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Executive summary 
Together with the input from Eastman Community Association (ECA) staff and 
residents, the State of New Hampshire, the Regional Planning Commission, and other 
stakeholders, local knowledge of the watershed was coupled with previous studies, 
reports and available data to identify problems and look for possible pollution sources. 
The primary causes and sources of pollution identified fit into the following categories, 
listed in priority order of the positive impact possible from ECA staff and resident 
actions. 

1. Erosion 
2. De-icing chemicals 
3. Residential septic systems/water softeners 
4. Dust control chemicals 

To address these four causes and sources of pollution, long-term and short-time 
preliminary goals were defined, with measurable guideposts along the way. Eastman 
Lake, particularly the high public use areas, are the most critical areas to protect. 
Because so much of the surface water enters Eastman Lake through Mill Pond, this 
area is the most critical in terms of proactively addressing water quality issues. Erosion 
in Stony Brook is the most critical point source of water quality pollution in the 
watershed and provides the opportunity for the most important potential project-level 
activity. Several management measures throughout the watershed were identified to 
achieve pollutant load reductions. 

Eastman Lake is a natural treasure worth protecting. This watershed management plan 
provides a strategy and a prioritized plan for achieving watershed goals. It includes the 
state of the watershed, data analysis, recommended actions, and resources to support 
plan implementation. 
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Introduction 
The Eastman Community Association is a “sustainable, intergenerational, recreational, 
and residential community that offers an active, four-season lifestyle.” It is situated on 
3,600+ acres, with 53 miles of roadways, around Eastman Lake with more than 2,000 
private, subdivided lots. In line with the community values of collaboration, cooperation, 
integrity, respect, responsibility, shared commitment, and sustainability, the ECA seeks 
to preserve, protect, and enhance the water quality of Eastman Lake. Dwellings on the 
waterfront are supported by either public sewer or private septic systems. The public 
sewage is treated by the community’s unlined sewage lagoons downstream of the 
lake’s watershed. A network of roads encircles the lake. The roads are private, 
however, there is public access to a community boat launch for motorized and non-
motorized watercrafts. The community roads are four-season, sinuous, and occasionally 
steep. Every five years, the ECA replenishes beaches with the maximum amount of 
sand allowed by the state of New Hampshire. Members of the ECA have been 
monitoring water quality in partnership with the New Hampshire Department of 
Environmental Services Volunteer Lake Assessment Program for the past 30 years. 
Water quality in Eastman Lake has declined in recent years, particularly as it relates to 
conductivity. Currently, there are four key water quality areas that merit a non-point 
source pollution management strategy: conductivity/chloride, turbidity, dissolved 
oxygen, and phosphorus. 
 
Nonpoint source (NPS) pollution is often diffuse, complex, and can be expensive to 
address. However, action from a coalition of stakeholders can lead to the prioritization 
and implementation of approaches to address water quality problems. Watershed 
management planning is a key early step that stakeholders take to begin leveraging 
local, state and federal resources toward achieving the goal of protecting and restoring 
our waters. Plans and strategies must address water quality problems, and outcomes 
must be quantitatively measurable. There must be clear water quality goals to either 
restore impaired waters, or to meet long–term goals for high quality waters. The 
implementation schedule, evaluation, and monitoring must demonstrate meaningful 
progress and an ongoing commitment toward achieving the identified goals.  
 
The federal government, through the U.S. Environmental Protection Agency (EPA), is 
charged with providing resources to improve and protect the nation’s water quality. 
Toward this end, the Clean Water Act Section 604(b) Water Quality Planning Grants 
provide funding to implement regional comprehensive water quality management 
planning activities. Funds are used for water quality management planning, which 
includes determining the nature, extent and causes of water quality problems, and then 
developing appropriate strategies. The federal Clean Water Act funding is distributed to 
states, which in turn make awards to organizations. An updated Watershed 
Management Plan (WMP) for Eastman Lake is an important step toward preparing to 
compete for funding from the Clean Water Act Section 604(b) Water Quality Planning 
Grants, and ultimately protect and improve water quality in the watershed. To be eligible 
to receive Clean Water Act Section 319 funds, a WMP, at a minimum, must include the 
following elements: 
 



 
 2020 Eastman Lake Watershed Management Plan 8 | Page 

a. Identify causes and sources of pollution 
b. Estimate pollutant loading into the watershed and the 

expected load reductions 
c. Describe management measures that will achieve load reductions and targeted 

critical areas 
d. Estimate amounts of technical and financial assistance and the relevant 

authorities needed to implement the plan 
e. Develop an information/education component 
f. Develop a project schedule 
g. Describe the interim, measurable milestones 
h. Identify indicators to measure progress 
i. Develop a monitoring component 

 
These nine elements fit within the six steps in the watershed planning and 
implementation process as underlined below (adapted from Environmental Protection 
Agency, 2013). This document addresses steps 1-4. Ideally, this document will be 
continually updated as more information is gathered and conditions change, however, in 
the absence of continuous updating, it is recommended that a watershed management 
plan be re-evaluated every 5 years (Indiana Department of Environmental Management, 
2015). 

Steps in the Watershed Planning and Implementation Process 
 

1. Build partnerships 
a. Identify key stakeholders 
b. Identify issues of concern to be included in the watershed plan 
c. Set preliminary goals 
d. Conduct public outreach 

2. Characterize the Watershed 
a. Collect existing data and create a watershed inventory 
b. Analyze data 
c. Identify causes and sources of pollution that need to be controlled 

(element a) 
d. Identify data gaps and collect additional data if needed 
e. Quantify pollutant loads 

3. Finalize Goals and Identify Solutions 
a. Set overall goals and management objectives 
b. Develop indicators/targets 
c. Determine load reductions needed (element b) 
d. Identify critical areas 
e. Develop management measures to achieve goals (element c) 

4. Design and Implementation Program 
a. Develop an implementation schedule (element f) 
b. Develop interim milestones to track implementation of management 

measures (element g) 
c. Develop criteria to measure progress towards meeting watershed goals 

(element h) 
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d. Develop monitoring component (element i) 
e. Develop information/education component (element e) 
f. Develop evaluation process 
g. Identify technical and financial assistance needed to implement the plan 

(element d) 
h. Assign responsibility of reviewing and revising the plan 

5. Implement Watershed Plan 
a. Implement management strategies 
b. Conduct monitoring 
c. Conduct information/education activities 

6. Measure Progress and Make Adjustments 
a. Review, evaluate information 
b. Prepare annual workplans 
c. Report back to stakeholders and others 
d. Make adjustments to program 

 

THE EASTMAN LAKE WATERSHED 
 
Eastman Lake is located in Sullivan and Grafton counties, near Grantham, New 
Hampshire. The lake is approximately 1.75 mile in length and has 8 beaches and 2 
primary boat launches (among many other locations from which boats are launched). It 
has a maximum depth of approximately 30 feet, with an average depth of 9 feet. 
The 335-acre lake has a watershed area of 4,907 acres or about 8 square 
miles. The Lake is fed by several tributaries, the largest being Stony Brook, which 
passes through Mill Pond and over the Mill Pond dam before entering Eastman Lake 
(Figure 1). Mill Pond has a drainage area of 5.5 square miles, making up roughly 71% 
of the Eastman Lake watershed. Mill Pond plays a critical role in sediment filtration. 
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Figure 1. Eastman Lake watershed and Eastman Community Association boundaries. 
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The Eastman Lake watershed is fern-leaf shaped with a drainage area of 8 square 
miles. The climate of the watershed consists of four distinct seasons. Grantham, New 
Hampshire experiences comfortable summers and cold winters (Figure 2). The warmest 
month is July, with an average temperature of 79oF. The coldest month is January, with 
an average temperature of 27oF. Average monthly precipitation ranges from 2.45 inches 
in February up to 3.94 inches in July. The most snow falls during the one-month period 
centered around February 5th (weatherspark.com). The typical snowless period of the 
year lasts from May through October. November through April (average hourly wind 
speed is 5.2 miles per hour) in Grantham is windier than May through October (average 
hourly wind speed is 3.6 miles per hour). The length of the day in Grantham varies 
significantly over the course of the year. The shortest day has approximately 9 hours of 
daylight and the longest day has 15.5 hours of daylight. The growing season in 
Grantham typically lasts from around May through September.  
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Figure 2. Grantham, NH climate data. Charts in this figure come from www.city-
data.com for Grantham, NH, downloaded October 11, 2019. 

 

http://www.city-data.com/
http://www.city-data.com/
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The Eastman Lake watershed is predominantly forested (76.11%), according to the 
New Hampshire Department of Environmental Services Volunteer Lake Assessment 
Program Individual Lake Report for Eastman Lake (Table 1). The developed areas are 
predominately residential units along and around waterways and Interstate 89, which 
runs parallel to Stony Brook (the tributary making up 71% of the Eastman lake 
watershed) for the majority of Stony Brook’s traverse. Approximately 2.4% of the 
watershed is classified as impervious land. The average watershed slope is 12.8%. 
 
Table 1. Eastman Lake watershed land cover summary. 
 
 
Category % Cover 
Mixed Forest 37.64 
Deciduous Forest 25.34 
Evergreen Forest  13.13 
Open Water 7.93 
Developed-Open Space  5.02 
Developed- Low Intensity 4.45 
Woody Wetlands 3.00 
Pasture Hay 1.85 
Shrub-Scrub 1.01 
Emergent Wetlands 0.28 
Developed-Medium Intensity 0.22 
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Grassland/Herbaceous 0.07 
Barren Land 0.03 
Cultivated Crops 0.01 
Developed-High Intensity 0.00 

 
Eastman Lake Primary Subwatersheds 
The steep hillsides immediately to Eastman Lake’s east, southwest, and northwest 
result in multiple small, intermittent streams (Figure 3). These small, steep tributaries 
drain most of the primary transportation route (Road round the lake) within the Eastman 
Community. These small tributaries flow so little that it is difficult to collect clean 
samples most of the year, with the exception of spring snow melt and after heavy, 
sustained periods of rain. Although the quantity of water originating from these areas is 
relatively small, it encompasses an area where ECA management and ECA homeowner 
actions are amplified because of the existence of ECA-managed transportation routes, 
drainage ditches, and privately-owned homes with steep driveways, of which many also 
have aging septic systems. In short, ECA management and residents have a 
noteworthy ability to affect Eastman Lake water quality in these smallest tributaries both 
positively and negatively, yet these areas are the least likely to be monitored.  

Managing watershed actions where data are limited and the consequences of the 
actions by a few are unlikely to be observed by many results in there being little 
incentive to curtail one’s personal impact. For example, if a homeowner has a waterfront 
home with a steep driveway, the consequence of the over application of road salt is a 
miniscule decrease in lake water quality. The consequence of the under application of 
road salt is an unsafe situation that could result in a car crash costing thousands of 
dollars. Therefore, when considering the personal impact, the homeowner has an 
incentive to error on the side of too much salt. If this scenario is multiplied by hundreds 
of homes, those miniscule impacts become incrementally pronounced. This is an 
example of the Tragedy of the Commons, defined as a situation in which individual 
users of a shared-resource system act according to their own self-interest, resulting in 
behavior that is contrary to the common good of all users by depleting or spoiling the 
shared resource through their collective action. 

Aside from the small tributaries draining directly to Eastman Lake, there are four primary 
tributaries: Stony Brook, Stroing Brook, Northeast Brook, and Anderson Pond Brook. 
Stony Brook and Stroing Brook together make up 80% of the Eastman Lake watershed 
(Figure 3). 
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Figure 3. Primary Subwatersheds of Eastman Lake.  
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Stony Brook 
Stony Brook (Figure 4) has a drainage area of 5.68 square miles, of which 20.3% is 
classified as mixed deciduous and coniferous forest, 19.6% as coniferous forest, 8.4% 
as developed, and 3.7% as wetlands. Approximately 2.1% is classified as impervious 
land. Mean annual precipitation for the subwatershed is approximately 41.8 inches and 
the mean basin slope is 14.1%. Stony Brook makes up roughly 71% of the Eastman 
Lake watershed. 
 

 
  

(a) (b) 

Figure  SEQ Figure \* ARABIC 4. Stony Brook (a) at Frye Road and (b) at Robin Lane 
on July 8, 2019. 
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Stroing Brook 
Stroing Brook (Figure 5) has a drainage area of 0.69 square miles, of which 38.8% is 
classified as mixed deciduous and coniferous forest, 29.5% as coniferous forest, 6.8% 
as wetlands, and 4.5% as developed. Approximately 0.8% is classified as impervious 
land. Mean annual precipitation for the subwatershed is 40.9 inches and the mean basin 
slope is 13.1%. Stroing Brook makes up roughly 9% of the Eastman Lake watershed. 
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Northeast Brook 
Northeast Brook (Figure 6) has a drainage area of 0.18 square miles, of which 45.3% is 
classified as mixed deciduous and coniferous forest, 22.6 % as coniferous forest, 10.4% 
as developed, and 9.3% as wetlands. Approximately 0.9% of the subwatershed is 
classified as impervious land. Mean annual precipitation for the subwatershed is 40.7 
inches and the mean basin slope is 11.6%. Northeast Brook makes up roughly 2% of 
the Eastman Lake watershed. 
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Anderson Pond Brook 
Anderson Pond Brook (Figure 7) has a drainage area of 0.14 square miles, of which 
30.1% is classified as coniferous forest, 19.8% as mixed deciduous and coniferous 
forest, 18.4% as wetlands, and 14.0% as developed. Approximately 1.9% is classified 
as impervious land. Mean annual precipitation for the subwatershed is approximately 40 
inches and the mean basin slope is 7.9%. Anderson Pond Brook makes up roughly 2% 
of the Eastman Lake watershed.  
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Chapter 1: Build partnerships 

IDENTIFY KEY STAKEHOLDERS 
Eastman Community Association residents and guests, the State of New Hampshire, 
and the town of Grantham are the key stakeholders. Other stakeholders include public 
fisherman/boaters, property owners along the main tributaries, particularly along Stony 
Brook, within-watershed property owners, and those who appreciate the ecological 
value and beauty of Butternut Pond and the Enfield Wildlife Management Area.  

IDENTIFY ISSUES OF CONCERN TO BE INCLUDED IN THE WATERSHED 
PLAN 
Four key water quality areas, based on measured data and trends, have emerged that 
warrant monitoring and a management strategy: conductivity/chloride, turbidity, 
dissolved oxygen, and phosphorus. 
 
Conductivity/chloride, among other sources in the watershed, is an indication of road 
de-icing and humectant use on roadways to limit dust. Conductivity in Eastman Lake is 
high compared to the state median and is increasing broadly around the lake. The state 
median conductivity is 40 uS/cm, compared to 227 uS/cm in Eastman Lake. 
 
Turbidity is a measure of material suspended in a waterbody. Amplified by unstable 
banks in the primary tributary upstream of the Eastman community, sediment is moving 
into the Mill Pond/Eastman Lake system at a rate of greater than 7 NTU. Much of this 
sediment is retained in Mill Pond, but not all of it, indicated by occasionally high turbidity 
measurements. Fifteen out of 844 turbidity measurements in Eastman Lake from 1994-
2017 (1.8%) exceeded 10 NTU). However, no measurements (out of 72) since 
September 22, 2015 have exceeded 10 NTU. 
 
Dissolved oxygen is essential for the survival of fish and other aquatic organisms. 
Chronically low dissolved oxygen can be associated with high sedimentation and may 
lead to eutrophication. Eutrophication is defined as excessive richness of nutrients in a 
waterbody leading to a dense growth of plant life that starves the waterbody of the 
oxygen necessary to sustain the lives of aquatic organisms. In 2018, dissolved oxygen 
at the deep spot monitoring location reached 0 mg/L for the bottom 5 of the 13 meters of 
depth. 
 
Phosphorus is the key nutrient in still bodies of water. When there is too much 
phosphorus, it can speed up eutrophication, resulting in excessive aquatic plant life, 
algae growth and cyanobacteria. Phosphorus measurements, while often below the 
state median, are highly variable in Eastman Lake.  The state median for phosphorus is 
9.1 ug/L (New Hampshire Department of Environmental Services, 2009), compared to 
1.2 from 1994-2017 in lake/pond measurements in Eastman Lake. 
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SET PRELIMINARY GOALS 
The overarching goal of the Eastman Lake Watershed Master Plan is to maintain a 
healthy, sustainable ecosystem. To achieve this, short-term and long-term preliminary 
goals were defined by stakeholders. Stakeholder input was gathered from the Eastman 
Community Association staff and committees through three in-person meetings from 
May 2019-May 2020, and from other stakeholders at a planned outreach event the 
weekend of July 4th, 2020. 

Long-term preliminary goals include: 

1. All parameters listed in the New Hampshire Department of Environmental 
Services, Volunteer Lake Assessment Program Individual Lake Report, 
Waterbody Report Card table for Eastman Lake will reliably remain in the 
category of Very Good. 

2. Eastman Lake will reliably exceed all New Hampshire Water quality standards 
and have median values in the target range 

a. Chloride:  ≤230 mg/L (chronic) 
b. E. coli: ≤88 cts/100 mL – public beach 
c. E. coli: ≤406 cts/100 mL – surface waters 
d. Turbidity: ≤10 NTU above natural level 
e. Dissolved oxygen: ≥6 mg/L at any place or time, or 75% minimum 

daily average, unless naturally occurring 
f. pH: from 6.5 and 8.0 (unless naturally occurring) 
g. Median chlorophyll-a concentrations from 2.5 to 4.4 ug/L 
h. Median phosphorus concentrations from 7.0 to 10.0 ug/L 
i. Total phosphorus: unless naturally occurring, shall contain no phosphorus 

in such concentrations that would impair any existing or designated uses 
 
Short-term preliminary goals include: 

3. Reduce sedimentation in Mill Pond by 70 percent from 115 cubic feet per year to 
35 cubic feet per year 

4. New or Improved ECA standards will be solicited 
a. Forestry concerns in sensitive watershed areas 
b. Septic system installation and maintenance in sensitive/at risk watershed 

areas 
c. Water softener installation and maintenance in sensitive watershed areas 
d. Sand and salt application in sensitive watershed areas 

5. Monitoring plan will be enacted in-line with long-term modeling needs 
6. Data storage system will be implemented to manage and store watershed data 

CONDUCT PUBLIC OUTREACH 
The Eastman Community Association has many seasonal residents. To ensure the 
widest possible outreach, the Watershed Management Plan will be presented and 
discussed over the 4th of July 2020 holiday weekend at an ECA-hosted event. With food 
and other activities, the intent is to engage the widest possible audience of stakeholders 
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to share the plan and the actions it recommends. Prior to this public event, ECA 
committees will be incorporating recommendations into annual budgets and engaging 
stakeholders through established channels.   
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Chapter 2: Characterize the watershed 

COLLECT EXISTING DATA AND CREATE A WATERSHED INVENTORY 
The data sources used for the development of the 2019 Eastman Lake Watershed 
Management Plan include: 

1. New Hampshire Department of Environmental Services, Environmental 
Monitoring Database 
(https://www.des.nh.gov/organization/divisions/water/wmb/emd/index.htm) 

a. Water quality data 
b. Biological data 
c. Volunteer Lake Assessment Program Individual Lake Reports 

2. U.S. Geological Survey NWIS Database (https://waterdata.usgs.gov/nwis) 
a. Nearby streamgage data 

3. U.S. Geological Survey, The National Map 
(https://viewer.nationalmap.gov/advanced-viewer/) 

a. Digital elevation models 
b. Political boundaries 
c. Topographic maps 

4. U.S. Geological Survey StreamStats (https://streamstats.usgs.gov/ss/) 
a. Watershed delineation 
b. Watershed statistics 

5. National Oceanic and Atmospheric Association OneStop 
(https://data.noaa.gov/onestop/) 

a. Climate Data Record 
6. Natural Resources Conservation Service, Web Soil Survey 

(https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx) 
a. Maps and statistics on local soils and geology 

7. New Hampshire Granit (http://www.granit.unh.edu/) 
a. Imagery 
b. Cultural and demographic data 
c. Land use 
d. Roads 

8. Cold Regions Research and Engineering Laboratory, Vehicle Mobility in 
Wetlands project, with Principal Investigator Sally Shoop 
(Sally.A.Shoop@erdc.dren.mil) 

a. Local weather station data 
9. Towns of Grantham and Enfield, local parcel databases 

a. Property card data for parcels 
10. Eastman Community Association 

a. Consultant reports 
b. Internal salt and dust suppressant records 
c. Driveway permits 
d. Qualitative conductivity data for multiple sites during the 2019 summer 
e. Various ECA committee documents 

https://www.des.nh.gov/organization/divisions/water/wmb/emd/index.htm
https://waterdata.usgs.gov/nwis
https://viewer.nationalmap.gov/advanced-viewer/
https://streamstats.usgs.gov/ss/
https://data.noaa.gov/onestop/
https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
http://www.granit.unh.edu/
mailto:Sally.A.Shoop@erdc.dren.mil
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f. ECA-managed roads and Village District of Eastman-managed sewer 
lines 

11. Literature Review 
a. UPVLSRPC: Eastman Lake Watershed Management Plan 2009 
b. 2016 Base Flow LLC: Messer Pond Watershed Based Implementation 

Plan 
c. NH DOT Road Salt Fact Sheet 

 
New Hampshire Department of Environmental Services, Environmental 
Monitoring Database 
The Eastman Community Association has cooperated with the State of New Hampshire, 
Department of Environmental Services, Watershed Management Bureau, and Volunteer 
Lake Assessment Program (VLAP) to collect and store biological, water quality, and 
hydraulic data for over 30 years. Approximately 8,650 sample measurements at 67 sites 
dating back to 1987 are recorded in the state’s database from within the Eastman Lake 
watershed. Although other biological, water quality, and hydraulic data have been 
collected in the brooks, ponds and Eastman Lake over the years, the metadata 
necessary to ensure data reliability is often absent. For this reason, state and federal 
databases are the most reliable sources of data. Although data entry into federal 
databases, such as the U.S. Geological Survey’s National Water Information System, is 
limited to federal agency employees, the state of New Hampshire allows individuals to 
upload data if certain information is documented. 
 
In particular, outside users can submit continuous monitoring data to the New 
Hampshire Department of Environmental Services (NHDES) for inclusion in the 
Environmental Monitoring Database (EMD) by using this form: 
https://onlineforms.nh.gov/?FormTag=NHDES-W-07-018.  
 
The two most important pieces of required information are the data coordinates and 
station descriptions. Examples of other required items include the parameters 
measured, units, date/time of sampling activities, and date/time when loggers were 
installed and retrieved. New Hampshire DES is happy to help format data/answer any 
questions. There are many benefits to submitting data to the EMD, including data 
backup, availability to the public, the potential use of the data in waterbody 
assessments, and the potential use of the data by staff for permits/studies. As of 
October 7, 2019, the state’s point of contact for Eastman Lake is Melanie Cofrin (Data 
Management & Clean Vessel Act Program with NH DES, Watershed Management 
Bureau, (603) 271-8803, Melanie.Cofrin@des.nh.gov). 
 
U.S. Geological Survey National Water Information System Database 
There are no U.S. Geological streamgages in the Eastman Lake watershed. There are 
streamgages in Franklin Junction, Tilton, and Bristol. Real-time data at these nearby 
stations was used to contextualize the qualitative conductivity measurements made 
weekly in the Eastman Lake watershed during the summer of 2019. 
 

https://onlineforms.nh.gov/?FormTag=NHDES-W-07-018
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U.S. Geological Survey, The National Map 
The U.S. Geological Survey National Map provided digital elevation models to delineate 
sub-watersheds and compute watershed slope, topographic maps and political 
boundaries for visualization, networks of hydrologic features for mapping, and land 
use/land cover data for pollutant load modeling. 
 
U.S. Geological Survey StreamStats 
New Hampshire StreamStats is an online application developed by the U.S. Geological 
Survey that allows users to select any location in the state and have the watershed 
delineated. Once delineated, the application computes land use/land cover statistics, 
and a variety of other hydrologic parameters such as area of impervious surface.  
 
National Oceanic and Atmospheric Association OneStop 
Climate data, particularly daily precipitation records, were used to evaluate the timing of 
road salt and dust suppressant applications and to contextualize the qualitative 
conductivity measurements made in the Eastman Lake watershed during the summer of 
2019. 
 
Natural Resources Conservation Service, Web Soil Survey 
The Natural Resource Conservation Service, Web Soil Survey has geospatial tools to 
evaluate and summarize statistics on the land surface and geology of an area. The Web 
Soil Survey was used to produce basin statistics, evaluate infiltration capacity, and look 
for areas suitable for alternative land use types that could affect Eastman Lake. 
 
New Hampshire Granit 
New Hampshire Granit is the statewide GIS clearinghouse. NH GRANIT offers an array 
of geospatial services not easily accessible on the previously mentioned sites. Imagery 
available on the site was used for visualization, cultural/demographic, land use, and 
roads data were used for pollutant load modeling. 

Cold Regions Research and Engineering Laboratory, Vehicle Mobility in Wetlands 
project 
Eastman Community residents identified a weather station along Stony Brook. The 
weather station is in an excellent location for estimating precipitation throughout the 
Eastman Lake watershed. The project participants were contacted and shared the 
hourly precipitation, temperature, and windspeed data. The precipitation data were used 
to contextualize the qualitative conductivity measurements made during the summer of 
2019. The station will be discontinued in fall 2019, so an alternative station will be 
needed for future studies. 
 
Towns of Grantham and Enfield, local parcel databases 
The towns of Grantham and Enfield produce parcel maps where each parcel is 
associated with a property card. Each property card includes the age and size of any 
home on the parcel. These data, along with ECA maps of sewer lines, provide a 
baseline for evaluating the role of septic systems on Eastman Lake water quality. 
 

https://streamstats.usgs.gov/ss/
https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
http://www.granit.unh.edu/
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Eastman Community Association and Village District of Eastman 
The Eastman Community Association and the Village District of Eastman provided 
information from homeowners on items such as driveways (paved or unpaved), 
transportation routes (paved or unpaved), the location and quantity of deicing and dust-
suppressants applied to transportation surfaces, locations of tributaries, locations of 
sewer lines, and other project-specific data. 
 

DATA ANALYSIS 
Data from the sources indicated in the previous section, as well as data collected by 
Eastman residents, was compiled into a geographic information system (spatial data) 
and a series of spreadsheets (tabular data). The geodatabase and spreadsheets will be 
archived and their distribution and updating will be managed by ECA staff. The point 
person for the data is the ECA Chief Maintenance Office, Michael Gornnert.  
 
Data analysis was compartmentalized into four categories: erosion, de-icing chemicals, 
residential septic systems/water softeners, and dust control chemicals. Discussion of 
each of these categories is included in the following sections of Chapter 2. 
 

IDENTIFY CAUSES AND SOURCES OF POLLUTION 
Together with the input from ECA staff and residents, the State of New Hampshire, the 
Regional Planning Commission, and other stakeholders, local knowledge of the 
watershed was coupled with previous studies, (Pike Hydro (2018), Dubois & King 
(2016) and (2017)), reports (Eastman Community Association (2009), (2012), (2017), 
(n.d.), (2019), and Upper Valley Lake Sunapee Regional Planning Commission (2009)), 
and available data to identify problems and look for possible pollution sources. The 
primary causes and sources of pollution identified fit into the following categories, listed 
in order of the positive impact possible from ECA staff and resident actions. In other 
words, the priority order was established based upon a numeric analysis of the 
estimated pollutant loads attributable to pollutant sources in the watershed, the pollutant 
load reduction that would result from the proposed action, and the in-lake water quality 
that would result from implementing the action. 

Priorities 
1. Erosion - Stream restoration and stabilization along Stony Brook is estimated to 

prevent 80 cubic feet of excess sedimentation (annually) from entering Mill Pond.  
2. De-icing chemicals – Annually, the Eastman Community Association applies 

around 2.8 tons of salt to roadways. This is in addition to salt application on local 
roads, the highway, the interstate, and on private driveways. Estimates of salt 
application on driveways within the Eastman Community Association range from 
336-1,512 pounds of salt annually. Education, outreach, and contractor 
standards has the potential to reduce salt application by 25%, reducing pollutant 
loading to between 252 and 1,134 pounds of salt per year. 
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3. Residential septic systems/water softeners – Over 50 percent of the 484 septic 
systems within the Eastman Lake watershed boundary and within the Eastman 
Community Association are over 20 years old. Many of these border Eastman 
Lake and its tributaries. These older systems may not adequately treat the waste 
they receive. Additionally, using the 2 percent average failure rate for Merrimack 
County, the default value used in the STEPL model, approximately 10 septic 
systems within the watershed and within the Eastman Community Association 
have failed. Identifying failed and failing systems can prevent an estimated 
65/gallons/person/day of untreated wastewater from entering Eastman Lake. 
Assuming 3 people per home in 10 homes with failed systems results in 712,000 
gallons of untreated wastewater per year 

4. Dust control chemicals – The Eastman Community Association purchases 
approximately 36,000 gallons of 35% CaCl2 solution annually. Reducing speeds 
and altering the road surface has the potential to eliminate the need for dust 
control chemicals. 

Before diving into these four categories, it is important to establish context for the 
priority order identified. A great tool for quickly evaluating the health of a NH waterbody 
is the New Hampshire Division of Environmental Services Waterbody Report Card 
(VRAP), published annually. The same report template is used for 175 individual lake 
reports, including 44 in the Dartmouth Lake Sunapee Region. The VRAP reports 
provide a screening level tool that does a nice job of identifying current and past 
problems. However, they do not evaluate the causes of problems or how a system 
might respond to a potential corrective action. Individual lake reports for Eastman Lake 
are available from 2006-2017 at: 

https://www.des.nh.gov/organization/divisions/water/wmb/vlap/annual_reports/.  

The report card includes observations and recommendations based on historical data 
analysis and trends. The 2017 report, which is the most recent report available, notes 
the following key observations for Eastman Lake: 

● Chlorophyll-a: Historical trend analysis indicates significantly decreasing 
(improving) chlorophyll levels since monitoring began 

● Conductivity/Chloride: Deep spot conductivity levels remained elevated and 
much greater than the state median. Historical trend analysis indicates 
significantly increasing (worsening) epilimnetic (upper water layer) conductivity 
levels since monitoring began. Outlet, Northeast Brook, Stony Brook, Stony 
Brook at Robin Lane, and Stroing Brook conductivity levels were elevated 
particularly in August during low flow conditions indicating groundwater 
influences 

● E. coli: All beach E. coli levels were very low. 
● Total Phosphorus: Historical trend analysis indicates highly variable epilimnetic 

phosphorus levels since monitoring began. 

https://www.des.nh.gov/organization/divisions/water/wmb/vlap/annual_reports/
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● Transparency: Average transparency measured with the viewscope remained 
higher (better) than the stated median. Historical trend analysis indicates 
relatively stable transparence with moderate variability between years. 

● pH: Epilimnetic, Outlet and Stony Brook pH levels were within the desirable 
range 6.5-8.0 units. However, historical trend analysis indicates significantly 
decreasing (worsening) epilimnetic pH since monitoring began. 

Based on the key observations above, the 2017 report cord provided the following 
recommendations:  

● Continue to implement stormwater best practices and installing stormwater 
controls 

● Continue spring chloride monitoring and efforts to reduce chloride loads to 
tributaries and the pond 

Interpreting the report card conclusions from 2006-2017, Eastman Lake has periodically 
elevated levels of algae that have been improving through time, the drought during this 
period and erosion control practices between 2006 and 2017 have improved water 
clarity, and increases in conductivity and chloride are of growing concern, the exact 
sources of which remain unknown. 

Erosion 
Fluvial erosion is the water-based transport of soil, sediment and rock fragments 
produced by the weathering of geological features. Sedimentation occurs when eroded 
material settles out of the water column. Fine sediment suspended in the water column 
is called turbidity and reduces the penetration of light through the water column. 

This category is explored extensively in the 2018 Mill Pond Sedimentation and Water 
Quality Assessment report. In that study, the authors surveyed the Mill Pond tributaries 
by boat and foot to identify erosion potential. Additionally, the authors surveyed each of 
the named tributaries to a distance of a quarter mile from Eastman Lake. More than 
70% of the Eastman Lake Watershed is within the Mill Pond sub-watershed (Figure 8). 
The 2018 Mill Pond report identified key locations both outside and within the ECA 
boundaries for erosion control. The Eastman Community Association maintenance staff 
and the volunteer youth conservation corps addressed each of the report’s site-specific, 
one-time, project-type recommendations within the ECA boundaries during the summer 
of 2019. Ongoing maintenance of erosion control features within the ECA boundaries is 
an ever-present need. A benefit of the active residents who enjoy being out on the water 
is that indicators of erosion and lake sedimentation, evidenced by muddy water, are 
often observed in real-time. The remainder of this sub-section is an excerpt with minor 
modifications from the Mill Pond report, also written by the project manager of this 
watershed management plan. 
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Figure 8. Mill Pond in relation to Eastman Lake. 
 
 
Using available historical satellite imagery and field measurements, the Mill Pond 
Sedimentation study estimated the average annual sedimentation rate in Mill Pond from 
2008-2017. Imagery adequate for this task included images from 2003, 2008, 2009, 
2011, 2014, 2015, 2016 and 2017. Field measurements were made on May 7, 2018 to 
roughly calibrate the measurements made from the aerial imagery. For each aerial 
image, image processing filters in a Geographical Information System (GIS) were used 
to identify the areal extent of the sediment plume near the water surface in Mill Pond. 

Eastma Mill Pond 
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The measured sediment plume area for each image then was digitized and converted 
into a sediment volume. The sediment plume area measurements using this technique 
are imprecise, but represent an appropriate historical approximation of the Mill Pond 
sediment plume area change over time. Figure 9 shows the sediment plume area 
measurements and the corresponding regression used to forecast the sediment plume 
area. Dredging of Mill Pond was last completed in 2007. Approximately 3,700 cubic feet 
of sediment was removed. Images from 2003 (Figure 10) and 2008 (Figure 11) show 
the effect of the 2007 dredging. 
 

 
Figure 9. Mill Pond sediment plume area measurements, 2008-2017. 
 
 
 

Figure 10. Mill Pond in 2003, prior to dredging in 2007. 
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Figure 11. Mill Pond in 2008, after dredging in 2007. 

 

 
 
The study forecasted sediment area growth using linear regression, shown in Figure 12. 
However, sediment plumes do not grow in a linear manner each year. More accurately, 
sediment moves disproportionally more during heavy storms when soil is unprotected 
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from erosion. A large rainstorm in August, when vegetation supports the sediment in 
place can produce significantly less sediment than a much smaller rainstorm in late 
April. In general, sediment production in a watershed is a function of the land use, soil 
type, slope, and the timing and magnitude of the rainstorms. Mill Pond soil and slope 
has not changed in the past 20 years. The timing and magnitude of storms in the 
watershed are affected by the regional climate, which this effort did not evaluate, but 
likely has not changed significantly in the past 20 years. Land use across the Mill Pond 
watershed does not seem to have changed greatly, however local land use changes at 
key locations in the watershed can have enormous ramifications. 
 
If the Eastman Community Association were to dredge Mill Pond when the sediment 
area were to reach the same extent shown in the 2003 image in Figure 10, dredging will 
be needed approximately every 30-35 years. Consequently, the volume to remove 
(3,700 cubic feet) would be similar to the volume removed in 2007. Adjusting for 3 
percent inflation, the Eastman Community Association would have to budget $11,000 
per year, every year, to cover the projected engineering, silt removal/placement, and 
construction management costs associated with dredging Mill Pond. The opinion of 
probable cost to dredge 3,700 cubic feet in 2040 is $355,000. Finally, the analysis 
suggests an average annual sedimentation rate of approximately 115 cubic feet. This 
rate is an estimate, and at least two Mill Pond waterfront residents believe this estimate 
to be lower than what they have observed since dredging in 2008 based on their 
boating and swimming activities. 
 

Figure 12. Mill Pond sediment plume area forecast. 

 

 
 
Of the watershed not managed by the ECA, the hayfield on the right descending bank of 
Stony Brook, noted with a red arrow in Figure 13, is the largest source of sediment to 
Mill Pond. The 1,020 feet of bank at this location show active signs of sloughing and 
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scour (Figure 14). The sloughing and scour will continue until the Stony Brook slopes 
are stabilized. The streambank susceptible to erosion is 1,020 feet in length. Based on 
a volumetric calculation of exposed, erodible soil, the author estimates that streambank 
restoration and stabilization along Stony Brook, with its length, soil type, watershed 
slope, sinuosity and streamflow, has the potential to prevent approximately 80 cubic feet 
per year compared to the existing condition. Without intervention, this volume of soil will 
accumulate in Mill Pond until Mill Pond no longer acts as a filter, at which point this 
sediment will pass over the Mill Pond Dam into Eastman Lake. No action taken by the 
Eastman Community Association at any other location can have a fraction of the impact 
on reducing sedimentation as stream restoration and channel stabilization along the 
hayfield. Other sources of excess sedimentation into Eastman Lake are either from 
small intermittent streams with minimal impact, or from ditches that have previously 
been engineered to reduce sediment using vegetated ditches, stone-lined ditches, 
check dams, and engineered stone retention basins.  
 
 

 
Figure 13. Mill Pond significant sediment source area. 
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Figure 14. Sloughing banks along Stony Brook at the hayfield. 
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Stream restoration and slope stabilization along this hayfield would substantially slow 
the sediment accumulation rate in Mill Pond. Excessive sedimentation alters the 
ecosystem. Native species adapted to cold, clear water may be pushed out. Sediment is 
also a primary means of transporting nutrients, so an oversupply of sediment may result 
in an oversupply of nutrients. Unmitigated excessive sedimentation into Mill Pond will 
eventually turn Mill Pond into a wetland without the capacity to trap the excessive 
sediment before it enters Eastman Lake. In short, Mill Pond acts as a water filter for 
Eastman Lake, and if the water filter is full of sediment, it has no capacity to filter the 
water. In fact, if Mill Pond were to fill with sediment, it would likely be a source of 
Eastman Lake sediment during large storm events instead of a filter. Streambank 
stabilization is a preventative measure, whereas dredging is a very expensive 
reactionary measure.  
 

De-Icing Chemicals 
The Eastman Lake watershed climate requires winter snow/ice management and 
removal to keep transportation surfaces safe. Depending on the type of transportation 
surface, this is done by the New Hampshire Department of Transportation, the towns of 
Grantham and Enfield, or private snow removal companies. To effectively remove snow 
and ice from driveways, parking lots, roads and interstates, a de-icing chemical, sodium 
chloride, is applied. This chemical is inexpensive and abundant, ranging from $50-$60 
per ton according to the 2016 New Hampshire Department of Environmental Services 
Environmental Fact Sheet WD-WMB-4. 

The chemical reaction occurring between sodium chloride and snow/ice results from 
osmotic forces as the salt crystals pull water molecules out of the ice. This creates a 
brine, which aids in the melting process. This process is temperature dependent and 
becomes largely ineffective when temperatures fall below 15°F. Regardless of the 
quantity of salt applied to the road, it will not result in significant snow or ice melt below 
15°F. Thus, current and expected weather and temperature forecasts are critical factors 
in determining salt application frequency and quantity.  

Dissolved salts contain approximately 60% chloride (Cl-) and 40% sodium (Na+) ions. 
Chloride, a highly soluble, mobile, and dense ion moves quickly through soils and 
waterbodies. Aquatic life cannot withstand chloride levels greater than 230 mg/l, which 
is the state limit for New Hampshire. Chlorides cannot be broken down, metabolized, or 
taken up by vegetation or aquatic life. The movement of sodium ions through soils and 
waterbodies occurs at a different rate than that for chloride due to differing ion exchange 
rates. Through ion exchange, sodium is absorbed into the soil particle, and nutrients 
such as calcium, magnesium, and potassium are released into groundwater and surface 
water. De-icing materials also contains additives such as ferrocyanide, a toxic pollutant 
that acts to prevent caking in salt supplies. 

A 2008 survey found that 19 New Hampshire waterbodies were impaired by chloride 
and that in 8 years, the number increased to 46 (New Hampshire Department of 
Environmental Services, 2016). A separate study found that the United States applied 
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an average of 23 million tons of salts to roads, parking lots, driveways, and sidewalks 
annually, from the years of 2005-2009 (U.S. Geological Survey, 2010). Chloride-
impaired watersheds are becoming more common in New England. In southern New 
Hampshire, four chloride impaired watersheds exist in the I-93 corridor. In this region of 
the state, road salt sources were identified as 10-15% from state roads, 30-35% from 
municipal roads, and 40-45% from private roads and driveways (New Hampshire 
Department of Environmental Services: Environmental Fact Sheet, 2016).  

The Eastman Lake watershed is less developed than a typical watershed in southern 
New Hampshire, so it is unclear if this ratio would hold true in the Eastman Lake region. 
However, the general insight that 40-45% of the salts may be coming from private roads 
and driveways highlights the role of individuals and community associations. In 
summary, de-icing chemicals are sources of pollution that are applied on nearly all 
transportation surfaces prior to anticipated winter storm events in the region. With the 
hilly geography and rural nature of the region, safe driving conditions necessitate the 
application of de-icing chemicals. Finding the right balance of type and quantity of 
chemicals is the key to protecting people, property, and the environment. 

Residential septic systems/water softeners 
A small portion of the Eastman Community is served by a public sewer system. The 
sewage is treated in the community’s unlined sewage lagoons located outside of 
Eastman Lake’s watershed. There are approximately 835 buildings within the Eastman 
Community Association that are not connected to the public sewer and are served by 
private septic systems (Eastman Ad Hoc Septic Committee, 2009). 

A septic system is an underground wastewater treatment system. Water from showers, 
sinks, and toilets drains by gravity through drainpipes into the septic system. The septic 
system itself has two main parts, the tank and the drainfield. The water enters the tank 
and the solids naturally separate by density. Heavier solids sink while greases and oils 
float. Bacteria live in the tank and work to break down the solids. The middle portion is a 
layer of partially clarified wastewater, which is eventually routed to a drainfield that 
distributes the wastewater in a defined area. Over time, the tank fills with solids the 
bacteria cannot break down therefore requiring the tank to be pumped. Likewise, over 
time, the leach field plugs up and the ability of the soil to absorb the wastewater is 
compromised. The septic system concept is simple, but the efficacy can be difficult to 
judge because the process is occurring underground.  

The ongoing maintenance and replacement of private septic systems is the 
responsibility of homeowners, yet nearly all homeowners are untrained in identifying 
signs for concern. The functionality of a septic system can be jeopardized via irregular 
usage, improper treatment, and/or old age. Faulty or aging septic systems can pose a 
risk for water pollution as inadequately treated wastewater can leach into waterbodies. 
Wastewater from septic tanks contains chemicals that when introduced a waterbody, 
can contribute to elevated levels of conductivity and chloride. 
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Water softeners solve and provide a different problem. Hard water builds up inside 
plumbing pipes and causes corrosion. It is observed most directly by homeowners and 
residents when it requires more soap in the shower and leaves hard-to-clean soap 
scum on tub or shower surfaces. A water softener addresses these issues by removing 
calcium, magnesium, and other metal cations. The downside of most water softeners 
(salt-based ion-exchange water softeners) is that they add chloride, which goes through 
the septic system and leaches into the groundwater from the leach field. For homes 
near a waterbody, the softened water provides a long-term slow release of chloride. 
Many of the homes directly on Eastman Lake and its tributaries have septic systems, 
some of which are old and have never been evaluated for effectiveness since the day 
they were installed. 

According to Overbo and Heger (2019), older water softeners that regenerate based on 
timers are less efficient and use approximately 50% more salt than newer models that 
regenerate based on water use. Additionally, a separate study examined chloride 
loading from water softeners and observed chloride loading reductions of 27% and 47% 
in sewersheds where water softeners were optimized and replaced with high-efficiency 
units, respectively (Lake et al. 2015). With aging homes in critical areas, consideration 
of the type and optimization of water softeners is warranted. 

 

Dust control chemicals 
Dust management is an important service within the Eastman Community Association. 
Most of the roads within the community are gravel, and without treatment would 
contribute large amounts of dust to the air, making walking on roads an unpleasant 
experience. Thus, once a year, ECA staff treats the gravel roads with liquid calcium 
chloride to help the gravel roads retain moisture and prevent dust pollution. Within the 
community, there are around 40 miles of gravel roads, plus several gravel parking lots, 
therefore resulting in nearly 30,000 gallons of CaCl2 sprayed onto the roads. If this rate 
of application has remained similar for the past 25 years, over 750,000 gallons of CaCl2 
has been applied to ECA-managed gravel roads. The substance is called CaCl2 35%, 
which is a water-soluble compound that contains salts. Calcium chloride has 
hygroscopic properties, meaning it draws moisture from the air and keeps the road 
surface constantly damp. The ECA staff apply CaCl2 35% at a rate of 750 gallons per 1 
mile of two-lane road on an annual basis.   

While hygroscopic salts, like calcium chloride, are effective at attracting moisture, the 
salt is corrosive to metal vehicle parts, can kill vegetation, leaches into the groundwater, 
and enters waterbodies via stormwater run-off. Some potential environmental 
impairments related to the application of CaCl2 35% include excessive chloride loading 
and heavy metal contamination in groundwater, and increased soil permeability 
(Occidental Chemical Corporation, n.d.). Stormwater runoff and groundwater carrying 
CaCl2 into Eastman Lake is a contributor to the lake’s elevated levels of conductivity 
and chloride. 



 
 2020 Eastman Lake Watershed Management Plan 39 | Page 

IDENTIFY DATA GAPS AND COLLECT ADDITIONAL DATA IF NEEDED 
Data gaps 
Monitoring data and hydraulically-driven models  
The Eastman Community Association has been collecting water quality data for over 30 
years. The trends for multiple parameters indicate worsening water quality in the lake. 
The data collected to-date only include discrete data. Pollutant load modeling in similar 
watersheds is often modeled with the Environmental Protection Agency’s Spreadsheet 
Tool for Estimating Pollutant Loads (STEPL). This model estimates changes to pollutant 
loads by altering management practices and changing land use. The potential 
management practices will be different depending on the source pathway of the 
pollutant. For example, if surface runoff in a month were to contribute 90% of the 
chloride in a stream for the month, the management action would be centered around 
addressing surface runoff. On the other hand, if 90% of the chloride reaches the stream 
via groundwater, management actions on the surface pathway will have little impact. As 
part of the watershed management plan, a STEPL model was implemented. The 
parameterization limitations in this simplified model resulted in outcomes without 
quantitative significance. STEPL, for example, does not have a parameter for 
streambank stabilization, and attempts to mimic the effect of streambank stabilization by 
choosing an available parameter were unreliable. A hydraulically-driven model rather 
than a land-cover driven model, such as STEPL, would decrease the large uncertainty 
bounds when simulating sediment and nutrient transport. Because such a high 
proportion of the watershed is forested and/or unaffected by human management 
decisions, a land-cover based model such as STEPL simply does not have the “knobs” 
to turn to simulate the types of management actions under consideration and their 
consequences.  

Currently, the source pathway, particularly for conductivity, is unknown. To fill this gap, 
a streamgage is needed on Stony Brook to continuously monitor water depth, 
temperature and conductivity. Streamgages and discharge curves were developed for a 
trophic survey published in 1995 (F. X. Browne, Inc. 1995). Although dated, this 
information can supplement current, and continuously-measured water depth, 
temperature and conductivity. 

Water depth is needed to estimate streamflow. To estimate streamflow from water 
depth, the instrument is deployed in a location with a fixed cross section of known area. 
For different water depths, the velocity is measured across the channel. The stream 
cross sectional area and the average velocity for various depths allows the production 
of a rating curve, which is turn can be used to estimate flow (discharge) for a range of 
water depths. Water temperature for surface water is distinct from groundwater. By 
using a technique called baseflow separation on the discharge data and then validating 
the approach using temperature data, it is possible to compute the percentage of flow 
from groundwater versus surface water runoff. With a continuous record of flow and an 
understanding of the source pathways, more complex pollutant loading models can be 
applied to the watershed.  
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Adding continuously-measured conductivity measurements to a continuous record of 
discharge, and an understanding of the role of groundwater, provides the necessary 
input parameters for a calibrated basin-scale water quality model upon which 
management decisions can be evaluated. 

The authors offer two quotes for instrumentation that would allow the ECA to 
continuously monitor water depth (to estimate flow), water temperature (helps 
distinguish groundwater from surface water), and conductivity (Appendix 1). Both 
quoted systems would work, but there are advantages and disadvantages of each. In 
short, the instrumentation is approximately $5,000 installed. All the data collected with 
both of these systems can be uploaded into the state water quality database. Both 
companies are known for quality and reliability. This instrumentation will require periodic 
cleaning/calibration and downloading data from the probe in the field. Then it will require 
uploading the appropriate data to the state's database. 

Continuously collecting data at one location will not assist in pinpointing pollution 
sources. To pinpoint sources of conductivity, for example, one needs two conductivity 
probes that can be placed upstream and downstream of a conductivity source. It may 
take several placements to identify the appropriate upstream and downstream locations. 
Once the instruments are placed, the operator watches for differences between the two 
conductivity measurements over the course of a storm or drought. 

In summary, the data gap is the inability to pinpoint sources of pollutants, and the 
inability to drive pollutant load models robust-enough to evaluate management 
alternatives. The recommendation is one fixed station ($5,000) in Stony Brook below 
the confluence with Butternut Brook and upstream of Mill Pond (a good option may be 
at the existing Stony Brook at the Robin Lane site), and two conductivity probes ($950 
each, built, programmed and installed). Alternatively, Dartmouth College has 
researchers capable of building and installing a custom system. A quote for two 
conductivity stations is provided in Appendix 1. For Anderson Pond Brook (already 
exists), Northeast Brook, and Stroing Brook, a staff gauge is recommended, with 
readings taken by volunteers on a weekly or bi-weekly schedule to get a general sense 
for the annual variation and contribution in flow from each tributary. 

Data Collection Locations 
More discrete samples at fewer locations is more valuable than fewer samples at more 
locations, particularly when there are only 4 sub-watersheds with drainage areas of 2 
percent or more of the total Eastman Lake drainage area. At a minimum, continue 
quarterly sampling at the established stations in Stony Brook (EASGTMSBRL, 
EASGTMSB and EASGTM2), Stroing Brook (EASTGTM5), Northeast Brook 
(EASGTM6), and Anderson Pond Brook (EASGTMAPD). 

Septic system health 
The contribution of pollution to Eastman Lake from septic systems was estimated using 
publicly-available actual records of septic system age as a proxy for effectiveness. 
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Another way to evaluate effectiveness would be confirming that maintenance is up-to-
date. One way to accomplish this would be to conduct a survey of the septic systems in 
the most sensitive areas based on the setback to surface waters and wetlands within 
the Eastman Community Association. 

Process Improvements 
Eastman Community Association staff and residents have collected a variety of unique, 
meaningful, and interesting data from historical photos to field observations. To 
preserve this information, and facilitate future inquiries, a data storage and archiving 
process is needed. The process needs to be managed by one person but be accessible 
by multiple people. This can be accomplished by creating a cloud-based storage 
location, such as Google Drive or Microsoft OneDrive. The Eastman Community 
Association staff person most likely to interact with and benefit from the data is the Chief 
Maintenance Officer. As of October 7, 2019, the Chief Maintenance Officer is Michael 
Gornnert, and he is willing to be the manager of the drive. If using Google Drive, the 
Chief Maintenance Officer would create a Google Drive account and give edit access to 
himself and his supervisor. Sub-folders could be created to provide read only and/or edit 
access for designated individuals, or even the public. The security of each folder is 
managed by the Chief Maintenance Officer, with the Chief Maintenance Officer’s 
supervisor as a back-up. Residents wanting to upload information to folders for which 
they have not been granted access can send the information to the Chief Maintenance 
Officer, who will decide whether the information is appropriate for archival. A Google 
Drive account for this type of application is free. 

 

QUANTIFY POLLUTANT LOADS 
Erosion 
The 250+ page Mill Pond study (Pike Hydro, 2018) estimated sedimentation in Mill Pond 
of 3,700 cubic feet of sediment in 30-35 years. This is equal to an average annual rate 
of approximately 115 cubic feet per year. Concentrated bank stabilization along Stony 
Brook has the potential to drastically decrease this number by approximately 80 cubic 
feet per year. Although important locally, erosional issues in all other ditches and 
tributaries combined produce less sedimentation than the erosion in Stony Brook. 
Based on the Mill Pond study and a visual inspection of each major ditch and small 
tributary, the estimate of total sedimentation in Mill Pond, Anderson Pond and Eastman 
Lake is likely in the 175-300 cubic feet per year (6.5-11 cubic yards) range. 

De-icing chemicals 
The Eastman Community Association manages 13 miles of paved roads and 40 miles 
of unpaved roads (Figure 15). Within the Eastman Lake watershed, there are 7.26 miles 
of paved roads managed by ECA staff (Figure 16. Eastman Community Association 
Paved Roads within Watershed.). The paved roads receive 0.15 tons of salt per mile 
for each application. Because these chemicals are spread within the Eastman Lake 
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watershed, they are subject to run-off during spring snowmelt and are likely contributing 
to the elevated levels of chloride in Eastman Lake. De-icing application by primary sub-
watershed, within the Eastman Community Association is shown in Table 2. Assuming 
12 applications per year, ECA-managed paved roads combine for an estimated annual 
salt loading of 2.78 tons. 
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Figure 15. Eastman Community Association road types. 
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Figure 16. Eastman Community Association Paved Roads within Watershed. 
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Table 2. De-icing application by sub-watershed. 
 

Sub-Watershed  Paved 
(miles)  

Application rate 
(tons/mile) 

De-icing per 
event (tons)  

Annual de-
icing (tons) 

Anderson Pond  0.16  0.15 0.024 0.288 
Stony Brook  1.37  0.15 0.2055 2.466 
Stroing Brook  0.58  0.15 0.087 0.013 
Northeast Brook  0.58  0.15 0.087 0.013 

 

Stretches of Interstate 89 and Route 10 are contained within the Eastman Lake 
watershed, but outside of ECA boundaries. These roads receive intense road 
management during the winter months via application of salt to improve driving 
conditions and safety. The New Hampshire Department of Transportation uses a similar 
rate of salt application as the Eastman Community Association (an average of 300 
pounds per 1 mile of road, which is equal to 0.15 tons per mile of road). De-icing 
application in the Stony Brook sub-watershed outside the Eastman Community from the 
two principal paved roads is shown in Table 3. Assuming 12 applications per year, I-89 
and Route 10 combine for an estimated annual salt loading of 15.58 tons. 

Table 3. De-icing application by the two principal public roadways within the Eastman 
Lake watershed. 
 

Roadway  Total Length 
(miles)  

Application rate 
(tons/mile)  

De-icing per 
event (tons)  

Annual de-
icing (tons) 

I-89  5.98  0.15   0.897  10.76 
Route 10  2.68  0.15  0.402 4.82 

 

Eastman Community Association road salt application 
The Eastman Community Association staff uses untreated rock salt and treated rock 
salt with Ice B’ Gone Magic to maintain paved roads in the winter months. Ice B’ Gone 
Magic (IBG Magic) is a de-icing material that is added to rock salt, increasing its 
performance and melting capabilities, according to the manufacturer, down to 
temperatures of -35°F. The manufacturer claims that in granular form, IBG Magic works 
more effectively than most conventional de-icing products with a reduction of salt 
application between 30% and 50%, is 85% less corrosive, and is biodegradable. The 
ECA process is to treat salt with the liquid IBG Magic at a rate of 8 gallons per ton of 
rock salt. 

Eastman Community Association staff applies traditional rock salt and treated rock salt 
at a rate of 300 pounds per one mile of two-lane paved roads and parking lots, which is 
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around 13 miles in total length. This rate, multiplied by the number of winter weather 
events affecting the areas of Sullivan and Grafton County, provides an estimate of the 
minimum annual amount of salt applied to ECA roads for the purpose of de-icing. Using 
NOAA’s National Centers for Environmental Information Storm Event Database, the 
area surrounding Eastman Lake experiences and average of 9 winter weather events 
annually. Occasionally, there will be large storms in the forecast, and a chemical 
application will occur, but a storm will not materialize. Also, to keep roads safe may 
require a chemical application at times that are not classified as winter weather events 
by NOAA. Consequently, this estimation technique is likely on the low side. Assuming 
13 miles of paved roads, with an application rate of 0.15 tons/mile, with 79.3% of the 
ECA-managed paved roads in the Eastman Lake watershed and 9 winter weather 
events, suggests that the minimum di-icing chemical application in 2017-2018 was 
12.73 tons. Assuming there are 3 applications (33% more than the number of storms in 
the database) of chemicals when there is not a storm event in the NOAA database each 
year, this brings the annual estimate to approximately 17 tons/year. 

Using truck logs filled out by the ECA staff, the total salt application of a portion of the 
2018/2019 winter season was calculated. The truck model, driver, de-icing material, 
method of application, quantity, and road conditions were completed for each 
application. The quantity of de-icing material applied to the roads was measured in 
buckets and loads. A bucket has a volume of 2 cubic yards, while the loads, referring to 
the bed of a truck, ranged from 4 to 5 cubic yards. 

There are approximately 2.8 million square feet of driveways in the Eastman 
Community. By extension, ECA driveways received anywhere between 28,000 – 
126,000 pounds of salt per anticipated winter storm event. This number has a large 
range due to the uncertainty of whether a driveway is paved or not paved, and the 
quantity of salt the homeowner applies. 

Eastman Community Association residents and homeowners either apply de-icing 
chemical themselves or hire private companies to do so. The Eastman Community 
Association does not regulate quantities, nor does it communicate recommended de-
icing chemical application practices. Without any record keeping system or certification 
for salt application on driveways within the Eastman Community, the impact private 
driveways have on Eastman Lake is subject to a high degree of uncertainly.  

 

Residential septic systems/water softeners 
Due to a lack of record keeping, the exact number of septic systems at true risk of 
failure within Eastman Lake’s watershed is unknown (Figure 17). The use of water 
softeners among the Eastman Community Association parcels in the watershed also 
lacks quantification. This gap of knowledge leaves Eastman Lake vulnerable to 
pollutants such as nitrogen, phosphorus, chloride, and an increased conductivity.  
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Figure 17. Parcels classified by estimated septic system age. 
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Table 4. Private septic systems and level of concern as demonstrated in Figure 13. 
 

Age Range of 
Buildings 

Level of Concern Number of Parcels Percentage of 
Parcels 

New-14 years Least Concern 23 4.75% 
15-20 years Moderate Concern 30 6.2% 
21-50 years Greatest Concern 265 54.75% 
No Data -- 166 34.3% 

 
 

Based on the above table, the majority of the parcels in the watershed are of greatest 
concern for risk of failure. The next greatest group of parcels have no data associated 
with them, indicating there have been no records kept of buildings on the parcels, septic 
systems on the parcels, or no data entered on the property cards. The parcels of least 
concern accounted for the least number of parcels in the watershed with those at 
moderate concern at a slightly greater number.  

Assuming a rate of septic failure at 2%, the STEPL model default value, 9.68 of the 484 
parcels in the Eastman Lake watershed are likely to fail. This may seem low, but any 
failure can have negative environmental impacts. Untreated wastewater contains 
excessive nutrients such as nitrogen and phosphorus that are harmful to the ecology of 
the area. The excessive organic matter can also choke out the oxygen supply in nearby 
bodies of water. This can also cause toxic algal blooms and lower the quality of water 
for organisms living and recreating in it. 

Because there are no records kept on septic system/water softener maintenance, 
installation, or usage trends, the true effect on Eastman Lake cannot be quantified. A 
method of keeping track of maintenance, installation, and use of septic systems and 
water softeners in the Eastman Community is recommended.  

Dust control chemicals 
A 35% CaCl2 solution is applied to unpaved roads in the summer months to control dust 
from traffic. Calcium Chloride retains moisture, suppresses the dust, and stabilized 
unpaved surfaces. However, this solution is salt based and water soluble, enabling salt-
rich run-off into the lake. 

The Eastman Community Association has applied dust controlling chemicals, like CaCl2 
for over 25 years to their roughly 40 miles of unpaved roads. The application occurs once 
a year, at a rate of 750 gallons of 35% CaCl2 solution per mile of unpaved road. Each 
year, the maintenance department purchases roughly 36,000 gallons of the solution. 
Alternative low chloride dust control options and an overall reduction in application rates 
should be considered to help reduce the chloride levels of Eastman Lake. These efforts 
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should be prioritized to unpaved roads within the watershed, then implemented 
throughout the entire community.  
 
There are a few alternatives to consider. 
Resins: Liginin sulfonate is a by-product of the pulp milling industry (tree sap). It works 
best when incorporated into the surface gravel, and it provides cohesion to bind the soil 
particle together 
 
Natural Clays: Highly plastic clays provide strong cohesion to gravel.  However, this 
does not limit dust. Natural clays are difficult to transport and energy intensive to mix 
with the gravel. It would be interesting to pilot using natural clays in a test section for a 
summer. 
  
Soybean Oil: Acidulated Soybean Oil Soapstock is by-product of the caustic refining 
process of soybean oil. It is a biodegradable material, similar to a light petroleum-based 
oil, and it penetrates gravel surfaces and provides a light bonding. 
 
No chemicals: Modify road surface materials so that less dust is generated and reduce 
speed limits. 
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LAKE WATER QUALITY ASSESSMENT 
 
Part I: Multipoint General Water Quality Parameters 
 
Purpose of Assessment 

As part of the New Hampshire Volunteer Lake Assessment Program (VLAP), Eastman 
Lake undergoes regular summer sampling to assess a series of parameters diagnostic 
of water quality issues. VLAP reports show conductivity levels consistently above the 
state median and long-term trends indicate that conductivity and pH have been 
worsening through time. This study assessed spatial variability in these water quality 
parameters during peak summer productivity (early August) by sampling multiple points 
across Eastman Lake. Obtaining spatially diverse water quality measurements enables 
better identification of which areas of the lake are most problematic. It can also inform 
how well the regular single-point VLAP sampling represents the entire lake. Finally, 
these data will inform and be integrated with the broader watershed and pollutant load 
data to identify areas of highest priority for future management efforts. 
 
Methods  
Total Phosphorus (TP):  

Samples were collected from five sites around Eastman Lake on 23 August 2019 to 
capture peak summer productivity (Figure 18). A water sample was taken at each site 
using an integrated tube sampler to capture the upper 2 meters of water. These 
samples were used to test for total phosphorus (TP) and to cross-check chlorophyll-a 
measurements with handheld fluorometers (see YSI Multiparameter profiles, below). 
Water samples were kept frozen until analyses. TP analyses were conducted by the 
Colby Sawyer Water Quality Lab, using the same protocols used on the regularly 
collected Volunteer Lakes Assessment Program (VLAP) samples.  
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Figure  SEQ Figure \* ARABIC 18. Map of Eastman Lake showing (A) locations 
of multipoint sampling sites across the entire lake and (B) inset showing finer 
spatial resolution samples within the southern end of the lake. 
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YSI Multiparameter profiles: 

Vertical profiles of temperature, dissolved oxygen, conductivity, total dissolved solids, 
chlorophyll-a, phycocyanin, and phycoerythrin were measured at each site using a 
multiparameter sonde (YSI EXO II, Yellow Springs, OH) coupled with a data logger 
(YSI, Yellow Springs, OH). Data were collected by lowering the YSI probe at a constant 
rate down through the water column until reaching the lake bottom. Measurements were 
recorded by the instrument every three seconds. Chlorophyll, phycocyanin, and 
phycoerythrin measurements were calibrated with tap water and the accuracy of 
readings was confirmed using two additional handheld fluorometers, the Amiscience 
FluoroQuik and the Turner AquaFluor. All YSI data were transferred and imported using 
KorEXO software. Raw data are given in Appendix II Table A1. 
 
Results 
Total phosphorus (TP): 

TP concentrations ranged between 5 – 17 µg/L across four locations on the lake, with a 
mean concentration of 9.6 µg/L ± 3.7 (Figure 19). Average TP levels were very similar 
between Deep (8 µg/L), West (9 µg/L), and South Beach (6.5 µg/L), whereas the North 
site was slightly elevated (15 µg/L). The range of TP concentrations measured in this 
study corroborates the NH DES VLAP reports and supports the findings that 
phosphorus levels have remained generally low and stable in recent years.  

Phosphorus is an important driver of biological productivity in lakes. TP represents all 
the organic and inorganic forms of phosphorus present in the water and is one of 
several parameters used to classify a lake’s trophic status. Using the Trophic State 
Index (TSI), Eastman Lake’s TP levels are within the oligotrophic class (i.e., low 
productivity) at all locations except the North site which crosses into the mesotrophic 
(medium productivity) class (i.e., falls within 12 – 24 µg/L, Carlson 1977). Importantly, 
this classification is based solely on TP and the overall trophic status of a lake is 
influenced by multiple environmental variables. For example, the NH DES Report Card 
employs a classification system that sums a lake’s ratings in the following categories: 
summer secchi transparency, bottom dissolved oxygen, aquatic vascular plant 
abundance, and summer epilimnetic chlorophyll. By adding the additional variables, 
Eastman Lake is classified as mesotrophic (NH DES).  
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Temperature and dissolved oxygen (DO):   

Temperature profiles confirm that the lake was thermally stratified (as shown in the 
Deep site, Figure 18) with a mean surface temperature ± 1 SD of 22.3 ± 4.1oC across 
sites. Unstratified areas of the lake showed high DO throughout the water column 
(Figure 20-Figure 24), and the stratified Deep site showed high epilimnetic DO, followed 
by a corresponding decrease with the thermocline.  

 
Conductivity and total dissolved solids (TDS):  

The mean conductivity ± 1 SD across all locations on Eastman Lake (222 ± 43.2 µS/cm) 
was about five times higher than the state median (42.3 µS/cm). Among locations on 
Eastman, the West inlet was on average 100 µS/cm higher than the rest of the sites 
(Figure 18). More measurements through time are needed to know whether this 
elevated measurement is representative of the average levels at West inlet. TDS 
represents the total combined inorganic salts and organics dissolved in the water and 
was correspondingly highest at the West inlet.  
 

Chlorophyll-a:  

The mean concentration of epilimnetic chlorophyll-a ± 1 SD across all locations on 
Eastman Lake was 2.18 ± 0.8 µg/L, well below the NH state median (4.39 µg/L). 
Chlorophyll-a concentrations ≥ 15 µg/L are generally considered cause for concern, and 
concentrations on Eastman remained well below this level in the epilimnion at all 
locations around the lake (Figure 20-Figure 24). These chlorophyll-a concentrations fall 
in the oligotrophic range of the Trophic State Index (TSI), however, as mentioned 
above, a lake’s overall trophic status is influenced by multiple factors and Eastman is 

 

Figure  SEQ Figure \* ARABIC 19. Total phosphorus levels at 
four sites on Eastman Lake in August 2019. Points are duplicate 
water samples run for each site. 
 

Figure 11. Total phosphorus levels at four sites on Eastman Lake in 
August 2019. Points are duplicate water samples run for each site. 
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classified by NH DES as mesotrophic on the basis of four parameters (see Total 
Phosphorus section).  

While chl-a remained low in the upper waters of the epilimnion, concentrations 
increased with depth such that most locations exhibited a deep chl-a maximum between 
2 -7 m below the surface (i.e., Deep max = 4.38 µg/L at 7.5 m, North max = 4.27 µg/L at 
2.3 m). Deep chlorophyll maxima (DCM) are a common phenomenon that results from 
phytoplankton balancing the need for sufficient light (highest near the surface) and 
nutrients (often more available in deep stratified waters) in stratified lakes. The resulting 
DCM depth plays a role in lake productivity and resource available for zooplankton and 
other organisms in the water column. As DCMs are highly influenced by light 
penetration, clearer water lakes tend to have deeper DCMs, which can constitute more 
than half of the lake’s total primary productivity (Giling et al., 2017; Leach et al., 2018). 
Therefore, the elevated chlorophyll concentrations at deep depths in Eastman Lake are 
within normal levels for stratified clearer water lakes, and these concentrations generally 
remained below threshold levels of concern. 
 

Phycocyanin (PC) and phycoerythrin (PE):  

Although cyanobacteria contain chlorophyll, PC and PE are the primary accessory 
pigments unique to cyanobacterial taxa. Measuring these pigments through vertical 
profiles provides insight on abundance of cyanobacteria throughout the water column. 
PE and PC in the epilimnion were low across sites, with an average ± 1 SD of PE of 
4.08 ± 1.0 µg/L and PC of 0.85 ± 0.8 µg/L. There was a slight increase in cyanobacterial 
abundance at deeper depths, reaching a maximum of 7.2 µg/L at 6 m in the Deep site, 
and 7 µg/L at 2.3 m in the North site. Overall, this demonstrates that cyanobacteria are 
present at low abundances around the lake, with peak concentrations between 2-6 m 
below the surface. These concentrations are all below the levels at which cyanobacteria 
are typically a risk to human health (see also Part II Cyanobacterial Assessment). 
Further, as shown by the finer spatial scale sampling at South Beach, there were no 
noticeable increases in cyanobacteria towards the south end of the lake (from South 
Beach, to South Beach cove, to South Beach shoreline). Cyanobacteria and other 
phytoplankton can accumulate along shorelines due to wind, creating a situation where 
lakes with low abundances of cyanobacteria show much higher concentrations at 
certain ends of the lake. Despite the northerly wind present during sampling, the 
chlorophyll and PE/PC levels were not considerably higher as towards the southern 
shoreline of Eastman, showing no evidence for cyanobacterial or algal accumulation at 
their current concentrations. 

 
Conclusions 

The greatest causes for concern in Eastman Lake remain the sedimentation in Mill 
Pond and high levels of conductivity. The multipoint samples of this study strongly 
support the notion that Stony Brook is a key source for incoming salts and that this area 
of the watershed is critical to the lake’s conductivity problem. Regular monitoring of 
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Stony Brook, downstream of Butternut Brook and upstream of Mill Pond, could be an 
important next step towards resolving the outstanding questions surrounding this issue, 
including the seasonal timing of salt influx and the strength of variations across seasons 
and locations. Towards this goal, the Stroud Water Research Station has developed 
protocol for setting up DIY conductivity monitoring stations, known as EnviroMayfly 
Sensor Stations. Building these has shown to be a cost-effective alternative to the 
equivalent premanufactured conductivity monitoring stations. As discussed previously, 
colleagues at Dartmouth and Jess Trout-Haney can assist with the building and 
installation of one or more stations on Eastman Lake. A cost breakdown for parts and 
labor for two built, programmed, and installed conductivity monitoring stations is 
included in Appendix 1. 

More information and the manual for the EnviroDIY stations can also be found at: 
https://www.envirodiy.org/mayfly-sensor-station-manual/.  

Details on the ES-2 sensors by Meter can be found at: 
https://www.metergroup.com/crops/products/es-2-electrical-conductivity-temperature-
sen/. 
  

https://www.envirodiy.org/mayfly-sensor-station-manual/
https://www.metergroup.com/crops/products/es-2-electrical-conductivity-temperature-sen/
https://www.metergroup.com/crops/products/es-2-electrical-conductivity-temperature-sen/
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Figure  SEQ Figure \* ARABIC 20. YSI multiparameter data from the North site on 
Eastman Lake showing temperature, dissolved oxygen, conductivity, total dissolved 
solids, and three phytoplankton photopigments. 
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Figure  SEQ Figure \* ARABIC 21. YSI multiparameter data from the Deep site on 
Eastman Lake showing temperature, dissolved oxygen, conductivity, total dissolved 
solids, and three phytoplankton photopigments. 
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Figure  SEQ Figure \* ARABIC 22. YSI multiparameter data from the West inlet on 
Eastman Lake showing temperature, dissolved oxygen, conductivity, total dissolved 
solids, and three phytoplankton photopigments. 
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Figure  SEQ Figure \* ARABIC 23. YSI multiparameter data from the South Beach 
cove on Eastman Lake showing temperature, dissolved oxygen, conductivity, total 
dissolved solids, and three phytoplankton photopigments. 
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Figure  SEQ Figure \* ARABIC 24. YSI multiparameter data from the shoreline of 
South Beach on Eastman Lake showing temperature, dissolved oxygen, 
conductivity, total dissolved solids, and three phytoplankton photopigments. Note 
that only a single depth measurement is shown for each parameter at this shallow 
shoreline site. 
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Part II: Cyanobacterial Assessment 
 
Purpose of Assessment 

The VLAP assesses chlorophyll and phosphorus levels, but it does not specify 
cyanobacterial abundance or their associated toxins (hereafter “cyanotoxins”). 
Traditionally, highly eutrophic lakes with visible surface blooms have been considered 
those most at risk of cyanobacterial growth and cyanotoxin production. However, we 
now know that toxigenic cyanobacteria are not limited to high nutrient lakes and do not 
always form conspicuous surface blooms. This study quantified the abundance of 
cyanotoxins from lake water and plankton from the sampling sites presented in Part I. 
The cyanotoxin of focus is microcystin (hereafter “MC”), chosen because it (1) is the 
most widespread and commonly produced cyanotoxin across cyanobacterial taxa, (2) is 
prevalent in lakes throughout New England, (3) can be detected using standard 
laboratory methods, and (4) is a biotoxin for which current health guidelines are in place 
outlining safety thresholds for food and drinking water by the World Health Organization.  
 
Methods  
Lake water collection:  

Three water samples were taken at each site using an integrated tube sampler to collect 
the upper 2 meters of water. Triplicate samples were combined to get a composite 
water sample at each site. Water was kept frozen at -80oC until MC extraction and 
analyses (see MC extraction and ELISA, below). 

 
Plankton collection:  

We collected plankton (>50 µm) using 2 tows of a Wisconsin net lowered to depth and 
then pulled upwards at a constant rate of roughly 0.5 m/s. The sides of the plankton net 
were rinsed thoroughly with lake water to allow the plankton to concentrate in the cod 
end. The sample was then placed into a plankton separation device or Pocket ZAPPRTM 
consisting of a darkened portion on the top and clear portion on the bottom. The device 
uses the positive phototactic behavior of zooplankton to concentrate them in the bottom 
light portion and the positive buoyancy of phytoplankton to concentrate them in the dark 
bottle above. After 30 min, separated fractions were collected onto fine mesh (20 µm), 
desiccated, and stored at -20oC. Before toxin extraction, each sample was checked for 
incomplete separation using a Leica MZ-12 dissecting microscope; samples were hand-
picked until only the desired fraction was present. The picked sample was then 
macerated, weighed, and reconstituted with a known volume of distilled water. MC 
extraction and analysis proceeded as described below.  
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MC extraction and ELISA:  

Prior to the enzyme-linked immunosorbent assay (ELISA), the entirety of each water 
and plankton sample was subjected to a toxin extraction process consisting of triplicate 
cycles of freeze-thaw (-80oC, minimum freeze time of 1 h) and incubation in a sonic 
water bath (5-10 min intervals). To avoid samples being below the kit’s limit of detection, 
a known volume of each sample was transferred to a clean microcentrifuge tube, 
refrozen, and concentrated by 5-10 fold using a Thermo Scientific SpeedVac before it 
was run on the ELISA. After extraction, MCs were detected following the Envirologix 
ELISA protocol for high sensitivity with a method limit of detection (LOD) of 0.071 ng 
mL-1 (EP 022 HS High Sensitivity QuantiPlateTM Kit for Microcystins, Envirologix, Inc, 
Portland, ME). The ELISA does not distinguish between microcystin variants and as 
such we use the term MC to refer to four possible microcystin toxin variants (MC-LR, 
MC-LA, MC-RR, MC-YR) and the structurally similar nodularin toxin. Samples were 
thawed, centrifuged at 10,000 RPM for 1 min, and the supernatants collected prior to 
analysis. ELISA plate absorbances were read on a Tecan Spark 10M plate reader with 
the primary wavelength at 450 nm and the reference wavelength at 630 nm. Standard 
curves were fitted using a four-parameter logistic model with R2 >0.99 and MC 
concentrations were adjusted for the SpeedVac concentration. Raw data are given in 
Appendix II Table A1. 

 
Results 
Cyanotoxins in lake water: 

MCs were present at low concentrations in epilimnetic lake water, ranging from below 
detection to 30 ng/L in the North site (Figure 25, Appendix II Table A2). The average 
MC concentration ± 1 SD across the lake was 12 ± 13.9 ng/L. All water samples taken 
from the West site were below the detection limit of the assay, even after concentrating 
sample. The other three sites had low but detectable levels of MC. However, the highest 
concentrations detected were still two orders of magnitude below the limit for safe 
consumption of drinking water set by the World Health Organization (1,000 ng/L, Figure 
25), indicating the lake water currently poses very low risk for human exposure to 
cyanotoxins.  
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Cyanotoxins in plankton:  

Mean MCs were detectable at low concentrations in phytoplankton and zooplankton 
from most locations in Eastman Lake (Figure 26, Appendix II Table A3). In 
phytoplankton, MC concentrations ranged from 0.09 ng/g dry weight (dw) in the Deep 
site, to 0.35 ng/g dw in the North. These concentrations all fall within the low range of 
MCs in phytoplankton; for comparison, MCs can reach concentrations up to 3 x 106 ng/g 
dw in cyanobacteria during a large bloom event (Kopp et al., 2013; Ozawa et al., 2003; 
Papadimitriou et al., 2012). Phytoplankton in this study represent the species >50 µm in 
size, indicating that large pelagic cyanobacteria in Eastman represent one source of the 
MC present in lake water. Small and pico-sized (≤ 2 µm) cyanobacteria represent 
another potential toxin source that would not have been included in our net tows. 
Picocyanobacteria can be among the dominant producers in some low-productivity 
lakes, however, it is unlikely that they are contributing harmful levels at this time given 
the low concentrations of MC in lake water.   

In zooplankton, MCs were detected from all four sites ranging from 0.19 ng/g dw in the 
Deep site to 1.74 ng/g dw at South Beach (Figure 26). Averaged across the four sites ± 
1 SD, zooplankton MC was 0.62 ± 0.75 ng/g dw, with zooplankton from South Beach 
containing roughly twice as much MC as other sites. Overall, these concentrations are 
all lower than what is typically found in systems with problematic cyanobacterial blooms, 
where zooplankton MC can range between 3 - 1.5 x 105 ng/g dw (Ibelings et al., 2005; 
Kotak et al., 1996; Papadimitriou et al., 2012).  Additionally, the only site to show 

 

Figure  SEQ Figure \* ARABIC 25. Mean microcystin (MC) 
concentrations ± 1 SD in water from the epilimnion at four locations 
in Eastman Lake from August 2019. Red dotted line shows the limit 
for safe consumption of drinking water set by the World Health 
Organization (WHO). MC concentrations are shown on a log-axis. 
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evidence of biomagnification was South Beach. Biomagnification refers to the presence 
of a higher toxin concentration in a consumer (e.g., zooplankton) relative to its food 
source (e.g., phytoplankton) and can result in dangerous levels of exposure to animals 
like humans who feed from higher trophic levels in the food web (Pham and Utsumi, 
2018). Only South Beach showed evidence for biomagnification of MC in zooplankton 
and the resulting concentrations remained well below the threshold for human health 
concerns. The WHO limit for safe consumption of MC in food is 40 ng/kg body weight 
per day. For a 60 kg person and an average of 0.62 ng/g dw in zooplankton, this would 
be the equivalent of consuming 4,000 g of plankton per day. Planktivorous fish in this 
lake could also contain MC, however, given the low MC in water and plankton, and the 
lack of evidence for biomagnification, MC levels in fish would also likely be low. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusions 

Taken together, the presence of cyanobacteria and cyanotoxins in Eastman were 
consistently low and below levels for human health concerns. These results, combined 
with the PE/PC fluorescence findings from Part I, do demonstrate that there are toxin-
producing species of cyanobacteria present in the lake water. Currently, global climate 
change is impacting lakes worldwide and cyanobacterial abundance has been shown to 
increase as lakes undergo shifts such as increased water temperatures, enhanced 
stratification, and longer growing seasons (Elliott, 2012; Paerl and Huisman, 2008; Paerl 
and Paul, 2012). While cyanotoxins are not currently at sufficiently high concentrations 
to indicate adverse effects on human health, investing in occasional monitoring efforts 

 

Figure  SEQ Figure \* ARABIC 26. Microcystin (MC) 
concentrations in plankton from four locations on Eastman 
Lake taken August 2019. Each point represents plankton that 
was combined from two vertical tows at each site. Shade of 
point indicates the type of plankton. 
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to keep track of changes in cyanobacterial abundance can help to reduce future risks. 
For your consideration, the Cyanobacteria Monitoring Collaborative (CMC) is an 
organization that engages communities throughout New England with the goal of 
training and equipping citizens to better understand and monitor cyanobacteria in their 
lakes. For participating groups and individuals, there is a mobile lab acquired by the 
EPA Regional Lab which offers hands-on trainings at various locations throughout New 
England. Examples of CMC monitoring programs include (1) cyanoMonitoring, training 
members to track cyanobacterial abundance through the use of handheld fluorometers 
to measure fluorescence of various pigments in water samples through the season, (2) 
cyanoScope, which trains members to identify cyanobacteria present using a plankton 
net, digital microscope, and uploading images to iNaturalist, and (3) bloomWatch, a 
mobile phone app that can be used by anyone spending time on the lake to document 
certain key conditions/appearances of the lake, which is then publicly available and help 
to predict of changes in water quality and bloom events. As part of the CMC, you will be 
advised on purchasing a handheld fluorometer and a cyanoScope kit, which the CMC 
prepares for you and offers training opportunities on how to use the equipment.  
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Chapter 3: Finalize goals and identify solutions 

SET OVERALL GOALS AND MANAGEMENT OBJECTIVES 
The preliminary goals outlined previously (and shown below) make up the overall goals.  
 
Long-term preliminary goals include: 

1. All parameters listed in the New Hampshire Department of Environmental 
Services, Volunteer Lake Assessment Program Individual Lake Report, 
Waterbody Report Card table for Eastman Lake will reliably remain in the 
category of Very Good. 

2. Eastman Lake will reliably exceed all New Hampshire Water quality standards 
and have median values in the target range 

a. Chloride:  ≤230 mg/L (chronic) 
b. E. coli: ≤88 cts/100 mL – public beach 
c. E. coli: ≤406 cts/100 mL – surface waters 
d. Turbidity: ≤10 NTU above natural level 
e. Dissolved oxygen: ≥6 mg/L at any place or time, or 75% minimum 

daily average, unless naturally occurring 
f. pH: from 6.5 and 8.0 (unless naturally occurring) 
g. Median chlorophyll-a concentrations from 2.5 to 4.4 ug/L 
h. Median phosphorus concentrations from 7.0 to 10.0 ug/L 
i. Total phosphorus: unless naturally occurring, shall contain no phosphorus 

in such concentrations that would impair any existing or designated uses 
 
Short-term preliminary goals include: 

1. Reduce sedimentation in Mill Pond by 70 percent from 115 cubic feet per year to 
35 cubic feet per year 

2. New or Improved ECA standards will be solicited 
a. Forestry concerns in sensitive watershed areas 
b. Septic system installation and maintenance in sensitive/at risk watershed 

areas 
c. Water softener installation and maintenance in sensitive watershed areas 
d. Sand and salt application in sensitive watershed areas 

3. Monitoring plan will be enacted in-line with long-term modeling needs 
4. Data storage system will be implemented to manage and store watershed data 

 
The overall goals drive the management objectives. The overarching management 
objective for the ECA is to maintain a healthy ecosystem throughout the Eastman 
Community (and beyond), with focus on the Eastman Lake ecosystem. To do this, the 
immediate management priorities are to reduce sedimentation in Mill Pond and collect 
data to improve the understanding of chloride sources and pathways in Stony Brook. 
 

DEVELOP INDICATORS/TARGETS 
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The Volunteer Lake Assessment Program Individual Lake Reports provide a nice way to 
compare a waterbody to other waterbodies in New Hampshire. Parameters evaluated in 
the reports include 
 

● Conductivity/chloride 
● Transparency 
● Turbidity 
● Phosphorus (Total) 
● pH 
● Dissolved Oxygen 
● Escherichia coli  
● Chlorophyll-a 

 
In addition to these parameters, another key indicator is the quantity of sediment built-
up in Mill Pond. This build-up can be monitored with remote sensing images as 
described in Pike Hydro (2018). 
 

ESTIMATE POLLUTANT LOADING INTO THE WATERSHED AND THE 
EXPECTED LOAD REDUCTIONS 
Numerical computer models provide a way to assimilate watershed information into 
expected pollutant load calculations. Without continuous water quality data, the 
available models are limited to simplified land use/cover-based models to estimate 
loads. In a small basin such as the Eastman Lake watershed where so much of the land 
surface is forested and not affected by human management decisions, the 
generalizations and subjective parameterization in a model such as STEPL or the Lake 
Loading Response Model make the uncertainty of the output unacceptable. After at 
least one year of data collection, data-driven numerical models will be able to calculate 
current loads with less uncertainty and consequently may be able to provide meaningful 
load reduction calculations based on management actions. 
 

IDENTIFY CRITICAL AREAS 
Areas around Eastman Lake with high public use are among the most critical to protect. 
Because so much of the surface water enters Eastman Lake through Mill Pond, this 
area is critical in terms of proactively addressing water quality issues. Streambank 
restoration and stabilization on Stony Brook is the most impact-inducing short-term 
project identified as part of this study. In the long-term, reducing chlorides throughout 
the watershed should be a factor in all land and road management decisions.   
 

DESCRIBE MANAGEMENT MEASURES THAT WILL ACHIEVE LOAD 
REDUCTIONS IN TARGETED CRITICAL AREAS 
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Stony Brook hayfield stabilization 
To reduce sedimentation into Mill Pond and subsequently into Eastman Lake, the 
Eastman Community Association or its members should speak with a land conservation 
attorney and visit local watershed protection groups to understand the options for 
enabling and encouraging stream restoration on privately-owned land. Subsequently, 
the Eastman Community Association, or its members, should meet with the appropriate 
property owners to discuss mutually beneficial options for stabilizing the banks along 
the hayfield. It is in the best interest of all parties for Stony Brook not to erode the 
hayfield. Stream restoration and stabilization in this critical area is straight-forward and 
easily accessible. 
 
There are four apparent options: 
1. No change in the hayfield land management means dredging Mill Pond 

approximately every 30-40 years, if the intent is for Mill Pond to remain a pond that 
filters the water prior to it entering Eastman Lake. 

 
Advantages of option #1 include that it is easy and requires no immediate action. The 
disadvantages include the long-term cost, the diminished quality of Mill Pond and 
Eastman Lake, and the ongoing public discourse regarding Mill Pond sedimentation. 
 
 
2. The hayfield landowner works with the U.S. Department of Agriculture, Natural 

Resources Conservation Service (NRCS) to establish a stabilized riparian buffer. 
Dredging in Mill Pond would be needed much less frequently, perhaps every 100-
200 years, assuming other land use in the watershed remains similar. 

 
The advantages of option #2 include that it improves Mill Pond and Eastman Lake water 
quality and that the NRCS provides a cost share (tends to be around 75%). The NRCS 
works with the landowner on the streambank stabilization design and the land remains 
the property of the landowner. The disadvantages include the time and complexity of 
working through the competitive process of being selected, and the landowner 
potentially having to make other modifications to the property (outside of the riparian 
buffer) required by the NRCS in order for the project to be eligible. Wendy Ward, 
available at (603) 756-2988, of the NRCS Walpole Field Office, is the local point of 
contact for Sullivan County. She would be the key person if Option 2 were to be 
considered. More information about the Regional Conservation Partnership Program 
through the NRCS program can be found at: 
https://www.nrcs.usda.gov/wps/portal/nrcs/main/nh/programs/farmbill/rcpp/.  
 

 
3. The hayfield landowner donates the riparian buffer portion of the land and it is 

placed in a conservation easement. 
 
The advantages of option #3 include that it improves Mill Pond and Eastman Lake water 
quality, the landowner receives financial incentives for the donation, and outside groups 
can make donations to facilitate the stream restoration once it becomes a conservation 

https://www.nrcs.usda.gov/wps/portal/nrcs/main/nh/programs/farmbill/rcpp/
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easement. The disadvantages include that the landowner cannot use the conservation 
easement portion of the land for a hayfield, and the donation is non-revocable. Once 
donated, there will still be the need to stabilize the bank. New Hampshire has various 
conservation easement programs. A good point of contact to learn more about the 
options is Duane Hyde at the Southeast Land Trust of New Hampshire (SELT). This 
would be a good place to start if considering Option 3. He can be reached at (603) 658-
9718. The SELT webpage is http://seltnh.org/. For a comprehensive resource on 
easement stewardship, see The Conservation Easement Stewardship Guide: 
Designing, Monitoring, And Enforcing Easements, available at 
https://books.google.com/books/about/The_conservation_easement_stewardship_gu.ht
ml?id=0HJSAQAACAAJ. Another great reference is Determining Stewardship Costs & 
Raising and Managing Dedicated Funds available at 
https://www.landtrustalliance.org/publication/determining-stewardship-costs-raising-
andmanaging- dedicated-funds. 
 
4. The Eastman Community Association works directly with the landowner to 

implement an approach to stabilize the bank. 
 
The advantage of option #4 is that is does not rely on entities other than ECA and the 
landowner, potentially speeding up the process. The disadvantages include the time, 
effort and expense for ECA to facilitate the process. 
 
 
For ECA-managed land, excessive sediment transport in stormwater ditches and 
tributary streams is limited. It is evident that the community is committed to protecting 
the waterbodies and has invested heavily and intelligently in appropriate stormwater 
management practices. By-in-large, the tributaries to Mill Pond within the Eastman 
Community appear healthy. In terms of ongoing maintenance, and where reasonable, 
ECA should place stone check dams approximately every 50 feet in steep ditches that 
show signs of increasing or excessive sedimentation or erosion. The stone check dams 
will slow the water, allowing some of the sediment to settle out at the base of the stone 
check dams. Periodic removal of the build-up of sediment at the stone check dams will 
keep them functional for decades. With the steep slopes in the contributing area, quick 
identification of and response to erosional hotspots will protect the health of Mill Pond 
and thereby enable it to act as an important filter for Eastman Lake. 
 
In summary, erosion control in Stony Brook, particularly at the identified hayfield is the 
top priority and provides the potential for the most immediate positive impact. Because 
this is not on property managed by the Eastman Community Association, there are 
many unknowns to estimate costs. The important first step is working with the 
landowner, as well as local, state and federal agencies, to determine the desired course 
of action and the roles of each stakeholder. As a general rule of thumb, stream 
restoration and stabilization costs for similar brooks is approximately $50-$75/ft 
(personal communication on April 13, 2020 with Dr. Chris Haring, U.S. Army Corps of 
Engineers, stream restoration specialist). With 1,020 feet or streambank, the cost is 
estimated to be approximately $50,000-$75,000.   

http://seltnh.org/
https://books.google.com/books/about/The_conservation_easement_stewardship_gu.html?id=0HJSAQAACAAJ
https://books.google.com/books/about/The_conservation_easement_stewardship_gu.html?id=0HJSAQAACAAJ
https://www.landtrustalliance.org/publication/determining-stewardship-costs-raising-andmanaging-
https://www.landtrustalliance.org/publication/determining-stewardship-costs-raising-andmanaging-
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Schedule and prioritize drainage ditch and swale sediment clean-out 
The Eastman Community Association has steep hills and windy roads. One outcome of 
this combination of factors is that drainage ditches and swales are capable of entraining 
quantities of sediment that exceed the lake ecosystem’s natural ability to adapt in a 
balanced manner. Recognizing this, ECA maintenance staff have invested heavily in 
excess sediment mitigation infrastructure, especially near the community beaches. A 
2006 project by Aries Engineering eliminated direct input of sediment at beaches using 
erosion detention areas. This approach has been effective. Each year (generally once 
or twice) an excavator cleans out the erosion detention areas. The overarching concept 
is that preventing sediment from getting into the lake is more efficient than dealing with 
it once it is in the lake. Over the years, many ditches have been lined with stone and 
check dams have been installed on steep slopes. The check dams consolidate the 
sediment and ECA removes the accumulated sediment with a couple different 
techniques, depending on the location, as needed. Volunteers in the community have 
been, and will continue to be, called upon to build additional stone check dams and 
assist in periodic sediment removal in areas affecting Eastman Lake. 

When slopes are not too steep, ECA uses vegetated ditches, which are mowed once or 
twice each year. The vegetation is effective at encouraging sediment settlement, 
however, over time the ditches lose capacity and must be cleaned out. The University of 
New Hampshire has standards for ditching and ditch clean-out to reduce excess 
sediment transport, which ECA has been following. Staked haybales, silt fences and 
fiber logs are used. It could be helpful to have a one-page brochure for residents 
describing erosion control, and perhaps an application process for homeowners in 
sensitive areas to seek ECA assistance if private property land changes could benefit 
from erosion control. 

 

Establish standards for ECA homeowners regarding de-icing and driveway 
design in sensitive areas 
Similar to the Eastman Community Association Ad Hoc Septic Committee, it would be 
helpful (and it is recommended) to have guidelines and standards regarding the 
products used and application practices of de-icing chemical on private property within 
the Eastman Community Association. 

 

Continuously-improve ECA de-icing practices 
The value of the ECA de-icing truck log would be increased if it were recorded on a 
digital platform such as Microsoft Excel or Google Sheets, rather than on paper where 
handwriting may be difficult to read, and data entry errors could be more common. The 
ECA maintenance staff has been trained in green snow management practices. The 



 
 2020 Eastman Lake Watershed Management Plan 71 | Page 

Town of Grantham has also received the SnowPro training and certification. 
Encouraging or incentivizing other applicators in the watershed to pursue the SnowPro 
training and certification is recommended. There is an initial certification through the 
University of New Hampshire and annual continuing education and re-certification every 
five years. Before applying de-icing chemicals, staff read a temperature gauge on the 
roadway and use a UNH-provided Green Snow Pro chart to most effectively determine 
the quantity and timing of de-icing applications. Additionally, the temperature gauges 
are calibrated annually. The UNH-provided chart uses New Hampshire-specific data, so 
the calibration should be decent. However, every local area is unique and, where it can 
be done safely, ECA maintenance staff should be decreasing de-icing chemical 
application as much as possible. One way to incrementally decrease de-icing chemical 
application would be to attempt reductions in highly monitored areas. Prior to doing so, 
ECA staff could inquire from the Green Snow Program if there is a best management 
practice for deviating from their chart and if there are recommendations for how to do so 
most effectively. 

A 10% decrease in salt application would result in a new application rate of 270 pounds 
(0.135 tons) of salt per 1 mile of two-lane road. The Eastman Community Association 
could try this in designated and marked areas. If safety is not compromised, expand the 
area and continue tests of decreasing quantities, as long as the roads remain safe. 
“Safe” is a relative term and it would be helpful for the Eastman Community Association 
to define defensible, objective, and quantifiable measures so that staff applying 
chemicals are responding to quantitative guidelines rather than subjectively defining 
“safe” road conditions. These guidelines make it clear to residents how the roads will be 
treated and limits the liability of the ECA if an accident does occur in an area with a 
lower application rate. With a 10% reduction, the total salt application after each winter 
weather event would be decreased from 1.95 tons to 1.75 tons. 

A 50% decrease of the rate of salt application would result in a new application rate of 
150 pounds (0.075 tons) of salt per 1 mile of two-land road. The total application of salt 
on paved roads would be cut in half, from 1.95 tons to 0.975 after every winter weather 
event. A decrease of this magnitude likely requires speed reductions, signage, and oral 
and written reminders to residents. To achieve this level of reduction, the ECA may 
consider publishing an article each year on the purpose of the low-salt application test 
areas and how using good snow tires is one-way residents can help protect the lake. 

Calcium Magnesium Acetate (CMA) is made of limestone and acetic acid and has a 
melting temperature of 20°F, CMA is more expensive than traditional road salt, but its 
noncorrosive quality and limited environmental impacts (less damaging to soils, 
vegetation, and aquatic organisms), make it an attractive option. It is commonly used in 
environmentally sensitive areas, near impaired waterbodies, and on bridges prone to 
salt corrosion (New Hampshire Department of Environmental Services, 2016). Calcium 
Magnesium Acetate does not contain urea, chloride, or nitrogen and works best when 
applied early in the winter to prevent snowpack on roads. This material does not 
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produce a brine, thus limiting the movement off roads, yielding fewer applications, 
according to the manufacturer. The average application rate of CMA is 250lbs to 400lbs 
per lane mile, 5lbs to 15lbs per thousand square feet, and 20g to 40g per square meter. 

Finally, it is recommended that representatives of the ECA reach out to the New 
Hampshire Department of Transportation to discuss the possible scenarios in which 
they might be able to lower salt use along the Interstate 89 and Route10 corridor. 

 

Establish standards for ECA homeowners regarding septic system maintenance 
in sensitive areas 
The Environmental Control Committee (ECC) is a board committee required by the 
Declaration of Covenants and Restrictions tasked with ensuring compliance with the 
Environmental Control Bylaws (Eastman Community Association, 2019). The ECC 
should establish septic system, leach field and water softener standards. Standards in 
sensitive areas may need to be more stringent than in less sensitive areas. Septic 
designs should be reviewed by the ECC and have adequate soil testing performed, 
proper wetlands delineated, and poorly drained soil and bedrocks outcrops mapped 
prior to submission of the plan to the state. The owner of any new, repaired, or replaced 
septic system must demonstrate to the ECC that the system(s) meet the standards and 
that there is a valid Approval for Operation from the state. Proof that the septic system 
of a home can accommodate an expansion of bedrooms and/or and increase the 
footprint of the house must be provided to the ECC. Photographs of any maintenance or 
installation of septic systems must be provided to the ECC. These would include 
photographs of the excavation of the soil absorption area and the completed system 
installation before it is backfilled. 

A program to educate ECA homeowners on the proper care and maintenance of septic 
systems could be helpful. Perhaps a short video or an article in the Eastman Living 
magazine or other print media. Continuing to expand sewer lines in sensitive areas 
would allow residents to abandon septic systems and keep septic system pollutants out 
of the shallow groundwater that drains into the lake. It would be helpful to have data on 
each septic system. One way to do this would be to have a list of authorized septic 
service providers and then make those providers agree to populate the desired 
database as a requirement for remaining an authorized service provider. The database 
should include, at a minimum, system location, size, age, condition, and potential 
concerns. It is worth noting, and perhaps sharing in public awareness campaigns, that 
decreasing water consumption reduces wastewater and less wastewater means less 
chloride getting into the lake. 

The negative environmental consequences caused by malfunctioning septic systems 
can be mitigated through education and stricter regulations. This is a task the Eastman 
Ad Hoc Septic Committee had worked towards for several years. The Eastman 
Community Association formed the Ad Hoc Septic Committee with the mission of 
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studying the septic systems within the community, evaluating current conditions, and 
making recommendations to develop a management program for septic systems within 
the community. Since the committee was formed, they have found past records of 
septic systems installations, failures, and maintenance to be incomplete. In order to 
evaluate the impact septic systems in the Eastman Community Association have on 
Eastman Lake, this information is needed. To better gain an understanding of the 
current septic system conditions within the community, the Septic Committee conducted 
a survey. 

The committee received responses from 325 homeowners out of the 835 homes with 
septic systems. Out of this 39% response rate, 90.3% of respondents reported regular 
maintenance of their septic systems. The survey also revealed a large percentage of 
septic systems in the community are under-utilized, with more than 30% of systems in 
part-time use. Out of the 39% of respondents, 16% reported they have either repaired 
or replaced the original septic system. For this 16%, neither the reason for failure nor 
the work that was done was reported. 

The lack of septic system maintenance and aging or failing infrastructure degrades 
water quality in Eastman Lake. Without accurate information on septic systems in the 
Eastman Community, it is difficult to calculate the associated pollutant load from septic 
systems. 

In 2009, the Eastman Community Association Ad Hoc Septic Committee published 
findings and recommendations based on septic system surveys and analysis. The 
recommendations are provided below. 

1. All new septic systems designs should be reviewed by the Environmental Control 
Committee (ECC) and have adequate soil testing performed within the soil absorption 
area, proper delineations of wetlands, poorly drained soil, and bedrock outcrops shown 
prior to submission of the plan to the State of N.H. This measure would require an 
applicant to present more detailed information on their plan submission that would 
better ensure appropriate siting of the soil absorption area of a system and better 
protect the environment. Such plans are currently reviewed by a consultant engineer for 
the ECC and would require little additional time for review of the additional items. 

2. The owner of any new, repaired or replaced septic system must demonstrate to the 
ECC that there is a valid Approval for Operation and the approval paperwork has been 
issued by the State. If the septic system does not have a valid Approval for Operation, 
then a new Approval for Construction and Operation must be obtained from the State. 
This would require appropriate proof that the installed system does comply with 
applicable State requirements. 

3. The ECC may require inspection of any new septic system. This would allow the ECC 
to add an extra measure of control over a septic system installation and permit more 
oversight than the State of N.H. 
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4. When an existing home is expanded with additional bedrooms and/or increasing the 
footprint of the house, proof to assure the septic system and lot is capable of supporting 
the expanded use of the home must be provided to the ECC. This would better ensure 
that the existing system has the capacity to accommodate the anticipated increased 
load placed upon the system. 

5. Photographs of septic system installations should be provided to the ECC. Both a 
minimum of one photograph of the excavation of the soil absorption area and one 
photograph of the completed system installation before it is backfilled. 

6. A continuing program, funded by ECA, to educate Eastman homeowners on proper 
care and maintenance of their septic systems should be instituted. The education 
program would include measures such as periodic mailings to all homeowners, ECA 
web site reminders, educational presentations perhaps carried out jointly with standing 
committees such as Lakes and Streams or Woodlands and Wildlife. Perhaps Eastman 
Charitable Foundation would be interested in supporting these activities as it lends to 
the protection of the Eastman Lake watershed. 

7. Establishing a septic system maintenance buying group and charging the involved 
septic system maintenance providers with promoting proper system maintenance 
through direct contact with their customers every three years. Discussion with one 
septic system service company indicates that institution of some form of discount 
program can be obtained. 

8. Request the Sewer Committee to consider the potential for the wastewater treatment 
plant to accept septage from within the community. This could be a revenue source for 
the Sewer Company and a cost savings for those residents with septic systems. Any 
consideration for future expansion of the sewage treatment capacity should consider 
possibly adding sufficient capacity to accommodate the discharge and treatment of 
septic haulers serving Eastman. 

The Ad Hoc Septic Committee no longer exists and many of the recommendations from 
the committee are yet to be implemented. 

The Lake Sunapee Watershed Management Plan (Sunapee Area Watershed Coalition 
and Granite State Rural Water Association, 2008) is an example of a regional 
watershed seeking to assess the impacts of septic systems. The 2008 plan noted that 
“work can be done to educate local officials on the importance of separation of waste 
disposal systems from important surface water resources…[and that] it is difficult to 
assess current levels of septic system maintenance in the watershed.” The plan laid out 
the following objectives and strategies regarding septic systems. 
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Objective        Strategy 

Ensure that septic systems do no 
pollute groundwater or surface water 
 

Educate watershed residents and 
businesses about septic system 
maintenance and use. Develop an 
education and outreach program about the 
proper use and maintenance of septic 
systems. 
 

Gather information about septic 
systems located within 250 feet of Lake 
Sunapee 
 

Conduct a septic system survey to collect 
information about system age, type, 
location, size, maintenance etc. 

Develop stronger controls for 
installation of new systems or 
replacement of systems 
 

Improve siting and technology where 
possible. Tie system replacement to building 
permits and require post-construction 
inspections and certification. Create 
minimum setbacks from surface water (125 
feet) 
 

Ensure that adequate resources are 
available to repair/replace systems in 
cases of economic hardship 
 

Develop a finance program for cases of 
economic hardship which enable residents 
to fix or replace failing systems 

The Lake Sunapee plan developed in 2008, and implemented since, provides useful 
lessons learned and financial estimates of implementation for further investigation. 

Continuously-improve ECA dust control practices 
The following practices are currently observed, and should be updated with new best 
management practices. Ensure good crown in driving surface, shoulder drainage, and 
that no standing water is present prior to application. Loosen a minimum of one to two 
inches of existing road surface and maintain a uniform depth across. Do not compact 
the surface at all prior to application. Frequently check that equipment is calibrated 
correctly. Check the weather prior to application. Avoid application if it is raining or rain 
is likely within 48 hours. Enforce traffic stops and detours for up to two hours after 
application. Treat one side of the road at a time. Keep a log of the applications, noting 
date, weather, and amount of CaCl2 applied. 
 
Continuously-improve coordination between ECA committees on issues in 
sensitive areas 
There are several committees within Eastman with somewhat overlapping (rightfully-so) 
missions. For example, one committee manages requests to cut trees, another 
committee is responsible for managing factors that could affect lakes and streams (such 
as erosion from forestry activities). Using this case as an example, the first committee 
could publish standards for harvesting plans, which other committees could comment 



 
 2020 Eastman Lake Watershed Management Plan 76 | Page 

on in order to incorporate their concerns before an application for harvesting is 
submitted. For the purpose of exploring the example, assume the first committee 
proposes the following minimum standards: 

A written landowner-logger contract exists. The contract includes clauses for clean-up, 
erosion control, project monitoring (e.g., catch issues early on in harvest, weather 
shutdowns), and the loggers on site are supervised by a person with specific 
credentials. 

The minimum standards could be sent to all committee chairs, who could then have a 
specified amount of time to propose modifications. In this case, perhaps the feedback 
from other committees is that there is a need to ensure that there are adequate water 
bars and cross drains on trails/roads when complete, and that seeding should not be 
with certain grass varieties. The first committee can incorporate the feedback and send 
a revised draft out for review. If the first committee does not have the expertise to 
determine whether the plan adequately addresses cross drains, then they can request 
assistance from the appropriate committee(s). 

The benefit of this approach is that the rules are set in advance, and all committees 
have a chance to provide input into the rules. Therefore, on particular projects, as long 
as committees follow the rules established for themselves in advance, procedural 
conflict is limited. 

 

Continuously-evaluate the long-term water quality monitoring strategy 
Every year, ECA staff and the relevant committees should review the water quality 
monitoring strategy and either validate the current strategy or propose a modification. 
The review should be timed such that proper coordination can occur appropriately in the 
fiscal planning cycle. 

Pike Hydro (2018) evaluated water quality data around Eastman Lake. Monitoring sites 
were divided into seven regions. Figure 27 (from Pike Hydro, 2018) shows the 
monitoring sites in each water quality region, the parameters measured at each site, 
scatterplots of all available chloride and specific conductance data at each site from 
1987-2017, and maps showing the maximum and median measurements values for all 
sites. The seven regions include Southeastern Eastman Lake, Southwestern Eastman 
Lake, Upper Stony Brook Watershed, Lower Stony Brook Watershed, North Eastman 
Lake, North Cove Watershed, and Western Eastman Lake. 
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Figure 27. Eastman Lake Water Quality Regions. 
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Based on previous studies and stakeholder input, the monitoring plan below outlines the 
core monitoring locations and the parameters to be measured at those locations. It may 
be appropriate to sample at additional locations for various reasons, but the core sites 
and parameters that follow, form the backbone of the Eastman Lake watershed 
monitoring plan. Compared to present sampling, this plan recommends sampling more 
frequently, but at fewer monitoring sites. The selection of sites is driven by site 
representativeness of a region, the period of record for a site, the importance of the site 
related to nearby recreation areas, and the accessibility of the site. 

Southeastern Eastman Lake 
Chloride concentration and conductivity sampling during the summer when streamflow 
is low to moderate at EASGTMD (Figure 27) and EASGTMO (just south of the extent of 
Figure 27 at the dam). Over the years, other sites have been sampled, however, these 
identified sites are considered the most representative of the region, and/or have the 
most data. Therefore, these sites are the highest priority and make up the core of the 
monitoring plan. 

Southwestern Eastman Lake 
Chloride concentration and conductivity sampling during the summer when streamflow 
is low to moderate at EASGTMP5 (Figure 27) and EASGTMP7 (Figure 27). The 
chloride and conductivity at these sites are currently measured only during snow melt 
season and after heavy rains. It is recommended to also make measurements during 
low flow for comparison, as long as a clean sample can be obtained during the low flow. 
Over the years, other sites have been sampled, however, these identified sites are 
considered the most representative of the region, and/or have the most data. Therefore, 
these sites are the highest priority and make up the core of the monitoring plan. 

Upper Stony Brook Watershed 
Chloride concentration and conductivity sampling during the summer when streamflow 
is low to moderate at EASGTMSBRL (Figure 27) and EASGTMSB (Figure 27). Jim 
Lantz, a trained volunteer has been meticulously and consistently measuring 
conductivity multiple times per month for more than a year. The data are stored in a 
spreadsheet, updated periodically, and plots are occasionally sent to the Eastman 
maintenance team. Over the years, other sites have been sampled, however, these 
identified sites are considered the most representative of the region, and/or have the 
most data. Therefore, these sites are the highest priority and make up the core of the 
monitoring plan. 

The Eastman Community Association will install one fixed station (measuring water 
temperature, depth, and conductivity) in Stony Brook below the confluence with 
Butternut Brook and upstream of Mill Pond. A good location option may be at the 
existing Stony Brook at the Robin Lane site. Eastman Community Association resident 
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Jim Lantz has been collecting water quality data in this region for many months, and 
having this continuous record, coupled with his periodic sampling data, will provide 
useful insights. 

Based on the weekly water quality observations at consistent locations in Stony Brook 
over the course of more than one year by Eastman Community Association resident Jim 
Lantz, turbidity in the Mill Pond watershed is not correlated with streamflow. Instead, it is 
correlated with water temperature. Consequently, monitoring temperature of water 
exiting Grass Pond provides a good predictor of turbidity in Mill Pond. Jim’s 
observations indicate that Butternut Brook significantly dilutes turbidity and conductivity 
in Stony Brook. Coarse sediment, on the other hand, is largely sourced from 
downstream of the Butternut Brook-Stony Brook confluence. Jim intends to continue 
monitoring water quality and recording his observations. The Eastman Community 
Association will create a shared folder where residents can upload data, photos, videos, 
or other information about the watershed. Access to this shared online folder and the 
organization of the folder will be managed by the Eastman Community Association 
Chief Maintenance Officer. 

Lower Stony Brook Watershed 
Chloride concentration and conductivity sampling during the summer when streamflow 
is low to moderate at EASGTM19 (Figure 27) and EASGTM2 (Figure 27). Over the 
years, other sites have been sampled, however, these identified sites are considered 
the most representative of the region, and/or have the most data. Therefore, these sites 
are the highest priority and make up the core of the monitoring plan. 

North Eastman Lake 
Chloride concentration and conductivity sampling during the summer when streamflow 
is low to moderate at EASGTM5 (Figure 27) and EASGTM6 (Figure 27). Currently, 
conductivity and Chloride are measured during spring snow melt and then in June, July, 
August and September. Over the years, other sites have been sampled, however, these 
identified sites are considered the most representative of the region, and/or have the 
most data. Therefore, these sites are the highest priority and make up the core of the 
monitoring plan. 

North Cove Watershed 
Ideally, it would be helpful to measure Chloride concentration and conductivity during 
the summer when streamflow is low to moderate at EASGTM10 (Figure 27) and 
EASGTM7 (Figure 27). However, the streamflow is limited in the area. Consequently, 
Chloride and Conductivity are tested at Tamari and West Cove Brook only during spring 
snow melt. Over the years, other sites have been sampled, however, these identified 
sites are considered the most representative of the region, and/or have the most data. 
Therefore, these sites are the highest priority and make up the core of the monitoring 
plan. If conditions allow collecting a clean sample at times other than during spring 
snow melt, it would be helpful to sample at EASGTM10 and EASGTM7. 
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Western Eastman Lake. 
Chloride concentration and conductivity sampling during the summer when streamflow 
is low to moderate at EASGTMAPD (Figure 27) and EASGTM15 (Figure 27). Over the 
years, other sites have been sampled, however, these identified sites are considered 
the most representative of the region, and/or have the most data. Therefore, these sites 
are the highest priority and make up the core of the monitoring plan. 

Deep Spot 
Trained volunteers go out to the Eastman Lake’s deepest spot, known as the deep spot, 
in June, July, August and September for sampling. The sampling team may add May 
and October if access allows. Sampling includes Chlorophyll A, Chloride, Conductivity, 
Total Phosphorus, Transparency, Apparent Color, Turbidity, pH, and Dissolved Oxygen 
as well as temperature in the Epilimnion, Metalimnion, and Hypolimnion. 

Public Beaches 
Samples of E.coli are collected in July, August and September at each of the public 
beaches. 

Invasive Species 
Louise Lascher and Betty Kargacos are two Eastman Community Association residents 
who lead the “Weed Watchers” group. This group has a monitoring program that 
identifies any instances of aquatic invasive species, primarily plants, although the Weed 
Watchers are on the lookout for animal species in an around Eastman Lake as well. 
Louise Lascher has been involved in the effort for 10+ years. Currently the Weed 
Watchers includes 16-18 members. The Weed Watchers begin each season with a 
group meeting to get organized and conduct refresher training. They also inform the 
group of any updates or changes to the program.  

Each member of the Weed Watchers is assigned an area of the shoreline, preferably 
the same one each year, to regularly inspect throughout the summer season. The team 
assigns two individuals to each area in order to cover time away, injury or illness during 
the season.  Inspections of the entire lake and shoreline usually begin in late June when 
plants are emerging and continue every two weeks until mid-September when plants die 
back for the winter. The monitoring program follows best practices of the New 
Hampshire Department of Environmental Services Aquatic Invasive Species division 
including: plant identification training, procedures for reporting of suspicious findings, 
educating the community, and acting as a backstop to the Lake Host Program, which 
inspects boats for invasive species as part of the “Clean, Drain, Dry” effort. 

The Weed Watcher program has been cited by New Hampshire Department of 
Environmental Services as a model for other lake associations to consider. To-date, the 
Eastman Lake shoreline has no known infestations of invasive species such as milfoil, 
fan wort, or others. The Weed Watchers have not been tasked with invasive species 
monitoring and management on land. The Eastman Lakes and Streams committee is 
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tasked with addressing on-land invasive species, such as phragmites or purple 
loosestrife.  

Sedimentation/beach erosion 
The Eastman Community Association maintenance team monitors sedimentation in 
each of the major ditches throughout the year. After large storms, each primary ditch 
and swale is checked for characteristics that could affect performance. Where site 
conditions allow, ditches are seeded and mowed, as necessary. In steep ditches prone 
to erosion, the ditches are lined with stone. In the ditches with the most erosional power, 
the stone-lined ditches also have check dams. These check dams fill with sediment and 
are checked after each major storm. When needed, the sediment trapped at the check 
dams is dug out by hand or with machinery. The Eastman Community Association 
added engineered structures to slow water and trap sediment before it enters two 
separate cove beaches. In summary, the ECA maintenance team is proactive and 
diligent in their efforts to continuously monitor and manage sediment within the ECA 
boundaries. 

Stony Brook, along with supplying the majority of water to Eastman Lake, also supplies 
a significant amount of sediment. Mill Pond dam decreases the velocity of Stony Brook 
such that much of the sediment is deposited in Mill Pond. Pike Hydro (2018) 
documents, quantifies, and forecasts sediment deposition in Mill Pond. The approach 
uses aerial/satellite imagery to monitor the visible sand bars, and compares the volume 
of sediment to the known aerial extent and quantity removed via dredging several years 
ago. By monitoring the visible sand bars, the Eastman Community Association will be 
able to anticipate when dredging might be appropriate. 

Cyanobacteria 
The Eastman Community Association currently does not measure cyanobacteria 
because there have been no blooms for many years. This is something that can be 
added, as needed, but it is not a high priority currently. 

ECA roadway maintenance chemicals 
The Eastman Community Association follows the protocols of the Green SnowPro 
program. This involves documenting the date, time, individual driver’s name, air 
temperature and road surface temperature in order to calibrate the most appropriate 
application of de-icing chemicals. The program is updated annually based on research 
data, and the maintenance team is re-trained by the Green SnowPro program annually. 

 

South Cove Activity Center de-icing strategy 
The South Cove Activity Center is located at the signature beach. Drainage off the 
parking lot and walkways drains into the confined beach area. The parking lot sits at an 
elevation above the front doors of the South Cove Activity Center. A lane used to drop 
off visitors traverses down the hill from the level of the parking lot to the front door. This 
is a high foot-traffic area, so keeping it ice-free is a top priority. With the proximity of this 
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area to the waterfront, the de-icing chemicals are a concern. To-date, water quality tests 
have not indicated a problem, however, it may take years or decades for past de-icing 
applications to pass through the groundwater into the lake. Consequently, waiting until 
indications of poor water are measured would mean that stopping the use of de-icers 
may not be effective for years or decades after stopping the application. One solution to 
this issue would be to heat a walkway and/or close the drop-off loop during the winter 
months.   

 

Sewer line extension feasibility study 
Septic systems in some of the most critical areas were installed around the same time 
and are nearing the end of their design lives. Rather than homeowners replacing 
individual systems, it may be cost advantageous and environmentally beneficial to 
expand the current ECA-managed sewer lines and not replace the septic systems. A 
feasibility study would be able to quantify the impact on the existing sewer system 
infrastructure, estimate the cost for the expansion, compute pollutant load reduction, 
and incorporate homeowner feedback. Ideally this process happens before 
homeowners in critical areas spend tens of thousands of dollars on new septic systems. 

 

Water softener standards for ECA homeowners in sensitive areas 
Similar to the Eastman Community Association Ad Hoc Septic Committee, it would be 
helpful to have guidelines and standards for water softener use, maintenance and 
replacement.  
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Chapter 4: Summary of design and implementation program 

DEVELOP A PROJECT SCHEDULE 
The Gantt chart on the following page is broken down into the 14 management 
measures noted below and discussed in the previous chapters of the watershed 
management plan. 

1. New or Improved ECA standards will be solicited 
a. Forestry concerns in sensitive watershed areas 
b. Septic system installation and maintenance in sensitive/at risk watershed 

areas 
c. Water softener installation and maintenance in sensitive watershed areas 
d. Sand and salt application in sensitive watershed areas 

2. Monitoring plan will be enacted in-line with long-term modeling needs 
3. Data storage system will be implemented to manage and store watershed data 
4. Stony Brook hayfield stabilization 
5. Schedule and prioritize ditch, creek and brook sediment clean-out 
6. Establish standards for ECA homeowners regarding de-icing and driveway 

design in sensitive areas 
7. Continuously-improve ECA de-icing practices 
8. Establish standards for ECA homeowners regarding septic system maintenance 

in sensitive areas 
9. Continuously-improve ECA dust control practices 
10. Continuously-improve coordination between ECA committees on issues in 

sensitive areas 
11. Continuously-evaluate the long-term water quality monitoring strategy 
12. Define South Cove Activity Center de-icing strategy 
13. Conduct a sewer line extension feasibility study for sensitive area parcels 
14. Establish water softener standards for ECA homeowners in sensitive areas
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2019/2020 Watershed Management Plan Project Schedule 

 

Managemen
t   2020       2021       2022-2030   

Measure 
Jan-
Mar Apr-Jun Jul-Sep 

Oct-
Dec 

Jan-
Mar Apr-Jun Jul-Sep 

Oct-
Dec 

Jan-
Mar Apr-Jun Jul-Sep 

Oct-
Dec 

1                         
2                         
3                         
4                         
5                         
6                         
7                         
8                         
9                         
10                         
11                         
12                         
13                         
14                         

                          
  In progress                     
  Completed for the budgeting year                 
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DESCRIBE THE INTERIM, MEASURABLE MILESTONES 
The interim and measurable milestones are broken down into the 14 recommended 
management measures. 
 

1. New or Improved ECA standards will be solicited 
a. Forestry concerns in sensitive watershed areas 
b. Septic system installation and maintenance in sensitive/at risk watershed 

areas 
c. Water softener installation and maintenance in sensitive watershed areas 
d. Sand and salt application in sensitive watershed areas 

Milestones: Draft proposed policies for each item submitted for feedback from 
individuals and groups outside of the primary committee by September 30, 2020. 
 

2. Monitoring plan will be enacted in-line with long-term modeling needs 
Milestones: Stony Brook monitoring station installed by May 31, 2020. First round of 
data uploaded to the online database by September 30, 2020.  
 

3. Data storage system will be implemented to manage and store watershed data 
Milestone: First round of data uploaded to the online database by September 30, 2020.  
 

4. Stony Brook hayfield stabilization 
Milestones: Hayfield stabilization strategy coordinated with landowner by September 30, 
2020. Restoration project complete by August 31, 2021. 

5. Schedule and prioritize drainage ditch and swale sediment clean-out 
Milestone: Ongoing, and in-line with budget cycle due by December 31. 

 
6. Establish standards for ECA homeowners regarding de-icing and driveway 

design in sensitive areas 
Milestones: Draft policy submitted for the necessary reviews by June 30, 2021. Policy in 
place by September 30, 2021. 
 

7. Continuously-improve ECA de-icing practices 
Milestone: Ongoing, and in-line with budget cycle due by December 31. 
 

8. Establish standards for ECA homeowners regarding septic system maintenance 
in sensitive areas 

Milestones: Draft of standards provided for review by the appropriate entities by January 
31, 2022. Standards approved by June 30, 2022. 
 

9. Continuously-improve ECA dust control practices 
Milestone: Ongoing, and in-line with budget cycle due by December 31. 
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10. Continuously-improve coordination between ECA committees on issues in 
sensitive areas 

Milestone: Ongoing, and in-line with budget cycle due by December 31. 
 

11. Continuously-evaluate the long-term water quality monitoring strategy 
Milestone: Ongoing, and in-line with budget cycle due by December 31. 
 

12. Define South Cove Activity Center de-icing strategy 
Milestone: Proposed strategy provided to vendors by May 1, 2020. Quotes reviewed by 
June 30, 2020. Corresponding budget request by December 31, 2020. 
 

13. Conduct a sewer line extension feasibility study for sensitive area parcels 
Milestone: Write the scope of work and submit for bid by April 30, 2021. Make 
corresponding budget request by December 31, 2021. 
 

14. Establish water softener standards for ECA homeowners in sensitive areas 
Milestones: Draft standards submitted for the necessary reviews by June 30, 2021. 
Standards in place by December 31, 2021. 

 

IDENTIFY INDICATORS TO MEASURE PROGRESS 
The indicators of progress are broken down into the 14 recommended management 
measures. 
 

1. New or Improved ECA standards will be solicited 
a. Forestry concerns in sensitive watershed areas 
b. Septic system installation and maintenance in sensitive/at risk watershed 

areas 
c. Water softener installation and maintenance in sensitive watershed areas 
d. Sand and salt application in sensitive watershed areas 

Progress Indicators: Fewer conflicts between committees, greater committee member 
satisfaction, improved standards 
 

2. Monitoring plan will be enacted in-line with long-term modeling needs 
Progress Indicators: Fewer conflicts between committees (measured by complaints to 
the General Manager), greater committee member satisfaction (measured by committee 
member surveys), more complete data records (measured by comparing sampling 
results each year to the sampling plan), and data will be sufficient to run a water quality 
model capable of hindcasting nutrient and chloride concentrations with a level of 
uncertainty on par with other regional watersheds. 
 

3. Data storage system will be implemented to manage and store watershed data 
Progress Indicators: Greater interest from citizen scientists and interest in the relevant 
Eastman committees 
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4. Stony Brook hayfield stabilization 

Progress Indicators: Decrease in the sedimentation rate in Mill Pond, as measured 
annually by areal imagery of the sediment plume. Decrease in the frequency with which 
Mill Pond is dredged. 
 

5. Schedule and prioritize drainage ditch and swale sediment clean-out 
Progress Indicators: Absence of muddy beaches, clearer lake water. 
 

6. Establish standards for ECA homeowners regarding de-icing and driveway 
design in sensitive areas 

Progress Indicators: Decreased levels of lake, pond and stream conductivity in locations 
affected by homeowners 
 

7. Continuously-improve ECA de-icing practices 
Progress Indicators: Decreased levels of lake, pond and stream conductivity in locations 
affected by ECA-managed roads 
 

8. Establish standards for ECA homeowners regarding septic system maintenance 
in sensitive areas 

Progress Indicators: Decreased levels of lake, pond and stream conductivity in locations 
affected by homeowners 
 

9. Continuously-improve ECA dust control practices 
Progress Indicators: Decreased levels of lake, pond and stream conductivity in locations 
affected by ECA-managed roads 
 

10. Continuously-improve coordination between ECA committees on issues in 
sensitive areas 

Progress Indicators: Fewer conflicts between committees, greater committee member 
satisfaction, improved approaches 
 

11. Continuously-evaluate the long-term water quality monitoring strategy 
Progress Indicators: Numerical models can simulate the desired processes and inform 
management decisions 
 

12. Define South Cove Activity Center de-icing strategy 
Progress Indicators: Decreased levels of conductivity in the South Cove waterfront area  
 

13. Conduct a sewer line extension feasibility study for sensitive area parcels 
Progress Indicators: Increased resident awareness and support for the corresponding 
budgetary implications 
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14. Establish water softener standards for ECA homeowners in sensitive areas 
Progress Indicators: Decreased levels of lake, pond and stream conductivity in locations 
affected by homeowners 

DEVELOP A MONITORING COMPONENT 
Continue the existing monitoring strategy, add continuous monitoring of temperature, 
water depth and conductivity in Stony Brook. Store new continuous data in the New 
Hampshire Department of Environmental Services, Environmental Monitoring Database. 

DEVELOP AN INFORMATION/EDUCATION COMPONENT 
Create brochures on septic systems, reducing erosion and sedimentation, and de-icing. 
Have a community-wide forum discussing the 2019/2020 Watershed Management Plan. 

DEVELOP EVALUATION PROCESS 
For the next five years, timed to fit within the annual budgeting process, each of the 14 
identified management measures is assigned to a person, position, or committee. This 
responsible party documents the schedule, milestones, educational components, and 
technical/financial resources used to address their area of responsibility. This 
information is incorporated into the assessment of future needs. 

ESTIMATE TECHNICAL AND FINANCIAL ASSISTANCE AND THE 
RELEVANT AUTHORITIES NEEDED TO IMPLEMENT THE PLAN 
The technical and financial assistance and the relevant authorities needed to implement 
the plan broken down by the 14 recommended management measures. 

1. New or Improved ECA standards will be solicited 
a. Forestry concerns in sensitive watershed areas 
b. Septic system installation and maintenance in sensitive/at risk watershed 

areas 
c. Water softener installation and maintenance in sensitive watershed areas 
d. Sand and salt application in sensitive watershed areas 

Technical, financial, relevant authorities needed: existing resources are adequate 
 

2. Monitoring plan will be enacted in-line with long-term modeling needs 
Technical, financial, relevant authorities needed: existing resources are adequate, with 
the exception of the continuous monitoring in Stony Brook. The cost for this continuous 
monitoring is estimated to be approximately $5,500 for the first year and $300 each 
subsequent year. 
 

3. Data storage system will be implemented to manage and store watershed data 
Technical, financial, relevant authorities needed: existing resources are adequate 
 

4. Stony Brook hayfield stabilization 
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Technical, financial, relevant authorities needed: this will require a wide range of 
coordination and an engineering design. The high impact of the project makes it a prime 
candidate for federal and/or state cost-sharing. With 1,020 feet or streambank, the cost 
is estimated to be approximately $50,000-$75,000. The timing and outcome of the 
stabilization will affect the dredging frequency required to retain Mill Pond as a 
functional sediment filter for Eastman Lake.  
 

5. Schedule and prioritize ditch sediment clean-out 
Technical, financial, relevant authorities needed: existing resources are adequate 
 

6. Establish standards for ECA homeowners regarding de-icing and driveway 
design in sensitive areas 

Technical, financial, relevant authorities needed: existing resources are adequate 
 

7. Continuously-improve ECA de-icing practices 
Technical, financial, relevant authorities needed: existing resources are adequate 
 

8. Establish standards for ECA homeowners regarding septic system maintenance 
in sensitive areas 

Technical, financial, relevant authorities needed: once item 13 is completed, existing 
resources are adequate 
 

9. Continuously-improve ECA dust control practices 
Technical, financial, relevant authorities needed: existing resources are adequate 
 

10. Continuously-improve coordination between ECA committees on issues in 
sensitive areas 

Technical, financial, relevant authorities needed: existing resources are adequate 
 

11. Continuously-evaluate the long-term water quality monitoring strategy 
Technical, financial, relevant authorities needed: existing resources are adequate 
 

12. Define South Cove Activity Center de-icing strategy 
Technical, financial, relevant authorities needed: defining the strategy requires vendors 
to bid the scope of work. The vendor costs would need to be included in the subsequent 
budget cycle. 
 

13. Conduct a sewer line extension feasibility study for sensitive area parcels 
Technical, financial, relevant authorities needed: the study should quantify the impact of 
septic systems and water softeners that would be replaced, and then estimate the cost 
to replace them with sewer lines. A consultant is needed. Depending on the scope of 
work, the study would likely be more than $5,000, but less than $20,000  
 

14. Establish water softener standards for ECA homeowners in sensitive areas 
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Technical, financial, relevant authorities needed: A consultant is needed to compute 
load reductions, write the standard and develop and implementation plan. The scope of 
work is approximately $5,000. 

ASSIGN RESPONSIBILITY OF REVIEWING AND REVISING THE PLAN 
The Eastman Community Association General Manager is responsible for (likely 
through delegation) reviewing and revising the plan.  
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Chapter 5: Watershed Survey and In-Lake Modeling Addendum 
As part of the development of this watershed plan, a draft of the plan was submitted to 
the New Hampshire Department of Environmental Services and comments were 
solicited. Comments received from NHDES focused on the need for additional 
assessment of pollutant source areas and the corresponding in-lake response from 
management activities. In order to respond to these comments a supplemental 
investigation was commissioned to provide a watershed survey, BMP identification, 
BMP modeling & prioritization, and an in-lake response model using the Lake Loading 
Response Model (LLRM). Based on this supplemental study completed, several 
additional recommendations have been developed and presented to maintain water 
quality in Eastman Lake. The full supplemental report is provided in Appendix III. 
Additional recommendations are reiterated here: 

The following specific and general recommendations are offered for Eastman Lake 
based on the review of the current water quality data and this lake model update. 

1. To evaluate the ecological condition of the lake and evaluate progress in load 
reduction, monitoring for total phosphorus, Secchi transparency and chlorophyll a 
as a part of the NH VLAP Program and total phosphorus in the deep spot and on 
tributaries where applicable, should be continued for the foreseeable future.  
 

2. Consideration should be made to evaluate flow into Eastman Lake via the major 
tributaries.  This can be accomplished through installation of staff gages and 
development of calibration curves for each gage.  This will allow calculation of 
phosphorus loads from each tributary when tributary total phosphorus 
concentrations are combined with flow data. 
 

3. Continued effort should be made to document stratification and accumulation of 
hypolimnetic phosphorus in Eastman Lake.   
 

4. Spring overturn sampling for phosphorus may better approximate the annual 
average phosphorus concentration in Eastman Pond than summer 
measurements. 
 

5. Continue aggressive watershed management efforts including but not limited to: 
● Maintain and expand vegetated buffers around the lake to slow runoff and 

take up nutrients. 
● Maintain and upgrade septic systems.  Where possible, move them further 

from the lake. 
● Do not use fertilizers or detergents/soaps that contain phosphorus. 
● Encourage infiltration/treatment of runoff from developed land surfaces 

including rooftops, roads, parking areas, and landscaped areas. 
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Infiltration/treatment allows phosphorus to be captured by soil particles while 
water returns to the lake as groundwater. 

● Continue protection of the as much as possible of the watershed in a natural 
state. Because the watershed is small, disturbance could have immediate, 
adverse impacts to the lake. Consider permanent watershed protection 
through conservation easements or other permanent protection over the 
portions of the watershed that are not currently under conservation. 

● Discourage waterfowl from using nearshore areas by not providing food or 
allowing egress from the lake to lawn areas by using natural buffers or 
barriers/deterrents. 

● Properly dispose of all pet waste away from the lake. 
 

6. Any future major changes proposed in the watershed such as development, 
changes in drainage, or logging should be evaluated in terms of their potential to 
influence lake water quality.  The updated LLRM model developed as a part of 
this project can be readily adapted to evaluate any major watershed change. 
 

7. Incorporate new water quality, land cover, septic or sediment data into LLRM as 
it becomes available.  At a minimum, the model should be updated every 5 
years. 
 

8. Evaluation of the limited historic water quality data suggests that while there have 
been episodes of poorer water quality throughout the time period, most of the 
time water quality supported the designated uses of Eastman Lake.   A goal that 
includes supporting designated uses all of the time is a worthy one to pursue.  
Reaching that goal will require a commitment to watershed management as well 
as water quality monitoring. 
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Appendix I. Monitoring station quote Jess Trout-Haney/Dartmouth 
College. 
 

Cost estimate to build, program and install two conductivity monitoring stations by Jess 
Trout-Haney and her Dartmouth College colleagues. 
 

Item Vendor Cost - 
each 

Number Total 

Solar power cables Voltaic Systems $4  2 $8.00  
Solar panel brackets Voltaic Systems $9  2 $18.00  
Shipping Voltaic Systems $7.61  1 $7.61  
   Subtotal $33.61  
Solar Panels Adafruit 

Industries 
$39  2 $78.00  

Lithium battery pack Adafruit 
Industries 

$19.95  2 $39.90  

Solar panel cable Adafruit 
Industries 

$0.75  12 $9.00  

Lithium coin cell battery Adafruit 
Industries 

$0.95  2 $1.90  

Shipping Adafruit 
Industries 

$10.18  1 $10.18  

   Subtotal $138.98  
Sandisk Memory Card Amazon $9.39  2 $18.78  
Pelican case Amazon $30.95  2 $61.90  
Mayfly Data Logger Board Amazon $60.00  2 $120.00  
   Subtotal $200.68  
Conductivity/water temp 
sensor 

Meter Group $198.00  2 $396.00  

Shipping Meter Group $12.26  1 $12.26  
   Subtotal $408.26  
U-Bolts McMaster-Carr $4.30  2 $8.60  
Mounting Plate McMaster-Carr $2.88  2 $5.76  
Hose Clamps McMaster-Carr $1.61  2 $3.22  
Cotter Pin McMaster-Carr $0.57  2 $1.14  
Washers McMaster-Carr $10.82  0.5 $5.41  
Screws McMaster-Carr $10.59  0.5 $5.30  
Locknuts McMaster-Carr $4.91  0.5 $2.46  
Shipping McMaster-Carr $7.33  0.5 $3.67  
   Subtotal $35.55  
Large cable glands McMaster Carr $9.09  2 $18.18  
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Small Cable glands McMaster-Carr $4.03  2 $8.06  
Shipping McMaster-Carr $6.92  0 $0.00  
   Subtotal $26.24  
PVC Pipe Home Depot $2.71  1 $2.71  
Stake Home Depot $5.75  2 $11.50  
Zip ties Home Depot $3.78  1 $3.78  
Steel Pipe Home Depot $16.62  2 $33.24  
Steel Pipe Caps Home Depot $2.76  2 $5.52  
Small Hose Clamps Home Depot $1.10  2 $2.20  
  Parts Subtotal $58.95  
   Parts Total $902.27  
   Per Station $451.13  
  Labor Labor Total $ 1,000 
   Grand Total $ 1,902  

 
  
 
The subsequent pages include vendor quotes from In-situ and Campbell Scientific for 
one station monitoring water depth, temperature and conductivity.
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Appendix II. August 23, 2019 sampling data. 
 

Table A1. YSI multiparameter data from five locations on Eastman Lake on 23 August 2019. These raw data were used in the Lake 
Water Quality Assessment: Part I Multipoint General Water Quality Assessment. 

Site 
Depth 

(m) 
Temp 
(oC) 

Chl a 
(µg L-1) 

Conductivity 
(µS cm-1) 

Dissolved 
oxygen 

(%) 

Total 
dissolved 

solids 
(mg L-1) pH Pigment 

Pigment 
concentration 

(µg L-1) 
Deep 6.9 14.6 0.1 218.1 6.5 140.0 9.7 Phycoerythrin 6.4 
Deep 6.9 14.5 0.1 218.1 6.2 140.0 9.7 Phycoerythrin 5.8 
Deep 7.0 14.3 0.1 217.8 6.1 139.0 9.7 Phycoerythrin 6.0 
Deep 7.0 14.2 0.1 218.8 5.9 140.0 9.8 Phycoerythrin 6.1 
Deep 7.1 14.0 0.1 220.0 5.8 141.0 9.8 Phycoerythrin 6.2 
Deep 7.1 13.9 0.1 220.6 5.7 141.0 9.8 Phycoerythrin 6.9 
Deep 7.2 13.7 0.1 220.7 5.6 141.0 9.8 Phycoerythrin 7.1 
Deep 7.3 13.4 0.2 223.1 5.6 143.0 9.8 Phycoerythrin 10.9 
Deep 7.3 13.3 0.2 223.7 5.6 143.0 9.8 Phycoerythrin 11.7 
Deep 7.3 13.1 0.3 224.9 5.6 144.0 9.8 Phycoerythrin 12.7 
Deep 7.3 13.3 0.3 224.7 5.6 144.0 9.8 Phycoerythrin 11.5 
Deep 7.4 13.0 0.2 225.4 5.5 144.0 9.8 Phycoerythrin 9.8 
Deep 7.5 12.7 0.2 226.0 5.4 144.0 9.8 Phycoerythrin 11.3 
Deep 7.5 12.5 0.3 228.8 5.3 146.0 9.8 Phycoerythrin 11.3 
Deep 7.5 12.4 0.3 229.8 5.1 147.0 9.8 Phycoerythrin 13.7 
Deep 7.6 12.1 0.3 232.1 4.9 148.0 9.8 Phycoerythrin 16.1 
Deep 7.6 11.9 0.4 231.4 4.8 148.0 9.8 Phycoerythrin 14.0 
Deep 7.6 11.7 0.3 234.2 4.6 150.0 9.8 Phycoerythrin 12.3 
Deep 7.7 11.7 0.3 234.4 4.5 150.0 9.8 Phycoerythrin 9.6 
Deep 7.7 11.7 0.3 235.3 4.4 150.0 9.8 Phycoerythrin 12.2 
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Deep 7.8 11.7 0.3 234.6 4.4 150.0 9.8 Phycoerythrin 7.7 
Deep 7.8 11.6 0.2 235.7 4.3 151.0 9.7 Phycoerythrin 9.7 
Deep 7.8 11.6 0.2 236.9 4.3 151.0 9.7 Phycoerythrin 7.1 
Deep 7.8 11.5 0.2 238.6 4.2 152.0 9.7 Phycoerythrin 7.3 
Deep 7.9 11.4 0.1 239.6 4.2 153.0 9.7 Phycoerythrin 6.8 
Deep 7.9 11.4 0.2 237.5 4.2 152.0 9.6 Phycoerythrin 6.2 
Deep 7.9 11.4 0.1 237.8 4.1 152.0 9.6 Phycoerythrin 5.6 
Deep 7.9 11.4 0.1 237.7 4.1 152.0 9.6 Phycoerythrin 6.9 
Deep 7.9 11.3 0.2 238.4 4.0 152.0 9.6 Phycoerythrin 6.4 
Deep 8.0 11.3 0.2 237.1 4.0 151.0 9.5 Phycoerythrin 5.6 
Deep 8.0 11.3 0.1 238.4 3.9 152.0 9.5 Phycoerythrin 5.8 
Deep 8.0 11.3 0.1 239.7 3.9 153.0 9.5 Phycoerythrin 5.9 
Deep 8.0 11.3 0.2 241.6 3.9 154.0 9.4 Phycoerythrin 6.3 
Deep 8.0 11.3 0.1 242.6 3.9 155.0 9.4 Phycoerythrin 5.4 
Deep 8.0 11.3 0.1 241.8 3.9 154.0 9.4 Phycoerythrin 6.1 
Deep 8.0 11.3 0.1 243.6 3.9 156.0 9.3 Phycoerythrin 5.9 
Deep 8.1 11.3 0.1 243.9 3.8 156.0 9.3 Phycoerythrin 7.2 
Deep 8.1 11.2 0.1 244.8 3.8 156.0 9.3 Phycoerythrin 6.1 
Deep 8.1 11.2 0.1 245.0 3.8 156.0 9.3 Phycoerythrin 7.1 
Deep 8.1 11.2 0.2 244.4 3.8 156.0 9.2 Phycoerythrin 5.3 
Deep 8.2 11.1 0.1 244.6 3.8 156.0 9.2 Phycoerythrin 5.6 
Deep 8.2 11.1 0.1 245.4 3.7 157.0 9.2 Phycoerythrin 6.3 
Deep 8.2 11.1 0.1 245.4 3.7 157.0 9.2 Phycoerythrin 5.0 
Deep 8.2 11.1 0.1 246.7 3.7 158.0 9.2 Phycoerythrin 4.9 
Deep 8.3 11.0 0.1 248.9 3.7 159.0 9.1 Phycoerythrin 4.7 
Deep 8.3 10.9 0.1 252.7 3.7 161.0 9.1 Phycoerythrin 4.6 
Deep 8.4 10.8 0.2 255.4 3.7 163.0 9.1 Phycoerythrin 8.0 
Deep 8.4 10.8 0.5 257.0 3.7 164.0 9.1 Phycoerythrin 21.1 
Deep 8.4 10.8 0.7 258.2 3.6 165.0 9.1 Phycoerythrin 24.8 
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Deep 8.5 10.8 0.3 262.8 3.6 168.0 9.0 Phycoerythrin 22.4 
Deep 8.5 10.7 0.1 279.1 3.6 178.0 9.0 Phycoerythrin 13.4 
Deep 8.5 10.6 0.1 287.9 3.6 184.0 8.9 Phycoerythrin 12.5 
Deep 8.5 10.6 0.1 293.6 3.6 188.0 8.9 Phycoerythrin 11.7 
Deep 8.5 10.5 0.1 295.9 3.5 189.0 8.9 Phycoerythrin 12.7 
Deep 8.5 10.7 0.1 275.7 3.3 176.0 8.6 Phycoerythrin 23.9 
Deep 8.5 10.7 0.1 280.3 3.3 179.0 8.5 Phycoerythrin 19.2 
Deep 8.6 10.6 0.1 284.5 3.3 182.0 8.5 Phycoerythrin 16.6 
Deep 8.6 10.6 0.0 288.5 3.3 184.0 8.5 Phycoerythrin 16.1 
Deep 8.6 10.6 0.1 292.2 3.3 187.0 8.5 Phycoerythrin 13.5 
Deep 8.6 10.5 0.1 295.2 3.2 189.0 8.5 Phycoerythrin 12.9 
Deep 8.6 10.5 0.1 296.1 3.2 189.0 8.5 Phycoerythrin 13.5 
Deep 8.6 10.5 0.0 297.1 3.2 190.0 8.5 Phycoerythrin 15.0 
Deep 8.6 10.4 0.0 298.1 3.2 190.0 8.5 Phycoerythrin 15.4 
Deep 8.6 10.4 0.0 297.9 3.2 190.0 8.5 Phycoerythrin 15.8 
Deep 8.7 10.4 0.0 297.5 3.2 190.0 8.5 Phycoerythrin 15.5 
Deep 8.7 10.4 0.1 297.4 3.2 190.0 8.5 Phycoerythrin 16.4 
Deep 8.7 10.4 0.1 297.2 3.2 190.0 8.5 Phycoerythrin 15.9 
Deep 8.7 10.4 0.1 298.1 3.2 190.0 8.5 Phycoerythrin 14.6 
Deep 8.7 10.4 0.1 298.4 3.2 191.0 8.5 Phycoerythrin 14.6 
Deep 8.7 10.4 0.1 298.8 3.2 191.0 8.5 Phycoerythrin 12.0 
Deep 8.7 10.4 0.1 300.4 3.2 192.0 8.5 Phycoerythrin 14.9 
Deep 8.7 10.5 0.1 298.8 3.2 191.0 8.5 Phycoerythrin 14.1 

South beach 0.3 24.3 0.0 213.9 101.6 139.0 11.5 Phycoerythrin 3.3 
South beach 0.3 24.3 0.1 214.1 101.7 139.0 11.4 Phycoerythrin 3.2 
South beach 0.3 24.3 0.0 214.0 101.7 139.0 11.4 Phycoerythrin 3.0 
South beach 0.3 24.3 0.0 214.3 101.7 139.0 11.3 Phycoerythrin 3.1 
South beach 0.3 24.4 0.1 213.5 101.7 139.0 11.3 Phycoerythrin 3.2 
South beach 0.3 24.4 0.1 213.5 101.7 139.0 11.2 Phycoerythrin 3.3 
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South beach 0.4 24.4 0.0 214.0 101.7 139.0 11.2 Phycoerythrin 3.5 
South beach 0.4 24.4 0.0 215.0 101.7 140.0 11.2 Phycoerythrin 3.5 
South beach 0.4 24.4 0.0 215.2 101.7 140.0 11.1 Phycoerythrin 3.4 
South beach 0.6 24.4 0.1 214.2 101.8 139.0 11.1 Phycoerythrin 3.0 
South beach 0.6 24.4 0.0 213.8 101.8 139.0 11.1 Phycoerythrin 2.9 
South beach 0.6 24.4 0.0 213.6 101.8 139.0 11.0 Phycoerythrin 3.4 
South beach 0.6 24.4 0.1 214.6 101.7 139.0 11.0 Phycoerythrin 3.2 
South beach 0.6 24.4 0.0 214.1 101.7 139.0 10.9 Phycoerythrin 3.0 
South beach 0.7 24.4 0.1 213.9 101.8 139.0 10.9 Phycoerythrin 3.1 
South beach 0.8 24.4 0.1 213.4 101.6 139.0 10.9 Phycoerythrin 3.1 
South beach 0.8 24.4 0.1 213.7 101.6 139.0 10.9 Phycoerythrin 3.4 
South beach 0.9 24.4 0.1 213.9 101.7 139.0 10.8 Phycoerythrin 3.6 
South beach 0.9 24.4 0.0 213.9 101.6 139.0 10.8 Phycoerythrin 3.3 
South beach 1.0 24.4 0.0 214.3 101.6 139.0 10.8 Phycoerythrin 3.4 
South beach 1.0 24.4 0.1 213.6 101.7 139.0 10.8 Phycoerythrin 3.9 
South beach 1.1 24.4 0.1 214.0 101.7 139.0 10.7 Phycoerythrin 3.7 
South beach 1.2 24.4 0.1 213.7 101.8 139.0 10.7 Phycoerythrin 3.6 
South beach 1.3 24.4 0.1 214.1 101.7 139.0 10.7 Phycoerythrin 3.3 
South beach 1.4 24.4 0.1 214.4 101.7 139.0 10.7 Phycoerythrin 4.1 
South beach 1.4 24.3 0.1 214.0 101.6 139.0 10.6 Phycoerythrin 3.7 
South beach 1.5 24.3 0.1 213.0 101.6 138.0 10.6 Phycoerythrin 4.0 
South beach 1.6 24.3 0.1 214.2 101.6 139.0 10.6 Phycoerythrin 3.6 
South beach 1.7 24.3 0.1 214.5 101.6 139.0 10.6 Phycoerythrin 3.9 
South beach 1.8 24.3 0.1 214.5 101.7 139.0 10.6 Phycoerythrin 3.6 
South beach 1.8 24.3 0.1 213.9 101.7 139.0 10.5 Phycoerythrin 4.1 
South beach 2.0 24.3 0.1 214.2 101.6 139.0 10.5 Phycoerythrin 4.6 
South beach 2.1 24.3 0.1 214.3 101.5 139.0 10.5 Phycoerythrin 3.7 
South beach 2.4 24.3 0.1 215.1 101.6 140.0 10.5 Phycoerythrin 4.2 
South beach 2.5 24.3 0.1 214.5 101.6 139.0 10.5 Phycoerythrin 3.8 
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South beach 2.6 24.3 0.1 213.7 101.6 139.0 10.4 Phycoerythrin 3.9 
South beach 2.8 24.3 0.1 214.0 101.5 139.0 10.4 Phycoerythrin 3.8 
South beach 2.9 24.3 0.1 214.7 101.5 139.0 10.4 Phycoerythrin 3.7 
South beach 3.0 24.3 0.1 214.4 101.5 139.0 10.4 Phycoerythrin 4.3 
South beach 3.0 24.3 0.1 214.7 101.5 139.0 10.4 Phycoerythrin 3.8 
South beach 3.1 24.3 0.1 214.3 101.5 139.0 10.4 Phycoerythrin 3.9 
South beach 3.1 24.3 0.1 214.3 101.6 139.0 10.4 Phycoerythrin 4.3 
South beach 3.2 24.4 0.1 215.0 101.6 140.0 10.3 Phycoerythrin 4.2 
South beach 3.2 24.4 0.1 215.2 101.6 140.0 10.3 Phycoerythrin 4.2 
South beach 3.2 24.4 0.1 214.5 101.6 139.0 10.3 Phycoerythrin 3.8 
South beach 3.2 24.4 0.1 214.4 101.6 139.0 10.3 Phycoerythrin 3.9 
South beach 3.3 24.4 0.1 214.5 101.5 139.0 10.3 Phycoerythrin 3.8 
South beach 3.4 24.3 0.1 215.5 101.5 140.0 10.3 Phycoerythrin 3.4 
South beach 3.4 24.3 0.1 214.8 101.5 139.0 10.3 Phycoerythrin 3.8 
South beach 3.4 24.3 0.1 214.6 101.5 139.0 10.3 Phycoerythrin 4.1 
South beach 3.4 24.3 0.1 214.1 101.4 139.0 10.3 Phycoerythrin 3.7 
South beach 3.4 24.3 0.1 214.7 101.4 139.0 10.2 Phycoerythrin 3.9 
South beach 3.5 24.3 0.1 214.9 101.4 140.0 10.2 Phycoerythrin 3.5 
South beach 3.6 24.3 0.1 214.3 101.4 139.0 10.2 Phycoerythrin 3.8 
South beach 3.7 24.3 0.1 214.2 101.5 139.0 10.2 Phycoerythrin 3.7 
South beach 3.9 24.3 0.1 213.7 101.5 139.0 10.2 Phycoerythrin 4.6 
South beach 4.0 24.3 0.1 214.9 101.5 139.0 10.2 Phycoerythrin 3.4 
South beach 4.1 24.3 0.1 215.0 101.4 140.0 10.2 Phycoerythrin 4.3 
South beach 4.1 24.3 0.1 214.4 101.4 139.0 10.2 Phycoerythrin 4.0 
South beach 4.2 24.3 0.1 214.4 101.3 139.0 10.2 Phycoerythrin 3.6 
South beach 4.3 24.3 0.1 215.4 101.3 140.0 10.2 Phycoerythrin 4.1 
South beach 4.3 24.3 0.1 214.9 101.3 139.0 10.2 Phycoerythrin 3.8 
South beach 4.4 24.3 0.1 214.7 101.4 139.0 10.1 Phycoerythrin 3.6 
South beach 4.6 24.3 0.1 214.3 101.4 139.0 10.1 Phycoerythrin 3.9 
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South beach 4.7 24.3 0.1 214.1 101.4 139.0 10.1 Phycoerythrin 4.3 
South beach 4.8 24.3 0.1 214.7 101.4 139.0 10.1 Phycoerythrin 4.1 
South beach 4.9 24.3 0.1 214.7 101.4 139.0 10.1 Phycoerythrin 3.7 
South beach 4.9 24.3 0.1 214.4 101.3 139.0 10.1 Phycoerythrin 3.3 
South beach 4.9 24.3 0.1 214.5 101.4 139.0 10.1 Phycoerythrin 4.6 
South beach 5.0 24.3 0.1 215.3 101.3 140.0 10.1 Phycoerythrin 3.2 
South beach 5.0 24.3 0.1 215.2 101.3 140.0 10.1 Phycoerythrin 4.2 
South beach 5.1 24.3 0.0 214.7 101.3 139.0 10.1 Phycoerythrin 3.6 
South beach 5.2 24.3 0.1 214.7 101.4 139.0 10.1 Phycoerythrin 7.7 
South beach 5.2 24.3 0.6 215.1 101.2 140.0 10.1 Phycoerythrin 31.3 
South beach 5.3 24.3 0.7 214.5 99.9 139.0 10.1 Phycoerythrin 24.9 
South beach 5.3 24.3 0.9 214.6 98.7 139.0 10.1 Phycoerythrin 14.5 
South beach 5.3 24.3 0.4 214.7 98.1 139.0 10.1 Phycoerythrin 10.0 
South beach 5.4 24.3 0.5 215.0 98.6 140.0 10.1 Phycoerythrin 13.3 
South beach 5.4 24.3 0.7 215.8 97.9 140.0 10.0 Phycoerythrin 15.5 
South beach 5.4 24.3 0.7 215.3 96.7 140.0 10.0 Phycoerythrin 14.4 
South beach 5.4 24.3 0.6 214.6 94.7 139.0 10.0 Phycoerythrin 28.0 
South beach 5.4 24.3 0.8 215.0 92.5 140.0 10.0 Phycoerythrin 26.1 

South beach cove 0.3 24.8 0.0 218.2 105.8 142.0 10.2 Phycoerythrin 3.0 
South beach cove 0.3 24.8 0.0 217.8 105.8 142.0 10.2 Phycoerythrin 3.3 
South beach cove 0.3 24.8 0.0 218.1 105.7 142.0 10.2 Phycoerythrin 2.9 
South beach cove 0.3 24.8 0.0 217.4 105.7 141.0 10.2 Phycoerythrin 3.4 
South beach cove 0.3 24.8 0.0 217.8 105.6 141.0 10.2 Phycoerythrin 3.0 
South beach cove 0.3 24.8 0.0 217.7 105.6 141.0 10.2 Phycoerythrin 2.6 
South beach cove 0.3 24.8 0.0 218.0 105.6 142.0 10.2 Phycoerythrin 2.9 
South beach cove 0.3 24.8 0.0 218.3 105.6 142.0 10.2 Phycoerythrin 3.2 
South beach cove 0.3 24.8 0.0 217.5 105.6 141.0 10.2 Phycoerythrin 3.0 
South beach cove 0.3 24.8 0.0 218.0 105.6 142.0 10.2 Phycoerythrin 3.2 
South beach cove 0.3 24.8 0.0 217.5 105.6 141.0 10.1 Phycoerythrin 3.3 
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South beach cove 0.4 24.8 0.1 217.6 105.6 141.0 10.1 Phycoerythrin 2.6 
South beach cove 0.4 24.8 0.0 218.8 105.6 142.0 10.1 Phycoerythrin 3.2 
South beach cove 0.4 24.8 0.0 217.8 105.5 141.0 10.1 Phycoerythrin 3.2 
South beach cove 0.5 24.7 0.0 218.4 105.5 142.0 10.1 Phycoerythrin 4.0 
South beach cove 0.5 24.7 0.1 218.0 105.5 142.0 10.1 Phycoerythrin 3.0 
South beach cove 0.6 24.7 0.1 217.5 105.4 141.0 10.1 Phycoerythrin 3.5 
South beach cove 0.6 24.7 0.1 218.4 105.5 142.0 10.1 Phycoerythrin 3.5 
South beach cove 0.6 24.7 0.1 218.2 105.5 142.0 10.1 Phycoerythrin 3.8 
South beach cove 0.7 24.8 0.1 218.2 105.5 142.0 10.1 Phycoerythrin 4.3 
South beach cove 0.7 24.8 0.1 217.7 105.5 141.0 10.1 Phycoerythrin 3.2 
South beach cove 0.7 24.8 0.1 218.5 105.6 142.0 10.1 Phycoerythrin 4.1 
South beach cove 0.7 24.8 0.0 217.9 105.6 142.0 10.1 Phycoerythrin 4.0 
South beach cove 0.8 24.7 0.1 218.5 105.5 142.0 10.1 Phycoerythrin 3.9 
South beach cove 0.8 24.7 0.1 218.0 105.4 142.0 10.1 Phycoerythrin 3.1 
South beach cove 0.9 24.7 0.1 218.1 105.4 142.0 10.1 Phycoerythrin 4.4 
South beach cove 0.9 24.7 0.1 219.2 105.4 142.0 10.1 Phycoerythrin 4.0 
South beach cove 0.9 24.7 0.0 218.3 105.3 142.0 10.1 Phycoerythrin 3.6 
South beach cove 0.9 24.7 0.0 218.3 105.3 142.0 10.1 Phycoerythrin 3.3 
South beach cove 1.0 24.7 0.1 217.7 105.2 141.0 10.1 Phycoerythrin 3.7 
South beach cove 1.0 24.7 0.1 218.9 105.2 142.0 10.1 Phycoerythrin 4.0 
South beach cove 1.0 24.7 0.1 218.7 105.1 142.0 10.1 Phycoerythrin 3.4 
South beach cove 1.1 24.7 0.1 218.9 105.1 142.0 10.0 Phycoerythrin 4.1 
South beach cove 1.2 24.7 0.1 218.5 105.2 142.0 10.0 Phycoerythrin 3.7 
South beach cove 1.2 24.7 0.1 218.3 105.1 142.0 10.0 Phycoerythrin 5.3 
South beach cove 1.3 24.7 0.1 219.0 105.1 142.0 10.0 Phycoerythrin 3.9 
South beach cove 1.3 24.7 0.1 219.1 105.1 142.0 10.0 Phycoerythrin 3.8 
South beach cove 1.4 24.7 0.1 218.9 105.1 142.0 10.0 Phycoerythrin 3.7 
South beach cove 1.4 24.7 0.1 218.6 105.0 142.0 10.0 Phycoerythrin 3.6 
South beach cove 1.4 24.7 0.1 218.8 105.0 142.0 10.0 Phycoerythrin 4.1 
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South beach cove 1.4 24.7 0.1 219.4 105.2 143.0 10.0 Phycoerythrin 4.2 
South beach cove 1.5 24.7 0.1 219.5 105.0 143.0 10.0 Phycoerythrin 3.8 
South beach cove 1.5 24.7 0.1 218.5 104.9 142.0 10.0 Phycoerythrin 4.1 
South beach cove 1.5 24.7 0.1 218.1 104.8 142.0 10.0 Phycoerythrin 4.3 
South beach cove 1.6 24.7 0.1 219.5 104.8 143.0 10.0 Phycoerythrin 3.8 
South beach cove 1.6 24.7 0.1 219.2 104.8 142.0 10.0 Phycoerythrin 3.5 
South beach cove 1.6 24.7 0.1 218.3 104.8 142.0 10.0 Phycoerythrin 4.0 
South beach cove 1.6 24.7 0.1 218.4 104.8 142.0 10.0 Phycoerythrin 4.5 
South beach cove 1.6 24.7 0.1 220.2 104.9 143.0 10.0 Phycoerythrin 4.1 
South beach cove 1.7 24.6 0.1 219.8 105.0 143.0 10.0 Phycoerythrin 3.6 
South beach cove 1.7 24.7 0.1 219.4 104.9 143.0 10.0 Phycoerythrin 3.8 
South beach cove 1.8 24.6 0.1 219.6 104.6 143.0 10.0 Phycoerythrin 3.5 
South beach cove 1.8 24.5 0.0 222.1 104.3 144.0 10.0 Phycoerythrin 3.4 
South beach cove 1.8 24.4 0.1 224.6 103.7 146.0 10.0 Phycoerythrin 4.4 
South beach cove 1.8 24.4 0.1 226.1 103.1 147.0 10.0 Phycoerythrin 3.8 
South beach cove 1.9 24.3 0.1 228.0 102.3 148.0 10.0 Phycoerythrin 3.3 
South beach cove 1.9 24.2 0.1 236.6 101.7 154.0 10.0 Phycoerythrin 3.2 
South beach cove 2.0 24.3 0.1 238.3 100.9 155.0 10.0 Phycoerythrin 3.3 
South beach cove 2.0 24.2 0.3 240.6 100.0 156.0 10.0 Phycoerythrin 3.7 
South beach cove 2.1 24.2 0.1 241.6 99.3 157.0 10.0 Phycoerythrin 4.6 
South beach cove 2.1 24.2 0.1 243.6 97.9 158.0 9.9 Phycoerythrin 3.9 
South beach cove 2.1 24.2 0.0 251.8 95.7 163.0 9.9 Phycoerythrin 3.4 
South beach cove 2.1 24.1 0.0 258.6 92.8 168.0 9.9 Phycoerythrin 3.5 
South beach cove 2.2 24.1 0.0 263.1 88.7 171.0 9.9 Phycoerythrin 4.3 
South beach cove 2.2 24.1 0.1 268.1 84.6 174.0 9.9 Phycoerythrin 8.8 
South beach cove 2.2 24.1 0.1 269.2 80.9 175.0 9.9 Phycoerythrin 4.1 
South beach cove 2.2 24.1 0.1 269.2 78.4 175.0 9.9 Phycoerythrin 3.9 
South beach cove 2.2 24.1 0.1 269.4 77.0 175.0 9.9 Phycoerythrin 7.4 

North 0.3 24.2 0.0 210.0 96.3 136.0 9.2 Phycocyanin 0.8 
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North 0.3 24.2 0.0 209.4 96.3 136.0 9.2 Phycocyanin 0.1 
North 0.3 24.2 0.1 210.4 96.2 137.0 9.2 Phycocyanin 0.7 
North 0.3 24.2 0.0 210.5 96.2 137.0 9.2 Phycocyanin 0.3 
North 0.3 24.1 0.0 209.9 96.3 136.0 9.2 Phycocyanin 1.0 
North 0.3 24.1 0.1 210.3 96.2 136.0 9.2 Phycocyanin 0.5 
North 0.3 24.1 0.1 210.7 96.2 137.0 9.2 Phycocyanin 0.6 
North 0.3 24.1 0.0 210.3 96.3 136.0 9.2 Phycocyanin 0.5 
North 0.3 24.2 0.1 210.3 96.3 136.0 9.2 Phycocyanin 0.3 
North 0.3 24.2 0.0 210.5 96.3 137.0 9.2 Phycocyanin 0.7 
North 0.3 24.2 0.0 209.4 96.3 136.0 9.2 Phycocyanin 0.8 
North 0.3 24.2 0.0 210.4 96.3 137.0 9.2 Phycocyanin 0.5 
North 0.3 24.2 0.0 209.8 96.3 136.0 9.2 Phycocyanin 0.7 
North 0.3 24.2 0.0 210.1 96.3 136.0 9.2 Phycocyanin 1.0 
North 0.3 24.2 0.0 209.6 96.3 136.0 9.2 Phycocyanin 0.6 
North 0.3 24.2 0.0 210.5 96.3 137.0 9.2 Phycocyanin 0.5 
North 0.3 24.2 0.0 210.0 96.4 136.0 9.2 Phycocyanin 0.7 
North 0.3 24.2 0.0 209.7 96.3 136.0 9.2 Phycocyanin 0.8 
North 0.3 24.2 0.0 210.8 96.3 137.0 9.2 Phycocyanin 0.8 
North 0.3 24.2 0.1 209.2 96.3 136.0 9.2 Phycocyanin 0.5 
North 0.3 24.2 0.1 209.4 96.3 136.0 9.2 Phycocyanin 0.9 
North 0.3 24.2 0.0 210.1 96.3 136.0 9.2 Phycocyanin 1.0 
North 0.3 24.2 0.1 210.8 96.3 137.0 9.2 Phycocyanin 0.8 
North 0.3 24.2 0.1 210.3 96.3 136.0 9.2 Phycocyanin 1.0 
North 0.3 24.2 0.1 210.2 96.3 136.0 9.2 Phycocyanin 0.4 
North 0.3 24.2 0.0 210.4 96.3 137.0 9.2 Phycocyanin 0.7 
North 0.3 24.2 0.1 209.8 96.3 136.0 9.2 Phycocyanin 0.7 
North 0.4 24.2 0.1 210.7 96.3 137.0 9.2 Phycocyanin 0.5 
North 0.4 24.2 0.1 210.7 96.3 137.0 9.2 Phycocyanin 0.6 
North 0.4 24.2 0.0 210.0 96.3 136.0 9.2 Phycocyanin 0.5 
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North 0.4 24.2 0.0 210.0 96.3 136.0 9.2 Phycocyanin 0.9 
North 0.4 24.2 0.0 210.5 96.3 137.0 9.2 Phycocyanin 0.9 
North 0.4 24.2 0.1 209.8 96.3 136.0 9.2 Phycocyanin 0.4 
North 0.4 24.2 0.1 210.2 96.3 136.0 9.2 Phycocyanin 0.6 
North 0.4 24.2 0.0 210.8 96.3 137.0 9.2 Phycocyanin 0.8 
North 0.4 24.2 0.0 209.9 96.3 136.0 9.2 Phycocyanin 0.5 
North 0.5 24.2 0.1 210.4 96.3 137.0 9.2 Phycocyanin 0.6 
North 0.5 24.2 0.1 210.2 96.3 136.0 9.2 Phycocyanin 0.4 
North 0.5 24.2 0.1 209.9 96.3 136.0 9.2 Phycocyanin 0.8 
North 0.5 24.2 0.1 209.7 96.3 136.0 9.2 Phycocyanin 1.2 
North 0.5 24.2 0.0 210.0 96.3 136.0 9.2 Phycocyanin 0.8 
North 0.5 24.2 0.0 210.3 96.3 136.0 9.2 Phycocyanin 0.6 
North 0.5 24.2 0.0 210.0 96.3 136.0 9.2 Phycocyanin 0.5 
North 0.5 24.2 0.0 210.8 96.2 137.0 9.2 Phycocyanin 0.5 
North 0.6 24.2 0.1 211.0 96.2 137.0 9.2 Phycocyanin 0.5 
North 0.6 24.2 0.0 209.9 96.3 136.0 9.2 Phycocyanin 0.7 
North 0.6 24.2 0.1 210.3 96.3 136.0 9.2 Phycocyanin 0.8 
North 0.6 24.2 0.1 210.4 96.2 137.0 9.2 Phycocyanin 0.9 
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Table A2. Microcystin concentrations (ng L-1) in the upper two meters of water from four sites 
on Eastman Lake collected on 23 August 2019. NA represents a sample bottle that cracked and 
the sample contaminated. These raw data were used in the Lake Water Quality Assessment: Part 
II Cyanobacterial Assessment. 

Site Replicate 

Microcystin 
concentration 

(ng L-1) 
Deep 1 23.1 
Deep 2 0.0 
Deep 3 28.2 
North 1 26.8 
North 2 30.6 
North 3 NA 
South Beach 1 0.0 
South Beach 2 0.0 
South Beach 3 23.4 
West 1 0.0 
West 1 0.0 
West 2 0.0 
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Table A3. Microcystin concentration (ng g-1 dry weight) in phytoplankton and zooplankton from 
Eastman Lake collected on 23 August 2019. Plankton were collected using two tows of a 
Wisconsin net (>50 µm) and separated into phytoplankton and zooplankton using a Pocket 
ZAPPRTM. These raw data were used in the Lake Water Quality Assessment: Part II 
Cyanobacterial Assessment. 

Type Site 

Microcystin 
concentration 

(ng g-1 dw) 
Phytoplankton Deep 87.4343 
Phytoplankton North 350.884 
Phytoplankton South Beach 176.742 
Phytoplankton West 259.621 
Zooplankton Deep 189.376 
Zooplankton North 274.846 
Zooplankton South Beach 1743.86 
Zooplankton West 253.858 
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Appendix III. Watershed Survey and In-Lake Modeling Addendum 
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