetings 

The Squam Lakes Watershed Management Plan has been a major point of discussion at every SLA annual 
meeting since 2016. 

Weed Watcher Trainings 

The SLA trains individuals to be the first line of defense against new aquatic invasive species and new patches of 
variable milfoil (an aquatic invasive species already present in the Squam Lakes). Weed Watcher trainings were 
held every other Saturday between June and August 2018 and on three dates in 2019: 6/22, 7/20, and 8/23. 

Stakeholder Interviews 

During spring 2016, ƛƴǘŜǊǾƛŜǿǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ǿƛǘƘ ǎǘŀƪŜƘƻƭŘŜǊǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿŀǘŜǊǎƘŜŘ ǳǎŜǊǎΩ ƪƴƻǿƭŜŘƎŜ 
about watershed issues, identify key issues in the Squam Watershed, and engage stakeholders in the watershed 
management planning process. Qualitative analysis techniques were applied to determine key issues and 
themes which should be incorporated to the new Squam Lakes Watershed Management Plan. Interview 
highlights: 

¶ Water quality is a primary concern. Tributaries and upland areas are important. Management should 
focus on the watershed as a whole. 

¶ The use of the watershed is important, and the frequency and intensity of use are issues. 

¶ The development of land for residential and business uses needs to be considered. It is important to 
improve the economic well-being and quality of life through job creation and growing income. 

¶ All five towns in the watershed need to be involved. Need dialog between communities. 

¶ Need to engage lots of people; tƘŜ ƴŜǿ Ǉƭŀƴ ǎƘƻǳƭŘ ōŜ ŜǾŜǊȅƻƴŜΩǎ Ǉƭŀƴ. 

¶ Complete the plan in a timely manner and implement the new plan soon thereafter.  

¶ The Watershed Management Plan will help with finding a balance for the use and development of the 
watershed. 

Survey of Recreational Visitors 

A survey of recreational visitors was conducted over two days in July 2016 at the West Rattlesnake trailhead, the 
Holderness boat launch, campsites, and the SLA headquarters in Holderness. The survey was designed to gather 
demographic and qualitative data about the visitors, their purpose for coming to the Squam Lakes Watershed, 
their opinion about water quality, and what they identify as threats to the watershed. A summary of the survey 
findings is presented below: 

¶ 226 people participated in the survey that was evenly distributed over each day. 

¶ 83% of respondents do not live in the Squam Lakes watershed, of which 23% had not visited the Squam 
region before, and 80% were staying one week or less. 

¶ During their visit to the Squam Lakes watershed, 39% of all respondents planned to spend less than 
$100, and 29% planned to spend greater than $500. 

¶ Hiking, swimming, and boating were the most popular activities that respondents engaged in. 

¶ People come for the recreational opportunities, visiting family and friends, clean water, undeveloped 
landscape, and fewer people engaged in similar pursuits. 
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¶ 57% of respondents expressed that they are concerned, very concerned, or extremely concerned about 
water quality in the lakes. 

¶ People cited development of land, roads, and climate change as the top three potential threats to the 
watershed. 

1.6 Current and Historic Efforts in the Squam Watershed 

Lakes Lay Monitoring Program (1979-present):  

The SLA has been collecting water quality data from Squam Lakes since 1979, in partnership with the University 
ƻŦ bŜǿ IŀƳǇǎƘƛǊŜ /ƻƻǇŜǊŀǘƛǾŜ 9ȄǘŜƴǎƛƻƴΩǎ Lakes Lay Monitoring Program (LLMP). This volunteer program runs 
June through August and collects several parameters at thirteen sites across the Squam Lakes. In addition to the 
volunteer monitoring portion of this program, biologists from the LLMP visit the Squam Lakes once per month in 
June, July, and August. Parameters measured include water clarity, chlorophyll-a, total phosphorus, total color, 
alkalinity, pH, and dissolved oxygen. 

Septic System Survey Data for Shoreland Properties (1998-1999) 

In 1992-1993 and again in 1998-1999, the SLA conducted a septic system survey for shoreland properties around 
the lake. The earlier survey had a 66% response rate, and the later study collected data from 88% of shorefront 
properties. The two studies resulted in the following summary and conclusions: 

The initial and subsequent review of town files may have led to an incentive to improve record keeping because 
in almost all cases, record accuracy and completeness had improved significantly over the project period. The 
data were mapped based on two survey criteria deemed to be of primary significance: age of system and 
distance of subsurface sanitary, septic system, or other waste management system from lake. The graphical 
depiction of these criteria did not reveal any clear patterns in the potential failure risk of septic systems. The 
graphical representation of tax lots necessary for the mapping of the septic data did lead to an evaluation of the 
density of shoreland development.  

Tributary Monitoring study (1999-2001) 

In late 1998, the SLA and UNH LLMP developed a monitoring program to assess each of the subwatersheds in 
the Squam Lakes Watershed. The program was an intensive study of the major tributaries entering the Squam 
Lakes with the goal of determining the water budget and nutrient contributions of each of the subwatersheds. 
This tributary monitoring program was conducted from July 1999 through June 2000 and provided baseline 
hydrologic and phosphorus budgets for the Squam Lakes. 

Bioinventory (2001-2002) 

A biological inventory of the Squam Lakes Watershed was performed between July 2001 and July 2002. The 
purpose of the inventory was to establish representative monitoring plots and to collect baseline biological data 
from these locations. During the baseline bioinventory study, a total of 827 distinct species were identified and 
confirmed to be present in the Squam Lakes watershed.  

LoVoTECs (2012-2016) 

From 2012-2016, the SLA participated in a statewide stream monitoring program that measured stream depth, 
temperature, and specific conductance in streams throughout New Hampshire. One site was located at an 
unnamed brook running through Belknap Woods into Dog Cove, and the other sensors were deployed in Mill 
Brook. The sensors recorded measurements every 4-15 minutes from 2012-2016. The results from 2014 show 
Mill Brook falls within normal healthy limits. The water coming out of Belknap Woods fluctuates between the 
normal and low-impact categories. Results also show that the higher conductivity readings at Belknap Woods 
are likely related to impact from road salt. 

 

http://cfb.unh.edu/programs/LLMP/nhllmp.htm
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Watershed Reports (2012-present) 

In 2012, the SLA began publishing the Squam Watershed Report. This annual publication is a compilation of all 
the data collected in the Squam Lakes Watershed each year. While the reports vary from year to year, they 
generally include data and analysis about water quality, land protection, fisheries, invasive species (both aquatic 
and terrestrial), loons, and land conservation. 

Aquatic Invasive Species 

Variable milfoil is the primary aquatic invasive species in the Squam Lakes Watershed, and the SLA has been 
successfully managing it since 2000, resulting in a reduction in both the amount and spread of milfoil. The 
Chinese mystery snail, an invasive aquatic invertebrate animal, is also present in the Squam Lakes. Control of 
both variable milfoil and the Chinese mystery snail and prevention of the introduction of other aquatic invasives 
is a focus of the Squam Lakes Watershed Management Plan. 

Investigation of Contaminants in the Squam Lakes Watershed (2018-2019) 

In 2018, the SLA received funding to investigate various contaminants identified in the Squam Lakes Watershed. 
The SLA began working with Geosyntec, an environmental consulting firm, to create a preliminary plan to widen 
the geographic scope of contaminant sampling in the Squam Lakes Watershed. The short-term sampling effort 
will inform a longer-term investigation.  

Staff at the SLA conducted sediment sampling in seven Squam Lakes tributaries in early November 2018. 
Sediment samples were tested for DDT (dichlorodiphenyltrichloroethane), PCBs (polychlorinated biphenyls), and 
dioxins/furans. These chemicals are persistent and ubiquitous in the environment, meaning they are very slow 
to break down in nature and can be found in all environments due to high levels of wide-spread historic use.  

Generally, the contaminants of concern - DDT, dioxins/furans, and PCBs - tend to stick to sediment, which is why 
the SLA have tested tributary sediment and not water samples. These contaminants are insoluble in water and 
therefore less of a hazard to swimmers. Concentrations of these contaminants were compared to EPA Regional 
Screening Levels for recreational exposure to sediment (i.e., swimming, wading, etc.). Results indicated that 
concentrations of these compounds in sediment do not pose a risk to human health through recreational 
exposure. As these compounds do accumulate in fish, the exposure to humans is primarily through fish 
consumption. Levels of these contaminants are known to accumulate up the food chain and can impact both 
aquatic invertebrates and vertebrates, including apex predators such as loons (the Loon Preservation Committee 
has also performed sediment analysis and continues to test loon eggs for DDT and PCBs, and other 
contaminants). Further study is recommended. Sediment mitigation projects, such as those recommended in 
this plan to reduce nutrient loading, are also beneficial to reduce potential legacy contaminants from entering 
the Squam Lakes.  
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2. The Squam Lakes Watershed 
2.1 Watershed description 

The Squam Lakes Watershed, located in central New Hampshire, covers 36,644 acres. At the heart of the 
watershed is Squam Lake (6,762 acres) and Little Squam Lake (408 acres). The watershed is 20% open water 
with 85% of the surrounding watershed landscape as forest. There is minimal development in the Squam Lakes 
Watershed; less than 3% of the watershed is considered low density development, while high and medium 
density development are less than 0.1% of the total watershed area. There are 34 tributaries contributing flows 
to the Squam River and Squam Lakes. Water flows generally from east to west from Squam Lake through the 
Squam Channel into Little Squam Lake and through two miles of the Squam River until the lake impoundment in 
Ashland. Ultimately, the Squam River drains into the Pemigewasset River in Ashland. The watershed is divided 
among multiple political boundaries: three counties (Belknap, Carroll, and Grafton) and seven towns (Ashland, 
Campton, Center Harbor, Holderness, Meredith, Moultonborough, and Sandwich). Elevations range from 2,212 
feet on Mount Percival in the Squam Range, which forms the northern boundary of the watershed, to 561 feet 
at the outlet dam in Ashland. Twenty-six percent (26%) of the Squam Lakes Watershed is permanently protected 
through conservation easements.  

 

 

Figure 2-1: Map of the Squam Lake and Little Squam Lake Watersheds and their sub-basins. Cross-hatched areas are 
direct shoreline input. Red dots indicate water quality monitoring sites. LS West (in Little Squam Lake) and Deephaven (in 
Squam Lake) are the deepest points in each lake. 
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2.2 Physical Characteristics 

2.2.1 Surficial Geology 

Surficial earth materials include unconsolidated sediments (sand, gravel, etc.) of glacial and nonglacial origin. 
Most of these deposits formed during and after the latest episode of glaciation within the last 25,000 years. 
Surficial sediments cover bedrock over much of the watershed. 

Till is the most widespread surficial deposit in the Squam Lakes watershed. It blankets the hills and sides of 
mountains, although parts of it have been disturbed by mass movements and surface water runoff on the 
steeper slopes. There are many shallow areas and islands on Squam Lake where large boulders are present. 
These boulders resulted from extensive capture and movement of the Winnipesaukee Tonalite bedrock as 
glacial ice flowed over the area. 

Glacial sand and gravel were emplaced in the Squam Lakes watershed, most commonly in lowland areas by 
waters flowing out of melting ice during recession of the Laurentide Ice Sheet. 

Ice-contact deposits formed where water laid glacial sediments upon or beside melting ice in the marginal zone 
of the retreating ice sheet. The resulting sand and gravel deposits may show hummock topography, including 
locally steep slopes where the ice once stood and depressions (kettles) left by melting of stray buried ice blocks. 
Ice-contact sand and gravel deposits occur in the upper Owl Brook valley in Holderness (Thompson, 2015).   

Outwash consists of sand and gravel laid down by glacial meltwater streams on valley bottoms as the ice sheet 
retreated from the study area. Small outwash deposits occur on the northwest side of Squam Lake and along 
Owl Brook in Holderness (Thompson, 2015).   

Terraces of sand and gravel are scattered along the shorelines of Squam Lake and Little Squam Lake in 
Holderness and Ashland. These deposits were formed when both lakes were slightly higher than today, and the 
lake surfaces probably stood at an elevation of about 580 ft. The higher lake system may have been dammed by 
a temporary plug of glacial till in a narrow part of the Squam River valley, just upstream from the modern dam 
that now regulates the lake levels. Sand and gravel in the lower Owl Brook valley are thought to be glacial 
outwash that the brook carried into ancestral Little Squam Lake.  

Stream terraces are remnants of past floodplains that have been left as streams eroded down to their modern 
levels. These flat-topped deposits consist mostly of sand and gravel that were reworked from older glacial 
sediments. They occur along parts of Owl Brook in Holderness (Thompson, 2015). 

Fine-grained and organic-rich sediments of postglacial age have been deposited in low, flat, poorly drained 
areas. This unit occurs in upland areas and in some poorly drained valley environments associated with flood 
plains.   

Alluvial sand, gravel, silt, and organic material have been deposited by late glacial to modern streams.  Sediment 
coarseness varies depending on the depositional environment, but in general there is a higher percentage of 
coarse gravel along steep streams in mountainous areas around the periphery of the watershed, while silty-
sandy sediments are associated with more sluggish streams in gently sloping valley bottoms. 

2.2.2 Soil Erosion Potential 

Soil type and soil erosion potential are important considerations when planning for development. Soils with 
lower infiltration rates and higher runoff potential can contribute greater amounts of nonpoint source pollution 
(nutrients, sediments, bacteria, etc.) to surface water. Soil erosion potential is determined from the soil 
hydrologic group, where soils are ranked from A-D, with A as the highest soil erosion potential and D as the 
lowest. Most soils in the Squam Lakes Watershed are ranked as B (24%) with moderately low runoff potential 
and C (57%) with moderately high runoff potential. 
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2.3 Population 

According to the United States Census Bureau, most towns in the Squam Lakes watershed have experienced 
steady population growth over the last 30 years. The populations of watershed towns combined have grown 
from 7,312 people in 1980 to 10,650 people in 2010 ς a 46% increase. During that same time span, housing units 
in the target communities grew from 5,952 to 9,657 ς a 62% increase. In most cases the rate of housing growth 
has been higher than the population growth rate. Note that the population and housing data account for each 
ŜƴǘƛǊŜ ǘƻǿƴΣ ƴƻǘ Ƨǳǎǘ ǘƘŀǘ ǘƻǿƴΩǎ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ ƘƻǳǎƛƴƎ ǿƛǘƘƛƴ ǘƘŜ ǿŀǘŜǊǎƘŜŘΦ A more extensive breakdown of 
population in watershed towns was included in the Squam Lakes Watershed Build-Out Analysis (Lakes Region 
Planning Commission, 2018). 

2.4 Land Cover 

Land cover in a watershed helps identify areas that contribute nonpoint source pollution, such as phosphorus, to 
surface waters. For example, residential and urbanized areas contribute more nutrients to surface waters than 
undeveloped forest lands. Details on the land cover assessment are provided in Section 3.2. 

Today, in the Squam Lake Watershed, development accounts for 6% (476 acres), while forested areas dominate 
at 81% (7002 acres). Wetlands and open water represent 8% (696 acres) of the watershed, not including Squam 
Lake. Agriculture represents 4% (306 acres) and includes hayfields, and grazing pastures.  

In the Little Squam Lake Watershed, development accounts for 7% (258 acres), while forested areas cover at 
84% (2890 acres). Wetlands and open water represent 2% (93 acres) of the watershed, not including Little 
Squam Lake. Agriculture represents 4% (142 acres) of the land cover.  

Developed areas within the Squam Lakes watershed are characterized by impervious surfaces, including areas 
with asphalt, concrete, and rooftops that force rain and snow that would otherwise soak into the ground to 
runoff as stormwater. Stormwater runoff carries pollutants to waterbodies that may be harmful to aquatic life, 
including sediments, nutrients, pathogens, pesticides, hydrocarbons, and metals. The build-out analysis 
conducted for the watershed, coupled with projected population growth trends, indicates that the percentage 
of developed area will continue to increase. Therefore, it is imperative that watershed communities incorporate 
low impact development (LID) techniques into new development projects. More information on BMP 
implementation can be found in the Action Plan in Section 5.2. 

2.5 Lake Morphology and Morphometry 

The morphology (shape) and bathymetry (depth) of lakes are considered reliable predictors of water clarity and 
lake ecology. Large, deep lakes are typically clearer than small, shallow lakes as the differences in lake area, 
number and volume of upstream lakes, and flushing rate affect lake function and health. The surface area of 
Squam Lake (6,762 acres) and Little Squam Lake (408 acres) is characterized by complex morphology with 
numerous coves and bays that generate an extensive shoreline length and distinct basins that may limit water 
and nutrient movement at certain times of the year. Squam Lake has a mean depth of 7 m, a maximum depth of 
27 m, and a volume of 187,047,000 m3Φ {ǉǳŀƳ [ŀƪŜΩǎ ŀǊŜŀƭ ǿŀǘŜǊ ƭƻŀŘ ƛǎ нΦу ƳκȅǊΣ ŀƴŘ ƛǘǎ ŦƭǳǎƘƛƴƎ ǊŀǘŜ ƛǎ лΦп 
times per year. The low areal water load and flushing rate means that the entire volume of the Squam Lakes is 
replaced every 2.4 years, which increases time for pollutants to settle in lake bottom sediments or be taken up 
by biota. Little Squam Lake has a mean depth of 10 m, a maximum depth of 21 m, and a volume of 17,431,112 
m3Φ [ƛǘǘƭŜ {ǉǳŀƳ [ŀƪŜΩǎ ŀǊŜŀƭ ǿŀǘŜǊ ƭƻŀŘ ƛǎ рфΦр ƳκȅǊΣ ŀƴŘ its flushing rate is 5.8 times per year. The moderately-
high areal water load and flushing rate means that the entire volume of Little Squam Lake is replaced multiple 
times every year, which decreases time for pollutants to settle in lake bottom sediments or be taken up by biota. 
The statistics presented here were derived from (or cited in) LLRM documentation (see Section 3.2). 
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3. Water Quality Assessment 
3.1 Water Quality and Assimilative Capacity Analysis 

3.1.1 Analysis Design and Methods 

Data acquisition and analysis followed the protocol established in the April 18, 2018 Site Specific Project Plan 
(SSPP). As established in the SSPP, the parameters assessed for the Squam Lakes Watershed Management Plan 
included Secchi disk transparency (SDT), as well as chlorophyll-a and total phosphorus from epilimnetic 
composite samples from the summer season (May 24th through September 15th). Water quality data were 
accessed from the NHDES Environmental Monitoring Database (EMD). EMD data were available from 1979-
2017. Using these data, we ran summary statistics and trend analyses on historic data (1979-2007), recent data 
(2008-2017), and all data (1979-2017). Trends in water quality for each parameter were analyzed by the Mann-
Kendall test (rkt, R statistical program; Marchetto, 2015). 

3.1.2 Water Quality Criteria 

According to the NH Consolidated Assessment and Listing Methodology (CALM), New HampǎƘƛǊŜΩǎ ǿŀǘŜǊ ǉǳŀƭƛǘȅ 
criteria set the baseline quality that all surface waters of the state must meet in order to protect their 
designated uses and are the measure for identifying where water quality violations exist and for determining the 
effectiveness of regulatory pollution control and prevention programs. Designated uses are the desirable 
activities and services that surface waters should be able to support, and include uses for aquatic life, fish 
consumption, shellfish consumption, drinking water supply, primary contact recreation (swimming), secondary 
contact recreation (boating and fishing), and wildlife. Water quality criteria may be found in RSA 485-A:8, I-V and 
in the sǘŀǘŜΩǎ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ǊŜƎǳƭŀǘƛƻƴǎ 9ƴǾ-Wq 1700.  

For lakes, water quality criteria vary depending on the ƭŀƪŜΩǎ trophic status, since each trophic state has a certain 
algal biomass (chlorophyll-a) that represents a balanced, integrated, and adaptive community (Table 3-1). To 
determine if a waterbody is meeting its designated uses, water quality criteria for various water quality 
parameters (e.g., chlorophyll-a, total phosphorus, dissolved oxygen, pH, and toxics) are applied to the water 
quality data. If a waterbody meets or is better than the water quality criteria, the designated use is supported. If 
the waterbody does not meet or is worse than the water quality criteria, it is considered impaired for the 
designated use. Aquatic Life Use (ALU) and Primary Contact Recreation (PCR) are the two major uses for New 
Hampshire lakes, with ALU being the focus of watershed management plans. 

For ALU assessment, phosphorus and chlorophyll-a are combined per the decision matrix presented in Table 3-2. 
The chlorophyll-a concentration will dictate the assessment if both chlorophyll-a and phosphorus data are 
available and the assessments differ.  

Dissolved oxygen is also used as an indicator for ALU assessment and is critical to the balanced, integrative, and 
adaptive community of organisms (see Env-Wq 1703.19). For Class A waters, non-support use determinations 
are based on a daily average measurement of 75% dissolved oxygen saturation or less and an instantaneous 
dissolved oxygen measurement of 6 ppm or less, which apply to any depth in a vertical profile (except within 1 
meter of lake bottom) collected from June 1 to September 30 (see Env-Wq 1703.07).  

 

Table 3-1: Trophic state water quality criteria in New Hampshire. 

Trophic State Total Phosphorus (ppb) Chlorophyll-a (ppb) 

Oligotrophic <8.0 <3.3 
Mesotrophic 8.0-12.0 3.3-5.0 
Eutrophic >12.0-28.0 >5.0-11.0 
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Table 3-2. Decision matrix for aquatic life use (ALU) assessment in New Hampshire. TP = total phosphorus. Chl-a = 
chlorophyll-a, a surrogate measure for algae concentration.  

Nutrient Assessments TP Threshold Exceeded 
TP Threshold NOT 
Exceeded 

Insufficient Info for 
TP 

Chl-a Threshold Exceeded Impaired Impaired Impaired 

Chl-a Threshold NOT Exceeded Potential Non-support Fully Supporting Fully Supporting 

Insufficient Info for Chl-a Insufficient Info Insufficient Info Insufficient Info 

 

3.1.3 Squam Lake Water Quality 

Total Phosphorus, Chlorophyll-a, Secchi Disk Transparency 

Water quality in Squam Lake is stable and meets water quality criteria for oligotrophic lakes. Table 3-3 shows the 
ǎǳƳƳŀǊȅ Řŀǘŀ ŦƻǊ {ǉǳŀƳ [ŀƪŜΩǎ ŘŜŜǇ ǎǇƻǘ ƴŜŀǊ 5ŜŜǇƘŀǾŜƴ wŜŜŦΦ 9ǇƛƭƛƳƴŜǘƛŎ ǘƻǘŀƭ ǇƘƻǎǇƘƻǊǳǎ ŜȄƘƛōƛǘǎ ƴƻ 
annual trends since 1982, when TP data was first collected (Figure 3-1). The historic (1982-2007) record showed 
a trend toward increasing (worsening) chlorophyll-a that leveled off after 2008 (Figure 3-2). For water clarity 
measured by Secchi disk, the entire data set and the most recent ten years of data show a trend toward 
increasing water clarity, indicating a possible improvement in water clarity (Figure 3-3). 

 

Table 3-3: Squam Lake summary statistics for epilimnetic total phosphorus, epilimnetic chlorophyll-a, and Secchi disk 
transparency during the summer season (May 24-September 15). Trends were determined using the Mann-Kendall trend 
analysis test. 

Squam Lake 
n 

Mean 
(ppb) 

Median 
(ppb) 

Min 
(ppb) 

Max 
(ppb) 

Trend 
MK p-
value 

MK slope 
Total Phosphorus 

All years (1982-2017, y=31) 87 6.2 6 1.5 6.2 no trend 0.683 0.021 
Historic (1982-2007, y=21) 51 6.1 5.6 1.5 18.3 no trend 1 -0.008 
Recent (2008-2017, y=10) 36 6.4 6.5 3.4 13.3 no trend 0.788 -0.02 

Squam Lake 
n 

Mean 
(ppb) 

Median 
(ppb) 

Min 
(ppb) 

Max 
(ppb) 

Trend 
MK p-
value 

MK slope 
Chlorophyll-a 

All years (1982-2017, y=36) 93 2 1.9 0.5 6 no trend 0.185 0.015 
Historic (1982-2007, y=26) 58 2 1.9 0.5 6 declining 0.015 0.05 
Recent (2008-2017, y=10) 35 1.9 1.7 1.1 3.4 no trend 0.857 -0.008 

Squam Lake 
n 

Mean 
(m) 

Median 
(m) 

Min (m) 
Max 
(m) 

Trend 
MK p-
value 

MK slope 
Secchi Disk Transparency 

All years (1982-2017, y=34) 92 8.7 8.8 6.3 11.4 improving 0.048 0.03 
Historic (1982-2007, y=24) 55 8.5 8.6 6.5 11.4 no trend 0.766 0.009 
Recent (2008-2017, y=10) 37 9 9.2 6.3 11.4 improving 0.025 0.225 
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Figure 3-1: Annual median epilimnetic total phosphorus for the deep spot of 
Squam Lake, 1982-2017. Gaps reflect years with no data. 

 

Figure 3-2: Annual median epilimnetic chlorophyll-a for the deep spot of 
Squam Lake, 1982-2017 

 

Figure 3-3: Annual average Secchi disk transparency for the deep spot of 
Squam Lake, 1982-2017. Gaps reflect years with no data. 
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3.1.4 Little Squam Lake Water Quality  

Total Phosphorus, Chlorophyll-a, Secchi Disk Transparency 

Water quality in Little Squam Lake is stable and meets water quality criteria for oligotrophic lakes. Table 3-4 
ǎƘƻǿǎ ǘƘŜ ǎǳƳƳŀǊȅ Řŀǘŀ ŦƻǊ [ƛǘǘƭŜ {ǉǳŀƳ [ŀƪŜΩǎ ŘŜŜǇ ǎǇƻǘ ŀǘ ǘƘŜ ǿŜǎǘŜǊƴ ŜŘƎŜ ƻŦ ǘƘŜ ƭŀƪŜΦ 9ǇƛƭƛƳƴŜǘƛŎ ǘƻǘŀƭ 
phosphorus exhibits no annual trends since 1980, when TP data was first collected (Figure 3-4). The historic 
(1979-2007) record showed no trend in chlorophyll-a concentrations (Figure 3-5). For water clarity measured by 
Secchi disk, the entire data set and the most recent ten years of data also show no trend (Figure 3-6). 

 

Table 3-4: Little Squam Lake summary statistics for epilimnetic total phosphorus, epilimnetic chlorophyll-a, and Secchi 
disk transparency during the summer season (May 24-September 15). Trends were determined using the Mann-Kendall 
trend analysis test. 

Little Squam Lake 
n 

Mean 
(ppb) 

Median 
(ppb) 

Min 
(ppb) 

Max 
(ppb) 

Trend 
MK p-
value 

MK 
slope Total Phosphorus 

All years (1980-2017, y=33) 191 7 6.4 1.5 29.4 no trend 0.336 -0.021 
Historic (1980-2007, y=23) 101 7.3 6.3 1.5 29.4 no trend 0.161 -0.056 
Recent (2008-2017, y=10) 90 6.5 6.4 4.2 9.8 no trend 0.474 0.181 

Little Squam Lake 
n 

Mean 
(ppb) 

Median 
(ppb) 

Min 
(ppb) 

Max 
(ppb) 

Trend 
MK p-
value 

MK 
slope Chlorophyll-a 

All years (1979-2017, y=39) 463 1.9 1.9 0.4 4.3 no trend 0.37 0.008 
Historic (1979-2007, y=29) 362 1.9 2 0.4 4.3 no trend 0.053 0.03 
Recent (2008-2017, y=10) 101 1.9 1.8 1 3 no trend 0.474 0.054 

Little Squam Lake 
n 

Mean 
(m) 

Median 
(m) 

Min 
(m) 

Max 
(m) 

Mean 
(m) 

Median 
(m) 

Min (m) 
Secchi Disk Transparency 

All years (1979-2017, y=39) 571 7.3 7.3 5 9.6 no trend 0.468 -0.006 
Historic (1979-2007, y=29) 406 7.1 7.3 5 9.6 no trend 0.75 0.01 
Recent (2008-2017, y=10) 165 7.3 7.4 5.9 8.9 no trend 0.589 0.075 

 

 

 

Figure 3-4: Annual median epilimnetic total phosphorus for the deep spot 
of Little Squam Lake, 1980-2017. Gaps reflect years with no data. 
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Figure 3-5: Annual median epilimnetic chlorophyll-a for the deep spot of 
Little Squam Lake, 1979-2017. 

 

Figure 3-6: Annual average Secchi disk transparency for the deep spot of Little 
Squam Lake, 1979-2017. 

3.1.5 Assimilative Capacity 

The assimilative capacity of a waterbody describes the amount of pollutant that can be added to that waterbody 
without exceeding water quality criteria. For New Hampshire lakes, the water quality criteria for phosphorus and 
chlorophyll-ŀ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ƭŀƪŜΩǎ ǘǊƻǇƘƛŎ ǎǘŀǘǳǎΦ ¢ƘŜ bI59{ Ƙŀǎ ŘŜǘŜǊƳƛƴŜŘ ǘƘŀǘ ǘƘŜ ǘǊƻǇƘƛŎ ǎǘŀǘǳǎ ƻŦ {ǉǳŀƳ 
Lakes is categorized as oligotrophic. For oligotrophic lakes, the water quality criteria for phosphorus and 
chlorophyll-a is 8.0 ppb and 3.3 ppb, respectively. Total assimilative capacity is the difference between zero and 
the water quality criteria and thus is set by the water quality criteria. The NH Surface Water Quality Standards 
(ENV-Wq-1708) require that 10% of the assimilative capacity for a waterbody must be held in reserve. For 
Squam Lake and Little Squam Lake, the reserve assimilative capacity for total phosphorus and chlorophyll-a is 
7.2 ppb and 3.0 ppb, respectively. The remaining assimilative capacity is the calculated difference between the 
water quality criteria and the existing median water quality value. Epilimnetic total phosphorus and chlorophyll-
a levels should remain below 7.2 ppb and 3.0 ppb, respectively, to be in the Tier 2 High Quality Water category 
for an oligotrophic lake. Tier 2 waters in New Hampshire are of the highest qualityτwater quality is better than 
10% of the criteria (Table 3-5). Tier 1 waters are within 10% of the water quality criteria, and impaired waters 
exhibit water quality that exceeds the state criteria. 



SQUAM LAKES | WATERSHED MANAGEMENT PLAN 

SQUAM LAKES ASSOCIATION  25 

 

Table 3-5: NH surface water classification assessment criteria. 

Water Quality 
Classification 

Description Total Phosphorus (ppb) Chlorophyll-a (ppb) 

Tier 2 
Water quality is better than 10% of the water 
quality criteria 

<7.2 <3.3 

Tier 1 
Water quality is within 10% of the water 
quality criteria 

7.2-8.0 3.3-5.0 

Impaired Water quality exceeds the criteria >8.0 >5.0 

 

Recent (2008-2017) median epilimnetic total phosphorus and chlorophyll-a for the deepest spots of both Squam 
Lakes were used to calculate the total, reserve, and remaining assimilative capacity. For Squam Lake and Little 
Squam Lake, the existing median for both total phosphorus and chlorophyll-a is better than the reserve 
assimilative capacity threshold and thus meet the classification of Tier 2 for high quality waters ( 

Table 3-6).  

 

Table 3-6: Assimilative capacity, reserve assimilative capacity, remaining assimilative capacity, and waterbody 
classification for total phosphorus and chlorophyll-a in Squam Lake and Little Squam Lake. 

Squam Lake 
Assimilative Capacity 

Existing Median 
TP (ppb) 

Assimilative 
Capacity (ppb) 

Reserve 
Assimilative 
Capacity (ppb) 

Remaining 
assimilative 
capacity (ppb) 

Waterbody 
classification 

Total Phosphorus 6.5 8.0 7.2 0.7 Tier 2 
Chlorophyll-a 1.7 3.3 3.0 1.3 Tier 2 

Little Squam Lake 
Assimilative Capacity 

Existing Median 
TP (ppb) 

Assimilative 
Capacity (ppb) 

Reserve 
Assimilative 
Capacity (ppb) 

Remaining 
assimilative 
capacity (ppb) 

Waterbody 
classification 

Total Phosphorus 6.4 8.0 7.2 0.8 Tier 2 
Chlorophyll-a 1.8 3.3 3.0 1.2 Tier 2 

 

3.1.6 Dissolved Oxygen and Hypolimnion Total Phosphorus 

Dissolved oxygen concentrations from the most recent ten years were also examined to understand the depth at 
which each lake experiences anoxia and how many days anoxia occurs. These data were used to calculate 
internal loading in the watershed model. Also, for the internal load calculation, the difference between 
epilimnetic and hypolimnetic total phosphorus levels was calculated. For Squam Lake, the difference in TP levels 
ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ŀǘ ǘƘŜ [ŀƪŜΩǎ ŘŜŜǇest point, Deephaven Reef. Multiple sites were used to calculate the anoxic 
zone of the lake since there are so many distinct deep basins that experience anoxia (Table 3-7). When the 
dissolved oxygen concentration is less than 1.0 mg/L, the conditions are considered anoxia and oxygen deprived. 
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Table 3-7: Date and depth of anoxic conditions in Squam Lake water quality testing sites. 

SITE DATE DEPTH (m) 
TEMP 
(C)  

DO 
(mg/L) 

Station Max 
Depth (m) 

 5 Livermore Cove 8/18/2010 8 22.2 0 9.1 

10 Sandwich Bay 8/18/2016 21 6.5 0.47 22.9 

10 Sandwich Bay 8/15/2017 19.958 6.923 0.99 22.9 

10 Sandwich Bay 8/16/2018 20.693 6.482 0.98 22.9 

12 Moultonboro Bay 9/28/2016 13.5 15.6 0.15 18.6 

14 Sturtevant Bay 7/20/2011 13 9.5 0.47 18 

14 Sturtevant Bay 8/12/2014 15 9.7 0.98 18 

14 Sturtevant Bay 7/16/2015 16.5 8.5 0.66 18 

14 Sturtevant Bay 8/12/2015 13.5 10.1 0.94 18 

14 Sturtevant Bay 7/12/2016 16 11.1 0.89 18 

14 Sturtevant Bay 9/28/2016 12 16.7 0.17 18 

14 Sturtevant Bay 7/12/2017 17 9.8 0.94 18 

14 Sturtevant Bay 8/15/2017 12.5 12.2 0.68 18 

14 Sturtevant Bay 8/16/2018 13.5 9.6 0.26 18 

16 Dog Cove 7/20/2011 12 16.4 0.02 18.2 

16 Dog Cove 8/20/2013 9 21.3 0.08 18.2 

18 Piper Cove 9/24/2010 13.5 17.9 0 12.2 

18 Piper Cove 7/20/2011 13 12.9 0.59 12.2 

18 Piper Cove 8/20/2013 10.5 17.5 0.85 12.2 

18 Piper Cove 8/18/2016 11.5 17.5 0.52 12.2 

18 Piper Cove 7/12/2017 13.98 13.667 0.92 12.2 

18 Piper Cove 8/15/2017 11.183 15.99 0.93 12.2 

18 Piper Cove 8/16/2018 11.436 14.012 0.91 12.2 

Deep Haven 8/15/2017 29.398 7.727 0.97 30 

Loon Reef 8/18/2016 23 10.6 0.93 27.7 

Loon Reef 8/15/2017 24.028 9.806 0.98 27.7 

      

 

For Little Squam Lake, only one site was used when looking at anoxic conditions to calculate internal loading and 
there were only three days where anoxia was measured in the recent data (Table 3-8). 

Table 3-8: Date and depth of anoxic conditions in Little Squam Lake water quality testing sites. 

SITE DATE DEPTH (m) 
TEMP 
(C)  

DO 
(mg/L) 

Station Max 
Depth (m) 

Little Squam West 9/24/2010 16.0 8.2 0.65 21.9 

Little Squam West 8/15/2017 19.329 6.946 0.97 21.9 

Little Squam West 8/16/2018 18.865 5.605 0.98 21.9 

 

3.1.7 Cyanobacteria 

Cyanobacteria are actually a group of bacteria that are closely related to algae; however, they are not 
considered algae. They are the only group of bacteria that photosynthesize, or use light and carbon dioxide to 
create their own food the same way that plants do. Different types of cyanobacteria may be green, blue, red, or 
brown, but the one thing they have in common is their tendency to float on the surface in a layer that is often 
ŘŜǎŎǊƛōŜŘ ŀǎ άƻƛƭȅέ ƻǊ άǎŎǳƳƳȅέ ƭƻƻƪƛƴƎΦ 
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! άōƭƻƻƳέ ƛǎ ŀ ƎŜƴŜǊƛŎ ǘŜǊƳ ǳǎŜŘ for rapidly reproducing colonies of bacteria or algae in bodies of water. These 
blooms tend to occur in bodies of water that have received a high input of nutrients, either by being disturbed 
from a sediment bed where it previously laid dormant, or from some external input of nutrients, such as from 
fertilizer runoff. 

In September 2017, a sample from Squam contained at least two types of the bacteria Anabaena and 
Aphanocapsa. It was a small, isolated event that did not cause any known incidents or issues for those on the 
lake. In October 2018, a cyanobacteria bloom was reported on White Oak Pond. The bloom cleared within 
several days. 

3.2 Buildout analysis 

The build-out analysis for the Squam Lakes Watershed area provides estimates about the potential for new 
development, including the amount of land area in the watershed that could be developed and the number of 
new buildings, based on current zoning standards. The build-out also presents information about where the 
development has the potential to occur. The build-out analysis provides a full build-out scenario based on 
current zoning standards, and should be viewed as an estimate only. It is a planning tool that communities can 
utilize for guiding future land use activities in the watershed as well as for exploring conservation actions. The 
greatest amount of existing development is concentrated around the western and southern shores of Squam 
Lake and around the shores of Little Squam Lake. Large portions of the watershed  are in permanent 
conservation. Nearly 13,000 acres of land in the study area (46%) are constrained in some manner. The build-out 
analysis shows that there is room for potential development in each of the five communities, the amount 
depends upon the land available in the community and the applicable restrictions. For the entire study area the 
analysis estimates that 5,175 new buildings could be added in the watershed. Projections as to when build-out 
levels are reached can vary based on several factors, some of which are subject to decisions made by 
landowners and towns, including the amount of land available for development, the local zoning regulations, 
and the rate at which development occurs. The projected time frame for full build-out for the entire watershed 
is 2148. 

The full buildout analysis, including all maps and figures, is available on the SLA website (squamlakes.org). 

3.3 Watershed Modeling  

The LLRM is a spreadsheet-based tool that estimates the water and phosphorus loading budget for the lakes and 
their tributaries. Water and phosphorus loads (in the form of mass and concentration) are traced from various 
sources in the watershed, through tributary basins, and into the lake. The model incorporates data about land 
cover, watershed boundaries, point sources, septic systems, waterfowl, rainfall, and internal phosphorus 
loading, combined with many coefficients and equations from scientific literature on lakes and nutrient cycling. 
The outcome of this model can be used to identify current and future pollution sources, estimate pollution limits 
and water quality goals, and guide watershed improvement projects. Squam and Little Squam lakes were 
modeled separately. 

3.3.1 Watershed and Sub-basin Delineation 

Both Squam and Little Squam lake watersheds were broken out into sub-basins. The U.S. Geological Society 
StreamStats was used to delineate 17 sub-basins in the Squam Lake Watershed and 7 in the Little Squam Lake 
Watershed. All other land areas were considered direct shoreline input to the lakes.  
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3.3.2 Land Cover Update 

Land cover is the primary input to the LLRM since it determines the quantity and quality of water that flows into 
the Squam Lakes. The LLRM uses water and phosphorus loading coefficients for different land cover types to 
estimate how much water and phosphorus reaches the Squam Lakes. Providing an adequate representation of 
current land cover contributes to a more accurate model. The 2001 New Hampshire Land Cover Assessment 
(NHLCA) from NH GRANIT was used as a starting point for determining current land cover in the Squam Lakes 
Watershed.  Land cover types from the NHLCA from 2001 were translated to the land cover types used by the 
LLRM. Using Google Earth satellite images from 6/2/2018, as well as local knowledge and ground-truthing in the 
field, major land cover changes were noted and changed within the working land cover file. The following 
assumptions were made during the land cover correction process:  

¶ Forest 3: Mixed was the default category for any land determined to be forest. 

¶ Athletic fields and cemeteries were labeled as Urban 5: Open Space. 

¶ Residential lawns were labeled as Urban 1: Low Density Residential. 

¶ Unpaved roads from the NHDOT roads layer from NH GRANIT were labeled as Other 2: Unpaved Roads.  

¶ Wetlands from the National Wetlands Inventory were labeled as Forest 4: Wetlands. 

Final land cover data is shown in Figure 3-7. 

 

Figure 3-7: Land cover in the Squam Lakes Watershed after correcting existing land cover files.  

 
















































