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EXECUTIVE SUMMARY

According to the 303(d) New Hampshire List of Impaired Waldessh, Jones, and Downing Ponds are impaired for primary
contact recreation due to elevated levels of cyanobacteria hepatotoxic microcystins. Toxic cyanobacteria blooms are often
indicative of enhanced nutrient loading, particularly phosphorus, from paource (PS) and nonpoint source (NPS) pollution
such as stormwater runoff from developed and agricultural land uses. In this case, point source discharges from the Powder
Mill State Fish Hatchery are estimated to contrib(842kg P/yr 67% of the total I@d) to the river as it flows into Marsh Pond.
Local groups and town officials are working with state and federal agencies to set an appropriate phosphorus load discharge
limit for the Powder Mill State Fish Hatcherthis permitted limit will dictate the ahievable inrpond concentrations for Marsh,
Jones, and Downing Ponds, and thus, the water quality goals described herein should be considered prelirBielkany.
Downing Pond and in Alton, the Merrymeeting River flows through the Merrymeeting Marsh Wilalitgement Area where
Coffin Brook, which serves as prime habitat for bridle shiners and wild brook trout, joins the Merrymeeting River. Cafiin Bro
has been identified as a major source of phosphotoad to the MerrymeetingRiver Mill Pond in Altorwas also listed as
impaired for aquatic life usedue to elevated levels of cyanobacteria based on assessmentapleted during the plan
development process

Even with a substantial reduction in the phosphorus load discharged from Blosvder Mill State Fish Hatcherjegacy
phosphorus in anoxic sediment will continue to generate an internal phosphorus load to the ponds and unmitigated sources
of pollution (i.e, phosphorus) will likely increase as development or other human activities in the watershed increase (e.qg.,
conversion of small, seasonal properties to large, yeannd homes).The buildout analysis for the watershed showed that
about 11,653 acrearestill developable and up to 3,762 new buildings could be added to the watershed at full-builthased

on current zoning standardsAs a result of anticipated new developmentn &ncrease inn-pond phosphorus concentration

as well asassociatedcyanobacteria andalgae growth will contribute to dissolved oxygen depletion as algal cells and other
organic matter sink, die, and decompose the ponds, stimulating further internal phosphorus loadingdf is therefore
important to takeproactive steps to mange and treafpollutants entering surface waters from existing and futyyellution
sourcesin the Merrymeeting River and.ake watershed These actions will ensureontinued ecosystem health and
recreational enjoyment byurrent andfuture generations.

While the Merrymeeting River (and its ponds) suffer from excess phosphorus loading, Merrymeeting Lake is one of the clearest
lakes in New Hampshire and supports a thriving population of coldwater fish, including-lackled salmon and rainbow

trout that are sbcked by thePowder Mill State Fish Hatcher€yanobacteria microcystin levels are very low and no invasive
aquatic plants have been foundihe lake, howeveris threatened by existing and future development (including the two
roads circling the lake within 100 feet of the shorelinklghspeed boatingthat aggravates shoreline erosion, defective
culverts, andtimber harvesting(a large operationwvas undertakenon the southern side of the lakeps a large headwater
source to the Merrymeeting River, preserving the excellent water quality of Merrymeeting Lake will be crucial to sustaining
downstream water quality improvements, including the economically vital LakeWiesaukee to which the Merrymeeting

River flows.

The Merrymeeting River and La¥é@atershed Management Plgorovides a roadmap for
improving the water quality of surface waters within the Merrymeeting River and Lake
watershed and a mechanism for procugrfunding (e.g., Section 319 grants) to secure actions
needed to achieve the water quality goal. USEPA requires timite&elementwatershed plan
(or an acceptable alternative plan) be created so that communities become eligible for
watershed assistancergnts.

As part of the development of this plan, a buibdit analysis, water quality and assimilative capacity analysis, and
shoreline/watershed surveys wemmnducted (Section 3). Results of these efforts were used to run alaednodel, or Lake
Loading Response Model (LLRM), that estimated the-development current, and projectedfuture amount of total
phosphorus being delivered to the lak@onds, and rivefrom the watershed (Section 3.3). An Action Plan (Section 5.2) with
associated timeframes, responsiblparties, and estimated costs was developed based on feedback from community
members that attended the public forum in August 20B8watershed survey dhe entire watershed and a shoreline survey
of Merrymeeting Lake only were completed in 2048/enty-eight (78) pollutant sites and 285 high to medium impact rated
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shoreline properties were identified and prioritized for remediation (refer to SectioraBb5.2) Completing the action items

set forth in the Action Plan (5.2) will help achieve the water quality goal and objectives determined by the watershed
community. Management strategies for achieving the water quality goal and objectives involve wsiogmbination of
structural and nonstructural BMPgsuch as ordinance revisions that better protect water qualitgs well as an adaptive
management approachthat allows for regular updates to the plainefer to Section 4).

The success of this plan iggdendent on the continued effort of volunteers, and a strong and diverse steering committee (like
the one established for plan development) that meets regularly to coordinate resources for implementation, review progress,
and make any necessary adjustmertis the plan to maintain relevant action items and interim benchmarks. Measurable
milestones (number of BMP sites, volunteers, funding received, etc.) should be tracked by a steering committee and reported
to NHDES on a regular basis.

A reduction in nutrient loading is no easy task, and because there are many diffuse sources of phosphorus reachuag,the
lake, and pondsfrom existing residential development, roads, septic systems, and other land uses in the watershed, it will
require an integrated and adaptive approach across many different parts of the watershed community to be successful.
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28 ppb TP) WaterbDodies PEr NHDES.........coo ittt ettt e et e e e s e e et et e e ek b e e e e anbb e e e s sabeeanbeeeeanreas 19

Figure 32. Average dissolved oxygen and temperature profiles of the deep spot of Merrymeeting Lake, Marsh Pond, Jones
Pond, and Downing Pond. Error bars represent standard deviation or spread of the data at each depth interval. Vertical red
lines denote dissolved oxygen thresholds for Class B Aquatic Life Use at 5 ppm and probability of internal phosphorus
ToF=To [T oo =10 A o] o] 0 1 VOO TP URPOUPPP P 20

Figure 33.Median total phosphors concentrations by month and by depth zone (surface, epilimnion, and
metalimnion/hypolimnion) for Merrymeeting Lake, Marsh Pond, Jones Pond, and Downing Pond. Note differeneadsn y
scales for total phosphorus for each waterbody. Significant intedoalding was evident at Marsh and Jones Ponds....21

Figure 34.Cumulative frequency distribution plot of total phosphorus data collected in New Hampshire rivers 1990

2018 (shown as blue line). Data represent 32,422 samples from 710 assessment units that had 10 more samples. Plot
obtained from NHDES. The statewide median total phosphorus concentration in rivers is 14 ppb (red line), with 5 ppb (teal
line), 9 pb (long dashed grey line), 22 ppb (short dashed grey line), and 50 ppb (orange line) representifig 288 35",

aNd 98" PEICENLIES, FESPECHIVEIY. .. .. e iiiiee et erete ettt et e st e st erame e e steesseesseesseeesseenenseesseeaseeeneeaneeeneeemnnnsesneeanneansens 23

Figure3-5. Conceptual diagram that illustrates the major flow paths through the Merrymeeting River and Lake watershed.
Because of the hydrologic complexity of the watershed, the watershed was split into five separate but sequential r2@dels.

Figure 36. Total phosphorus (TP) load (kg/yr) by source (atmospheric, internal loading, waterfowl, septic systems,
watershed load) for Model 1 (Merrymeeting Lakdodel 2 (Marsh Pond), Model 3 (Jones Pond), Model 4 (Downing Pond),
and Model 5 (Coffin Brook/Merrymeeting RIVEr iN AILORN)...........ooiiiiiiii e e e e e e e e e e e e e e e 28

Figure 37.[TOP]Modeled total phosphorus concentrations for pigevelopment, current, and future conditions with the
average annual load (2012018) from the Powder Mill State Fish Hatchery unchanfi@@TTOM]Modeled total

phosphorus concentrations for prelevelopment,current, and future conditions with the average annual load from the
Powder Mill State Fish Hatchery removed. Dotted lines represent phosphorus concentration thresholds for each trophic
class, which apply to lakes and ponds and NOL L0 MVEIS........oiuiiii ittt eeene e eanneees 31

Figure 38. Average monthly flow volume discharged by the Powder Mill State Fish Hatchery (Outfalls #1 and #2), estimated
monthly flow volume discharged directly from Merryrating Lake (norhatchery outflow), and average monthly

Merrymeeting Lake surface elevation (data obtained from Merrymeeting Lake Association). Negatibatobery outflow
estimates from JulySeptember suggest that both the hatchery and evaporation extrmore water than what is
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LIST OF ABBREVIATIONS

ACRONYM  DEFINITION

ALU Aquatic Life Use

ARM Aquatic Resourcéitigation fund

BMP Best Management Practices

CALM Consolidated Assessment & Listing Methodology
CHLA Chlorophylta

CWA Clean Water Act

CWSRLF Clean Water State Revolving Loan Fund

DASH Diver Assisted Suction Harvesting

DO DissolvedOxygen

EMD Environmental Monitoring Database

FBE FB Environmental Associates

HWG Horsley Witten Group

LCHIP Land and Community Heritage Investment Program
LID Low Impact Development

LLMP Lakes Lay Monitoring Program

LLRM Lake LoadindResponse Model

LWA Lake Winnipesaukee Association

MMLA Merrymeeting Lake Association

NCEI National Centers for Environmental Information
NH GRANIT New Hampshire Geographically Referenced Analysis and Information Transfer System
NHD NationalHydrography Dataset

NHDES New Hampshire Department of Environmental Services
NHDOT New Hampshire Department of Transportation
NHFGD New Hampshire Fish and Game Department
NPS Nonpoint Source Pollution

NWI National Wetlands Inventory

PCR Primary Contact Recreation

PMSFH Powder Mill State Fish Hatchery

ppb, ppm parts per billion, parts per million

PS Point Source Pollution

SCC State Conservation Committee

SDT Secchi Disk Transparency

TP Total Phosphorus

UNH University of NewHampshire

USEPA United States Environmental Protection Agency
VLAP Volunteer Lake Assessment Program

FBEnvironmental Associates



MERRYMEETING RISERKBNVATERSHED MANAGEMENT PLAN

DEFINITIONS

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

Anoxiais a condition of low dissolved oxygen.

Areal water loadis a term used to describetjex U6 @6 U% (| 82 ¢é 2 @82 ¢éE@¢ | O] 02 UG | «
surface area.

Assimilative CapacityEé | O] 02 gé «| & «Edp oU é2«2E02 | @® @&éU«2é&é @060
harming aquatic life.

Best Management Practies (BMPspare conservation practices designed to minimize discharge of NPS pollution from
developed land to lakes and streams. Management plans should include bothstarttural (norrengineered) and
structural (engineered) BMPs for existing and new depeient to ensure longerm restoration success.

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

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

Clean Water Act (CWAEquires states to establish water quality standards and conduct assessmengsisure that
surface waters are clean enough to support human and ecological needs.

Cyanobacteriaare photosynthetic, nitrogerfixing bacteria that can grow prolifically as blooms when enough nutrients are
available. Some cyanobacteria can produce micretig, which is highly toxic to humans and other life forms.

Dissolved Oxygen (DOjs a measure of the amount of oxygen dissolved in water. Low oxygen can directly Kill or stress
organisms andstimulate release phosphorus from bottom sediments.

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

Eutrophication is theprocess by which lakes become more productive over time (oligotrophic to mesotrophic to
29090éUxeAE«oc O| 02é @|o6é| O0Op ©2 «Ux2 xIdéeéent geblog® GephBwieter, Ué  Z |
humans have enhanced the rate of enrichment and lake productivity, speeding up this natural process to tens or hundreds

of years.

Fall turnover is theprocess of complete lake mixing when cooling surface wategsome denser and sink, especially
during high winds, forcing warmer, lestense water to the surface. This process is critical for the natural exchange of
oxygen and nutrients between surface and bottom layers in the lake.

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

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

Hypolimnion is the bottommost layer of the lake that experiences periods of low oxygen during stratificatiahis devoid
of sunlight for photosynthesis.

Impervious surfacesrefer to any surface that will not allow water to soak into the ground. Examples include paved roads,
driveways, parking lots, and roofs.
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Internal Phosphorus Loadingis the processvhereby phosphorus bound to lake bottom sediments is released back into
the water column during periods of anoxia. The phosphorus can be usdded forplant andalgae growth, creating a
positive feedback to eutrophication.

Low Impact Development (LID)is an alternative approach to conventional site planning, design, and development that
reduces the impacts of stormwater by working with natural hydrology and minimizing land disturbance by treating
stormwater close to the source, and preserving naturalideye systems and open space, among other techniques.

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

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

Oligotrophic lakes are less productive or have less nutrients (i.e., low levels of phosphorus and chloraphytiepSecchi
Disk Transparencyeadings (8 m or greater), and high dissolved oxygen levels throughout the water column. In contrast,
eutrophic lakes have more nutrients and are therefore more productive and exhibit algal blooms more frequently than
oligotrophic lakes.Mesotrophic lakes fall inbetween with an intermediate level of productivity.

pHis the standard measure of the acidity or alkalinity of a solution on a scale of 0 (acidic) to 14 (basic).

Riparian corridor refers to wildlife habitat found along the banks of a lake, river, or strelot. only are these areas
ecologically diverse, but they are also critical to protecting water quality by preventing erosion and filtering polluted
stormwater runoff.

Secchi Disk Transparency (SDTi} a vertical measure of the transparency of water (apitf light to penetrate water)
obtained by lowering a black and white disk into the water until it is no longer visible. Transparency is an indirect measure
of algal productivity and is measured in meters (m).

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

Thermal stratification is the process whereby warming surface temperatures in summer create a temperatureensity
differential that separates the water column into distinct, nanixable layers.

Thermocline or metalimnion is the markedly cooler, dynamic middle layer of rapidly changing water temperature. The top
of this layer is distinguished by at leastlagree Celsius drop per meter of depth.

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

Trophic State is the degree of eutrophication of a lake and is designated as oligotrophic, mesotrophic, or eutrophic.
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© John Gisis

1. INTRODUCTION

1.1 BACKGROUND ARDRPOSE

Located in the Towns of Alton and New Durhaew Hampshire and draining to tleeonomically vitalLake Winnipesaukée
the Merrymeeting Riveand Lake is an important water resourdbat supports an abundance of plants and animals arths
attracted peopleto its watersfor over100 yearsResidents transient boaters, and summer tourists alike enjoy ttier and
O] 02gé é«2@E« ©2 | 60 p Hiwever, the aviér uality ofdthie |MErrymelting: Rigerd severalponds
(Marsh Pond, Jones Pondnd Downing Pond)are listed by the New Hampshire Department of Environmental Services
(NHDES$asimpaired for aquatic life due to the presence tixic cyanobacteria microcystirs, among other degraded water
quality parameters (NHDES, 2@)8In addition, while Merrymeeting Lake currently has excellent water quality (arguably
among the best in New Hampshirdylerrymeeting Lakés threatened by anticipated increases in pollutants from future
development. As a large headwater source to the Merrymeeting Riveserving the excellent water quality of Merrymeeting
Lake will be crucial to sustaining downstream water quality improvemetitss thereforeimportant to take proactive steps
to manage and treapollutants entering surface waters froraxisting and futurgoint and nonpoint source (NPS) pollution

in the Merrymeeting River andlake watershed These actions will ensureontinued ecosystem health and recreational
enjoyment bycurrent andfuture generations.

TheMerrymeeting River andadke Watershed Management Plan is the culmination of a major effort by many individwhts

care about the longterm protection of water quality in thevatershed The plan provides a roadmap usirige United States
3PUEEUDx2 @3 | O _ &U382)nigEdy @lanning tl@meftsTd@ pre@erviagd/or improving water qualityand

a mechanism for acquiring funding for implementation of management actions (e.g., Section 319 grants). USEPA requires that
a watershedplan, or an acceptable alternative planbe created so that communities become eligible for watershed
assistance implementation grants. In addition, this plan sets the stage for ongoing dialogue among key stakeholders in the
community and promotes coordiated action to address future development in the watershed. Plan success is dependent
on the continued effort of volunteersas well asa strong and diverse steering committee that meets regularly to review
progress and make any necessary adjustments te gian.

As part of the development of this plan, laild-out analysis, water quality andassimilative capacity analysis and
shoreline/watershed surveys were conductefigction 3). Results of these efforts were used to run a-laselmodel, or Lake
Loading Response Model (LLRM), that estimated thedmeelopment, current, and projected future amount obtal
phosphorus delivered to theriver andlake from the watershedSection 3.3). An Action Plan (Section 3&h associated

1 A USEPA survey completed in 48fiowed that the Merrymeeting River was the second largest phosphorus and water load among 27 major tributaries to
Lake Winnipesauke (USEPA, 497
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timeframes, responsible parties, and estimated costs was developed based on feedback from community members that
attended the public forum. The forum was designed to provide stakeholders with imédion on the watershed and water
quality of Merrymeeting River and Lake, to solistakeholder input on action items, and to discuss the timing and elements

of the plan.

1.2 STATEMENT OF GOAL

The goal of thévlerrymeeting River and Lak&atershedvianagemen®Plan isto maintain and/orimprove water quality irthe
Merrymeeting River and Lale® that toxic cyanobacteridloomsare eliminated Thegoalswill be achieved by accomplishing
three objectives More detailed action items to achieve these objectias provided in theAction Plan (Section 5.2)

Objective 1:Maintain the excellent water quality of Merrymeeting Lake at 3.5 ppb féake total phosphorus. In
the next 10 years, offset an anticipatadditional load of 16 kg P/yr from new development.

Objective 2: Improve the water quality of Marsh, Jones, and Downing Pddseet an annual and monthly average
of 10 ppb for impond total phosphorus byedudng 293 kg P/yr (78%) from the Powder Mithte Fish Hatchery and
offsetting an anticipated additional load of 14 kg P/yr from new development in the next 10 yeaSormer will be
dependent on state and federal regulatory permit limitsat are currently pending. The latter can bachieved by
implementing lowimpact development regulations on new development and/or implementing stormwater or
septic system improvements to reduce pollution from existing development.

Objective 3: Improve the water quality of the Merrymeeting River agmters Alton Bay to meet an annual and
monthly average of 10 ppb for total phosphorus by reducing 88 kg P/yr from existing development and offsetting an
anticipated additional load of 110 kg P/yr from new development in the next 10 years. This can ieveathy
implementing lowimpact development regulations on new development and/or implementing stormwater or
septic system improvements to reduce pollution from existing development.

1.3 ER, Tb_Tb hRIREELBVMENTSC

USEPA guidance lists nine componethsit are required within a watershed plan to restore waters impaired or likely to be
impaired by NPS pollution. These guidelines highlight important steps in restoring and protecting water quality for any
waterbody affected by human activities. The follawg locates and describes the nine required elements found within this
plan:

A. IDENTIFY CAUSES AND SOURGEStion 3.5highlights known sources of NPS pollutidna Merrymeeting River
and Lakeand describes the results of the watershed asldoreline surveysonducted in 208. These sources of
pollution must be controlled to achieve load reductions estimated in this plan, as discussed in item (B) below.

B. ESTIMATE PHOSPHORUS LOAD REDUCTIONS EXPECTED FROM MANAGEMENT WasagthRIESder (C)
below: Sections 3.5 and 4.1.1describe the calculation of pollutant load tMerrymeeting River andake and the
amount of reduction needed to meet the water quality go8lection 4 describes how estimated phosphorus load
reductions toMerrymeeting River and Lal@n be net using specific management measures, includistguctural
Best Management Practices (BMP<pr existing developmentnon-structural BMPs for future development, and
anadaptive management approach.

C. DESCRIPTION OF MANAGEMENT MEASU®&Sions 4 and 5.2 identify ways to achieve the estimated
phosphorus load reduction and reach water quality targets. The Action Plan focuses on six major topic areas that
address NPS pollution, includingvater quality monitoring, watershed and shorefront BMRA®ads, municipal
planning and conservationand septic systems Management options in the Action Plan focus on rsiructural
BMPs integral to the implementation of structural BMPs.

D. ESTIMATE OF TECHNICAL AND FINANCIAL ASSIST2d¢Gans 5.1, 5.2, and 5.4nclude a description of the
associated costssources of funding, and primary authorities responsible for implementation. Sources of funding
need to be diverse andhould include local, state, and federal granting agenciesans of Alton and New Durham
NHDESand USEPA), local group€NILA), private donations, and landowner contributions for BMP implementation
on private property.The towns of Alton and New Durhamand other core stakeholders, led ihe CMSCshould
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oversee the planning effort bjneeting regularly and efficiently coordinating resources to achieve the objectives set
forth in this plan.

E. INFORMATION & EDUCATION & OUTREAeHtions 1.5 and 5.5describe how the Education and Outreach
component of the plan is already being or will be implemented to enhance public understanding of the project,
because ofeadership fromthe CMS@nd thetowns of Alton and New Durham

F. SCHEDULE FOR ADDRESSING PHOSPISOREDUCTIONSection 5.2 provides a list of action items and
recommendations to reduce stormwater and phosphorus runoff to Merrymeeting River and Lake. Each item has a
set schedule that defines when the action should begin and/or end or run thro(ijan ongoing activity) The
schedule should be adjusted by a steering committee on an annual basis (see Section 4.3 on Adaptive Management).

G. DESCRIPTION OF INTERIM MEASURABLE MILESTS®d¢ESN 5.30utlines indicators of implementation success
that should be tracked annually. Using indicators to measure progress makes the plan relevant and helps sustain
the action items. The indicators are divided into three different categories: Environmental rBnugatic, and Social
Indicators. Environmental indicators are a direct measure of environmental conditions, such as improvement in
water clarity or reduced median #ake phosphorus concentration. Programmatic indicators are indirect measures
of restoratian activities in the watershed, such as how much funding has been secured or how many BMPs have been
installed. Social indicators measure change in social behavior over time, su¢cheasumber of new monitoring
volunteers.

H. SET OF CRITERI8ections 3.4 ard 5.3 can be used to determine whether loading reductions are being achieved
over time, substantial progress is being made towards water quality objectives, and if not, criteria for determining
whether this plan needs to be revised.

. MONITORING COMPONENZection 5.2.1 of the ActionPlan describes the longerm water quality monitoring
strategy for Merrymeeting River and Lake, the resultsmbich can be used to evaluate the effectiveness of
implementation efforts over time as measured against the criteria in (H) above. The goal of this plan is to improve
water quality by lowering thenedian phosphorus concentratiorto eliminate the presence btoxic cyanobacteria
microcystins The success of this plan cannot be evaluated without ongoing monitoring and assessment and careful
tracking of load reductions following successful BMP implementation projects.

1.4 PLAN DEVELOPMENT ANOMMUNITY PARTICIEN PROCESS

The plan was developed through the collaborative efforts of numerous meetipgblic presentationsand conference calls
betweenFB Environmental Associates (FBBE CMSOYHDESthe USEPAhetowns of Altonand New Durhamand private
landowners (see Acknowledgments).

Fivemeetings and oneriver paddle were held.The followinglist does not include several regular meetings of the CMSC.

1 May 31, 2018 FBE with the CMSC heddick-off meetingand presentationto give a broad overview of the project
and watershed plan development process, as well as discuss the project timellimeenty-seven watershed
stakeholders were in attendance.

1 August 17, 2018FBE met with Fred Quimby, Mike Gelinas, and Bob Craycraft at the University of New Hampshire
(UNH)to discuss the current status of available data for use in the plan and the need for additional sampling in late
summer and fall.

1 September 22, 2018FBE, DK, and Mike Gelinas completed a boat and river paddle of the ponds and lower portion
of Merrymeeting River.

1 December 12 2018:FBEand HWGnNtroduced the top 10 erosion areas identified in the watershed during the
watershed surveyThe CMSQelped o prioritize the identified erosion sites in the draft BMP Mafiax update and
inclusion in the plan and for determination of the four sites for conceptual BMP designs.

1 March 29, 2019FBE met with Fred Quimby, Mike Gelinas, and Bob Crayatdlfte UNHto discuss the upcoming
water quality sampling season.

1 May 30, 2019FBEand DKpresented themodeling and buildout analysis results, along with thdraft water quality
goalsand objectives. Th€MSGliscussed and provided final feedback onetlyoak and objectives.
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River and Lake communityfhese events were advertised i
the local Baysider

1 %ugust 23, 2018.A community forum and public
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presentation was held at the New Durham
Elementary School The forumand presentation
were designed to provide local stakeholders wit
information on the watershed and water quality o
Merrymeeting River and Lake, to solicit stakeholdg
concerns, identify threats to water quality, ang
prioritize actions to mitigate identified threats.
About 47 people attended the community forum
and provided valuable input to the plan. Attendee
were broken out into four focus groups based o
areas of concern (septic systems, planning a
conservation, roads and shorefront watersheg
BMPs, and water quality morating). From group
discussions and additional actions items provideq
by FBEnumerousrecommendations for achieving
action items were identified and prioritized.
Recommendations from the forum were
incorporated to the Action Plan (Section 5.2).

October 25, 2018. A panel discussion was held \
regarding the status of the Powder Mill State Fis
Hatchery.

June 19, 2019A final public presentation was held;
at the New Durham Elementary School. FBE, DK, g
HWG presented on the results of the project to dat
including the water quality analysis, assimilativd
capacity, buildout analysis, modeling, and
conceptual BMP designsQuestions and insights
gained from public meeting attendees were
thoughtfully incorporated to the draft and final plan.

FBE presented to the Merrymeeting River and Lake
community in August 2018.

WATERSHED PROTEIN GROUPS

The New Durham/Alton Cyanobacteria Mitigation Steering Committee (CMSC) was formed to address the Powder Mill State
Fish Hatchery point source discharge to the Merrymeeting River after it was identified as the major cause of the cyareobacteri
impairment in downstream ponds. The group of 20 individuals representing both communities meets 5 times a year and
alternates sites for the meeting between Alton and New Durham. Meetings are open to the public and announced on both
town websites and in theBaysidemewspaper. The CMSC raised the funds necessary to complete plan development for the
watershed so that the towns could be eligible for federal and state grants. Working groups of the CMSC include the Powder
Mill State Fish Hatchery BMPs, MerrymegtiRiver Water Quality, Watershed Management Plan, and Financing & Public

Relations.

TheMerrymeeting Lake AssociatioMiILA) protects the natural resources and ecological conditions of Merrymeeting Lake
by supporting the Lake Host and Weed Watcher progsaalong with water quality testing through tHeakes Lay Monitoring
Program(LLMB. The LLMP by th&NHExtension is a group of scientists, students, researchers, and volunteers who are
dedicated to the preservation and management of lakes through citibmsed monitoring and research. The program is
jointly administered by the UNH Cooperative Extension INat Resources Program Team and the Center for Freshwater
Biology at theUNH The Lake Host program is a courtesy boat inspection program implemented by NH LAKES in cooperation
with volunteers. Lake Host volunteers monitor boats coming in and out of the f® identify and prevent the introduction

FB Environmental Associates 4



MERRYMEETING RISERKBNVATERSHED MANAGEMENT PLAN

of invasive aquatic plants, such as variable milfoil. The Weed Watcher program uses trained volunteers assigned to areas of
the lake to monitor monthly (Mayseptember) for changes in weed growth and presencensfsive species. VLAP is a
cooperative program between NHDES and lake associations that trains volunteers to collect lake and tributary water quality
data. The Merrymeeting River and ponds in New Durham are surveyed annually for invasive aquatic plaes $pexgh the

New Durham Milfoil Committe€The New Durham Water Quality Committee meets in New Durham Town Hall every third
Wednesday of the month. All meetings are open to the public.

NHDES works with local organizations to improve water quality in Mampshire at the watershed level. NHDES works with
communities to identify water resource goals and to develop and implement watershed management plans. This work is
achieved by providing financial and technical assistance to local watershed managemganhaations; investigating actual

and potential nonpoint source water contamination problems; among other activities.
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2. WATERSHED CHARACTERIZATION

©'John Gisis

This section provides information on the local climate, demographic history, underlying soil and geographical characteristics
and present land cover in the Merrymeeting River and Lake watershed.

2.1 POPULATN, GROWTH TRENDSPDAMND COVER

2.1.1 DESCRIPTION, LOCATION, AND CLIMATE |

The Merrymeeting River and Lake watershed is Iocate;‘:i .
in the towns of Alton (60.5%), New Durham (37.6%%
Brookfield (1.0%), Middleton (0.6%), and Gilmantong 5
(0.3%), New Hampster This 3&quaremile (23,669 %45-
acre) watershed area encompasses Merrymeeting Lakg
(1,242acres) Marsh Pond (45 acres), Jones Pond (58 47
acres), and Downing Pond (54 acres), among Otheg .,
small ponds From the southwestern outlet of =
Merrymeeting Lake, water flows souttvia the =3

Merrymeeting River through Marsh Pond, Jones Pond,

O

Downing Pond, the Merrymeeting State Wildlife ]
Management Area, and Wentworth Pond (and over thg
Alton Power Dam) before reacty its outlet at Alton @
Bay on Lake Winnipesaukee.

60+

50+

perature

The Merrymeeting River and Lake watershed is situated
within a temperate zone of converging weatherE 07
patterns from the hot, wet southern regions and thes _ |
cold, dry northern regions, which causes variousE

natural phenomena such as severe thunder and 20-

lightning storms, hurricanes, and heavy snowfalls. The
area experiences moderate to high rainfall and
snowfall, averaging 41.5 inches of precipitatior

o P B G0 G o o o g P P @ o

annually (data collected and from 1958018 from the Figure2-1. Total annual precipitation and annual max, average,
New Durham4 weather station (USC00275783), witmin of monthly air temperature from 195®017 for the Merrymeetin

gaps covered bythe following weather stations: River

FB Environmental Associates
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Brookfield 0.9 (USINHCRO0003), Rochester Skyhaven Airport (USW00054791), Alexandria 3 (USC00270040), Plymouth
(USC00276944), Grafton (USC00273530), and Hanover (USC@)ZF8f85e2-1). Annual air temperature (from average
monthly data) generally ranges from 26 °F to 60 °F with an average of 42 °F (NOAA NCElI, 2018).

2.1.2 POPULATION AND GROWTH TRENDS

TheMerrymeeting Lakend Rivewatershed aredas

long beentreasured as a recreational haven footh 50001
summer vacationers and yeaound residents. The _ ...
area isamong the oldest summer vacation spots in =
New Hampshire and offers fishing, hiking, boating,2
sailing, canoeing, kayaking, andwimming in the & 2000-
summer, and ice fishing, crossountry skiing,
snowshoeing, and snowmobiling in the winter.

a

3000

1000 4

According to the most recent U.S. Census (2000}t 01 /. Y S S S S
New Durham and Alton residentre working class N A R L R L.
families andenjoy the natural beauty of the town

yearround, but a significant number (29% in New —Alton —— New Durham

Durham, 45% in Alton) also enjoy the area seasona_. . . .
° ) 1oy Figure2-2. Historical demographic data for the towns of New Durh.

Table 21). Seasonal visitoraise amenities around . ; .
( ) and Alton in theMerrymeeting River and Lakeatershed. The

the lake and river, including public boat launches . . ) .
public beaches, family camps, and ConserVationpopulatlon of this community has grown dramatically over the last
' years.

lands.

Understanding population growth and demographics, and ultimately development patterns, provide critical insight to
watershed management, particularly as it pertains to lake water quality. Adtdecliningpopulation trend from 1820 to 960,

the population of both New Durham and Alton grew exponentidiym 1960to 2010when the population of New Durham

and Alton peaked aR,638 and 5,250 respectively, growing 19% and 17% in population from 2000 tpr@§aéctively
(NHOEP, 2011; Table@2Figure 22).The desirability of the Merrymeeting River and Lakel the greater Lake Winnipesaukee

area as a recreational destination will likely stimulate continued population growth in the future. Growth figures and
estimates suggest that New Durham and Alton should consider the effects of current municipalitsncegulations on local

U] 82¢é é28eU0é«2eéc & A2 é2,;,EUQGEeée | od62¢eh2@e | é2 ®202 00?2
quality decline (refer to Section 3.3.3 for Bui@ut Analysis results).

Table2-1. 2010 population demographics for the Merrymeeting River and Lake watershed.

TOTAL TOTAL OWNER RENTER
COUNTY/TOWN TS;QL %iiD gggf A6G5::_,D HOUSING OCC. OCC. SHEC’)AL?SI;\?L OCC.
UNITS HOUSES HOUSES HOUSES
Strafford County 123143 31677 76821 14645 51697 47,100 31242 1670 15858
New Durham 2,638 672 1,648 318 1523 1014 923 446 91
Belknap County 60,088 13773 36,258 10057 37,386 24,766 18523 10467 6,243
Alton 5,250 1227 3,136 887 4,281 2,145 1,786 1,928 359

lc2)é6U0@0] 6 AU6é26 |62 «UDEE®262® Zi| «] D3z ©p A2 kc , 20666 *662/ 6
Note: The Merrymeeting River and Lake watershed also extends into the towns of Brookfield (1.0% of the watershed), M@d6%tofthe watershed),
and Gilmanton (0.3% of the watershed), but no significant development exists in thes®ns of the wateshed

Table 2-2. Population growth rates for the watershed community of the Merrymeeting River and Lake watershed.

50-YR GROWH 20-YR GROWTH 10-YR GROWTH

CITY/TOWN 1960 1970 1980 1990 2000 2010 RATE (1960 RATEH1990- RATE (2000
2010) 2010) 2010)
Strafford County 59,799 70,431 85,408 104,233 112,233 123,143 21% 9% 10%
New Durham 474 583 1,183 1,974 2,220 2,638 91% 17% 19%
Belknap County 28,912 32,367 42,884 49,216 56,325 60,088 22% 11% 7%
Alton 1,241 1,647 2,440 3,286 4,502 5,250 65% 30% 17%

Note: The Merrymeeting River and Lake watershed also extends into the towns of Brookfield (1.0% of the watershed), MRi6Btaf the watershed),
and Gilmanton (0.3% of the watershed), but no significant development exists in thes®ns of the wateshed
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WATER SPORTS ON MBWEETING LAKE

Merrymeeting Lake provides a clean water recreational resource for people of New Hampshire, the nationand
worldwide. The lake is accessible to all that want to use it via a state sponsored public boat launch withfree parking.

In addition, there are over 500 homes with direct lake access. The lake supports a commercialarina that stores boats,
repairs boats, and provides rental boat slips and gasoling, as well as four waterski programs Waterskiing has been a
recreational activity on Merrymeeting lake since the 190n@8gé Ué E@ 6A2 ®| pé U%aidUU®?2 @
clotheslines tied to broken broom handles for tow ropes. As waterskiing grew in popularity during the 19En-R@ & &
there were major advances in fiberglass technology for boats and equipment making it more accessible. During that
time, there have been at least two officially recognized ski clubs on the lake wlere a permitted slalom course was
available for members to prepare and practice for regional competitions. Recently the sport has expanded to more
recreational use from knee boarding into wakeboarding, as well as Air Chair hydrofoils. The past few years hae seen
the extended use of wake surfing, making the sport even more accessible for less athletic individuals where speeds
are slower and falls easier.There is one youth summer camp on the lake, Water Monkey Camp, focused on
wakeboarding, waterskiing , and wake surfing. Campers from all over the U.S. and abroad spend time on the water
learning from coaches. When not on the boats, campers and staff are exploring the shores astandup (SUP)boards or
having a mealat the waterfront clubhouse. In addition, the camp contributes to cooleffect.org and Southeast Land
Trust (SELT)o offset nearly 50 metric tons of CQ (25 tons created by the boats and 25 extrdons to help offset camper
travel) . Campers learn the importance of the watershed environment and recycling. This includes diverting all food
waste to the local Bickford Farm for their pigs. Over 400 pounds of food waste was produced and provided to the farm
in summer 2019 > Russ Weldon & Matt Murphy

2.1.3 LAND COVER

Characterizing land cover within a watershed on a spatial scale can highlight potential sources of NPS pollution that would
otherwise go unnoticed in a field survey of the watershed. For instance, a watershed with large areas of developed land and
minimal forestland will likely be more at risk for NPS pollution than a watershed with-+wahaged development and large

tracts of undisturbed forest, particularly along headwater streams. Land cover is also the essential element in determining
how much phosphors is contributing to asurface watewia stormwater runoff and baseflow (see Section 3.3 on Watershed
Modeling).

Current land cover in the Merrymeeting River and Lake watershed was determined using a combination of land cover data
%é€Ux RA =b REhgé Rz A| xxz&éAEé2 0| @® ,UG02¢ éé28ééx206 0n
National Hydrography Datasg€NHD) waterbodieESRI World Imagery from June 27, 2Cd&l Google Earth satellite images

from September 11, 201 For more details on methodology, see the Merrymeeting River and La&ke Loading Response

Model Report (FBE, 284).

TheMerrymeetirg River and Lakevatershed is37 square miles 23,669acres) and is surrounded by woodland&ss of 2016

2017 aerial imagerydevelopment accounts fo8% (1,749acres) of the watershed, while forested areas dominate7 8%
(17,758cres). Wetlands and open water represdrits ,388acres) of the watershedhot including Merrymeetindg ake and

ponds. Agriculture represent2% B79acres) and includes row crops, yields, and grazing pasturgsefer to Appendix A,

Map 2) The Merrymeeting River watershed in New Durham is characterized largely by residential development along the
shorelines of the lake, ponds, and river with a few commercial businesses (gravelgiha, and water skiing school) and
farms that support livestock (cows, pigs, chickens, turkeys, horses, and ducks) and crops (blueberries and Christmas trees).
The Merrymeeting River watershed in Alton is characterized by dense residential and commdera@dpment along the river
leading to Alton Bay, as well as significant agricultural lands in the Coffin Brook watershed. Commercial businesses in Alton
include supermarkets, automotive shopsetail shops, gas stations, restaurants, floral shops, medicknics and offices,
hardware stores, general offices, salons, banks, gyms, funeral hosgggic haulers, landscapers, post office, car washes,
and greenhousesi-arms in Alton support livestock (sheep, cows, bison, camels, chickens) and crops (vege@htéstmas

trees, blueberries).
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Developed areas within the Merrymeeting River and Lake watershed are characterizetpbyious surfaces, including

areas with asphalt, concreteand rooftops that force rain and snow that would otherwise soak into theugd to runoff as
stormwater. Stormwater runoff carries pollutants to waterbodies that may be harmful to aquatic life, including sediments,
nutrients, pathogens, pesticides, hydrocarbons, and metals. The baildl analysis conducted for the watershed, qoled

with projected population growth trends, indicates that the percentage of developed area will continue to increase.
Therefore, it is imperative that watershed communities incorpordtev impact development (LID) techniques into new
development projects. More information on LID strategies and BMP implementation can be found in the Action Plan in Section
5.2.

FEATUREHistoryof Developmenin the Merrymeeting Lakend River Watershed

Adapted from research documents gathered by former Town Historian Eloise Bickford, current Town Historian Catherine
TéEOUIGE«AL | @® | 6dAUé U% ZhA2?2 AEEéJUép U% R2i /066A] xz 3002,

Before Eiropean settlement, the area was inhabited by Native Americans
travelled along welestablished trails for hunting, fishing, and crop growin
According to Chester B. Price of New Durham and author of the book tit
ZAEEGOUéE« EQ®E| @AEép EOQEEOE%OIR2 dnA|
New Durham in several places. For example, theki€hiKook (Cocheco) Trail 2
(now Old Bay Road and Main Street) in New Durlieaweled toAlton Bay at
LakeWinnipesaukeeand the Abenaki Trail (now Kings Highway)ueted to
Wolfeboro. New Durham had one knowWative Americartampsite located at
Coldrain Pond. Another was located at Quannippi, now called Alton Bay.

INDIAN TRAILS

By 1721 ,he New Hampshire Colonial Assembly voted to cut a road from Do
(Cocheco) toLake Winnipesaikee to construct a fort at the lake. The roa
followed the trails used by thé&ative Americandgraveling to Alton Bayand
became known as Bay Road. As the trails became roads and a peace ti
between Europeans and Native Americamss signedby 1760, colonial
settlementand wood harvestindn the areatook root. People settled around THE [ AKES REGION

the many waterbodies in New Durham, including Merrymeeting Lake, Coldr OF = :
Pond, Merrymeeting River, March and Chalk Poras,well asthe Mad, il
Isinglass, Elaand checo Rivers. The water was used for power, movi & re! “
goods, and food. Native American trails in the Lakes Region

Many sawmills were soon erected in the area, most notabl of New Hampshire.

the one that created Downing Pond through a dal
constructed inthe lateEnnEgé ®6éE@¢ UAE
New Durham and Alton were granted their town charter:
Several streams feeding into th@ond were also impounded
for the operation of private sawmillhh Aé U6 ¢ AUb o

harvested logs were floated downstream to @Woing Pond

at the sawmill where they were manufactured into variou
products, such as fHprush killers, sink and small brushes
UEé2 o©oéoelAhz2éep | o2® A| g®02 éd
operation changed ownership to Dean Allen and the
merged with the Rogers Company to become the Alle
Rogers Manufacturing Company, expanding operations
meet a larger market. A catastrophic fire in 1931 closed th%\”en Handle Compan

Downing Pond sawmill operation permanently. pany.

New Durham, NH 1919 to 1931.

A sawmill and dam were also constructed at the outlet to Mereeting Lake and were owned by Captain James Jewett from
18151822, then Nicholas Noyes until 1835 at which time a new dam, sawmill, clapisbardle machine, and grist mill were
added. The sawmill operation at the Merrymeeting Lake outlet changed owtiee® more times until 1852 when the sawmill
was convertedo a gun powder manufacturing operation and greatly increased the number of buildings. From 1856 to 1861,

FB Environmental Associates 9



MERRYMEETING RISERKBNVATERSHED MANAGEMENT PLAN

the gun powder mills were called Eureka Powder Works Co. Manufacturing. By 1859, thetypweae sold to Lewis P. Childs

of Providence, Rl and renamed the Union Powder Works Company. It was during his ownership that black powder was
produced and shipped to support the Union efforts during the Civil War. In 1861, there was a great explosieqirad the

mills to be rebuilt, and the demands of the Civil War took the whole supply. The history of the mill is vague but indinges a

in 1874 when local men took over the factory.

By 1922, Georgdones purchased the water rights around
Merrymeeting Lake to control the flow of water downstrea
to Downing Pond. He built an electric power plant, which w4
purchased by Twin State Power Company and then Pub|
ServiceElectric CompanyA new dam was absbuilt at Jones
Pond and Merrymeeting Lakdn 1924. To generate theg
required electrical power, Merrymeeting Lake had to b
drawn down about 8 to 10 feet in the summer, which wig
unpopular for the summer residents. The NBDgained
ownership of thepower gant and dams around 1944The
eUizé ®0| 298 u| é «U@uzédz? @
hatchery, which has remained in operation to the present dd
and is fed by the cold, clean waters of Merrymeeting Lal
The Merrymeeting Lake dam was rebuilt in 1984 ¢ccitrrent  Powder Mill State Fish Hatchery, 1947.
state.

%E@é A

The Town of New Durham disposed of town trash in Marsh Pond in the 1960s. The disposal site was closed by placing 21
truckloads of sand over the accumulated pile and compacting it with bulldozArboat landing was builit Marsh Ponénd
a new dump was opened on Brackett Road.

2.1.4 LAND CONSERVATION

Land conservation is essential to the health of a region, particularly for the protection of water resources, enhancement of
recreation opportunities, vitality of local economies, and preservatiohwildlife habitat. Land conservation is one of many
tools for protecting water quality for future generationk the Merrymeeting Lake and River watershed, there is the Marks
Wildlife Management Area (MA), MerrymeetingState WMA, New Durham Ballfield, Levey Park, Merrymeeting Marsh Dam
Alton, and the Alton Bay State Forest. Eleven percetp9 acreg of the Merrymeeting River and Lake watershed baen
classified as conservation lan@efer to Appendix A, Map.I)he largst parcel of conserved land is the Merrymeetfatate
WMA(552 acres) in the southeastern part of the watershed, followed by Ellis R. HadtiMI551 acres) in the most northern

part of the watershed. The Ellis R. HatchWiMAexpands outside of thevatershed area to cover a total of4B2 acres in the
towns of Brookfield and Middletorin March 2019, the MMLA, the Southeast Lake Trust (SELT) of NH, and Moose Mountains
Regional Greenways (MMRG) met their fundraising gioh2.9 milliorto acquire, caserve and steward themore than 2,000
acreBirch Ridge Community Foresinother 1,800 acres north of Merrymeeting Lake (not entirely within the watershed) was
purchased by former Beaver Brook Forest Lands, who are currently working with the Socigtge ferotection of NH Forests

to place a conservation easement on the arémaddition, the town of New Durham has identified floodplaimasd wetlands
surrounding the shores of Merrymeeting Lake and Rivdbesl conservation priorities. Two drinking wat@rotection areas
werealsomarked in the Merrymeeting River watershed.

2.2 PHYSICAL FEATURES
2.21 TOPOGRAPHY

The highest elevation in the watershed (about 2,077 feet above sea level) is located on the summit of Prospect Mountain at
the southernmost extent of the watershed. Merrymeeting Lake and the direct shoreline drainage area are at approximately
647 feet aboe sea levelThesevenmountains surrounding Merrymeeting Lakare carved from the Merrymeeting rirdjke
complex of the White Mountain magma series, which is characteristic of previous ancient volcanic adigse elevation
measurements were deriveddm Google Earth.
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2.2.2 SOILS AND GEOLOGY
Surficial Geology

The composition of soils surrounding Merrymeeting River and Lake reflects the dynamic geological processes that have
shaped the landscape of New Hampshire over millions of years. Some 300 to 4idd yedhrs ago, much of the northeastern

United States was covered by a shallow sea; layers of mineral deposition compressed to form sedimentary layers of shale,
| o®édsUP2h | B® OEx2é3U@2 O=UO®dAU| Edb ORIR&aendprdssutedocliafges 2 b &
the sedimentary rocks into metamorphic rocks (quartzite, schist, and gneiss parent material). This metamorphic parent
material has since been modified by bursts of molten material intrusions to form igneous rock, includimitgfar which

New Hampshire is famous for (Goldthwait, 1951). Erosion has further modified and shaped this parent material over the last
200 million years.

The current landscape formed 12,000 years ago, at the end of the Great Ice Agenakettieck glacier over half of North

x2 6E«| x20082@® | O® ¢é€208é2| 02®b eé6«UBEELB:, ©2®eU«0 | B® ®2 xUeél
lakes. The retreating action also eroded mountains and left behind remnants of drumlinseskdrs from ancient stream
deposits. The glacier deposited a layer of glacial till more than three feet deep. Glacial till is composed of unsorteidimater
with particle sizes ranging from loose and sandy to compact and silty to gravely. This matedithéefoundation for invading
vegetation and meandering streams as the depression basins throughout the region began to fill with water (Goldthwait,
1951)The seven mountains surrounding Merrymeeting Lake are part of thedikg complex of the White Matiain magma
series from ancient volcanic activity.

Soils

The soils in the Merrymeeting River and Lake watershe¢[ soiseries o=
(Appendix A, Map3) are a direct result of geologic waud|
processes. Thenost prevalent soil group in the watershed
is Gloucester extremely stony find sandy loan¥({® acres,
15%), followed by Metacomet fine sandy loam, very stony| -
(2,163 acres, 10%), TunbridgemanBecket complex,
very stony (B81lacres, 7%)Millsite-WoodstockHenniker
complex, very stony (560acres, 7%), and Gloucester very
stony fine sandy loam (448 acres7%).These soils are all
classified with having very stony material and halov
runoff potential (Gloucesters) or moderately higlnoff
potential (Metacomet, Tunbridge, and Millsite)The
remaining 54% of the watershed (excluding the lake area)
is a combination of 51 additional soil series ranging from |s.
6% to 0.01% of the watershed. @

The contrast of soil groups across town boundargels Five soil classes cover 46% of the watershed. Refer to
between Belknap CountyAlton) and Strafford County Appendix A, Map3.

(New Durham) is a result of Belknap County having been

mapped under a frigid temperature regime, while Strafford County was mapped under a mesic temperature regime.
Therefore, soils of the same groumve different map unit soil series names. The USDA Natural Resources Conservation
Service (NRCS) is currently workitggharmonize these differences by correlating map unit soil groups and data into one
uniform set of data per region.

Soil ErosionHazad

Soil erosionhazardis dependent on a combination of factors, including land contours, climate conditions, soil texture, soil
«Ux®@®UBGEJEUQBD @2 éx2| OEOEdPD | @® & UE Oazardskodle Bedaéptima@ Tagter in2 @ 2
determining the rate and placement of development within a watershed« « Ué ®E@¢, dU o8A2 (20 é
Q| B| ¢2x2 @8 | @® 3¢é¢UGEUD® A|A| é® x23| ®| d| b | €é|d0E@¢ U% zeéeOlE
indicates some erosion is likely to occur, and roads or infrastructure may require occasiaiatenance with simple erosion
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«Ugdseéeud aeé|<<6E«2éb | 2@ Zé2h2ds2= EAGBE .. | A2 A ARL & aﬁ:gE%E«|
. . SOIL EROSION HAZARD) [z = -

erosion to the landscape is expected, and roads and Other| wmmese s |

infrastructure will require frequent maintenance and large

erosion control practices.

Brooklield

Méd U¥% 0A2 ] d2éeh2@® (| & «
26 UGEUD Al Al é® 0O0030b %UOQ
(17%), and not rated (7%Jhe largesttracts of soil with
severe erosion hazard were on steep slopesalong the
watershed boundary Slight erosionhazard areas were
found in low-lying wetland areas throughout the
watershed.

New Durham

Development should be restricted in areas with highly
erodible soils due tdheir inherent tendency to erode at a
greater rate than what is considered tolerable soil loss.
Since a highly erodible soil can have greater negative
impact on water quality, more effort and investment are  Moderate to severe soil erosion hazard areas cover68% of
required to maintain soil stability and functiowithin the the watershed. Refer to Appendix A, Mapt.

landscape, particularly from practices that protect steep

slopes from development and/or prevent stormwater runoff from reaching water resources.

As for the hydrogeology of the region, the Merrymeeting River is underlaid by an aquifezxtesitds from Alton Bay to the
watershed boundary between the Merrymeeting and Ela Rivéggotte, 1997)From Alton Bay to the Merrymeeting River
sEO®OE®%2 Q| @ ¢2 x2 @d €2 | b 8A2 | e0E%2éTE &| o ONewhmm@EntawA E« 0Q?
OE@2b A2 | e0E%w2éTée é|00é| d2® 0AE«O@2éé x2| e0é2® 06a000U On
ft?/day. The west side of the Merrymeeting River in Alton showed a buried esker surrounded by glaciolacustrine deltai
sediment (Figure B).
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Figure 2-3. Geohydrologic section through the Merrymeeting River aquifer, Alton, New Hampshire. Taken directly from
Ayotte (1997).
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2.2.3 LAKE MORPHOLOGY AND MORPHOMETRY

The morphology (shape) and bathymetry (depth) lekes BATHYMETRY | o)
and ponds are considered reliable predictors of water || "
clarity and l&e ecology. Large, deep lakes are typically
clearer than small, shallow lakes as the differences in lake| =
area, number and volume of upstream lakes, afashing
rate affect lake function and health.

The surface area of Merrymeeting Lake igtsQuare miles
(1,22 acres) with a mean depth ¢f3feet (13.1m) and a
maximum depth of B5 feet 41.2m) (NHFGDbathymetry
file; NHDES2003. There are 11.2 miles of shoreline, and the
volume of Merrymeeting Lake is 65,3883 m®. The areal
water load is 133 ft/yr (4.0 m/yr), and the flushing rate is
0.3times per yearThe low flushing ratef 0.3means that
the entire volume of Merrymeeting Lake is replaced every 3|t
years, which increases time for pollutants to settle in lake
bottom sediments orbe taken up by biotaMerrymeeting Bathymetry of Merrymeeting Lake, Mill Pond, Marsh Pond,
Lakeis a natural lake controlled by a dandownstream of Jones Pond, and Downing PondNH GRANITNHDES$. Refer
which begins Merrymeeting River. to Appendix A, Mapb.

S

The surface area dflarsh Ponds45acres with a mean depth &feet 2.7m) and a maximum depth df8feet 6.5m) (NHDES
bathymetry file; NHDE3986. There are 1.2 miles of shoreline, and the volumblafsh Ponds £22,795m3. Theareal water

load is 509ft/yr (155m/yr), and the flushing rate iS4times per year. Thhighflushing rate o64means that the entire volura

of the pondis replacedb4 times each yeaacting more like a riverine than a lacustrine systdvarsh Ponds a naturajpond
partially impacted by the Jones Pond dam impoundmeimavid Neils and Scott Ashley from NHDES completed bathymetric
mapping ofMill Pond and Marsh Pond on May 6, 2019 to support plan development and future studies of these waterbodies.

The surface area afones Ponds 57 acres with a mean depth ¢f.3feet (L.3m) and a maximum depth of5feet @.6m)
(NHDES bathymetry file; NHDES, 198®ere are2.2miles of shoreline, and the volume dbnes Ponds 269,970m3. The

areal water loads 427 ft/yr (130 m/yr), and the flushing rate is 112 times per year. The high flushing rate of 112 means that the
entire volume of the pond is replaced 112 times each year, acting more like a riverine than a lacustrine system. Jones Pond is
an artificial pond impounded by a dam.

The surface area ddowning Ponds 54 acres with a mean depth @&feet 0.9m) and a maximm depth of11.5feet 3.5m)
(NHDES bathymetry file; NHDEB03J. There ar€.2 miles of shoreline, and the volume Bbwning Ponds 227,545m3. The

areal water loads 482ft/yr (147 m/yr), and the flushing rate is 141 times per year. The high flusitie@f 141 means that the

entire volume of the pond is replaced 141 times each year, acting more like a riverine than a lacustrine system. Downing Pond
is an artificialpond impounded by a dam

2.2.4 HABITATS AND WILDLIFE

NHFGD ranks habitat based on value to the State, biological region (areas with similar climate, geology, and other fattors th
influence biology), and supporting landscape. The Biological Region classification within the 2015 NH Wildlife Action Plan is
a subdivision of New Hampshire based on ecoregional subsections. The Merrymeeting River anddtakghed is part of

the SebageOssipee Hills and Plains ecoregional subsection (NH Wildlife Action Plan, Chapter 3). These habitat rankings are
publishedinthec 8| 82 gé on00 sEO®OE %2 «d3EU@ _O| @b UAE«A éez2éuze | ¢
Species of Greatest Conservation Need in New Hampshire. Q848 4cres (25%) of the Merrymeeting River and Lake
watershed are considered Higist Ranked Habitat in New Hampshire. This habitat includes Merrymeeting daétea 200
meter buffer surrounding the lakélhereare two rare or exemplary natural communities of redmag& rocky ridge and dry
red oakwhite pine forest, and two rare or exglary natural communities of red ehlack birch wooded talus. There is also a
rare or exemplary natural commupih a mediuralevel fen systemHowever, conservation land within the Merrymeeting River
and Lake watershed does not always overlap with areblnd classified as highest ranked habitat in New Hampshire. A map
of priority habitats for conservation based on the NH Wildlife Action Plan can be found in Appendix A, Map
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The watershed is characterized primarily by mixed forest
that includes bdh conifers (e.g., white pine and eastern
hemlock) and deciduous (e.g., beech, red oak, and maple]
tree species. Fauna that enjoy these forested resources
include land mammals (moose, deer, black bear, coyote,
bobcats, fisher, fox, raccoon, weasel, porcnpj muskrat,
mink, chipmunks, squirrelssnowshoe haresand bats),
water mammals (muskrat, otter, and beaver), land and
water reptiles and amphibians (turtles, snakes, frogs, and
salamanders), various insects, and birds (herons, loons
gulls, geese, multiple species of ducKs wild turkeys,
ruffed grouse,cormorants, bald eagles, and song birds).
Fish are an important natural resource for sustainable
ecosystem food webs and provide recreational ‘
opportunities. Merrymeeting Lake has been classified by
the NHFGDas a cold/warm water fishery which supports
a diversity of both warmwater and coldwater fish species. High value habitat in the Merrymeeting River and Lake

These speciesnclude rainbow trout, landlock salmon, watershed. Refer to Appendix A, Mapb.

lake trout, smallmouth bass, chain pickerel, brown

bullhead, and burbotIn the summer of 2018hereweretwo breeding pairs of loonsGavia immeéeyon Merrymeeting Lake
NHFGD identified largemouth bass, brown bullhead, and chain pickerebth Marsh Pond and Downing Pon@offin Brook
is recognized by the State of New Hampshire as prime habitatbfidle shiners and wild brook troutNHFGD stocks
Merrymeeting Lake annually with rainbow trout atahd-locked salmon from the Powder Mill State Fish Hatchery.

HIGH VALUE HABITAT ||z,

The New Durham segment of the Merrymeeting Riatershed is home for a variety tifreatened and endangered species
including reproducingpopulations of bothbald eagles andcommon loons, as well as the Ebony Boghaunter, Blan@ing
turtle, spotted turtle, wood turtle, and the plants Flatstem Pondweed and Hollow J&ge Weed.

2.3 INVASIVE &IES

The introduction of norE G®E ¢ 2 gUd6é EQu| éEG2 | é6| 0E« &«0| 38 é@x2«E2é& o&8U F
These invasive aquatic plants are responsible for habitat disruption, loss of native plant and animal communities, reduced
property values, impaired fishing and degraded recreational experiences, and high removal costs. Once established, invasive
species are difficult and costly to remove.

Representatives from Merrymeeting Lake participate in the NH Lake Association Lakékbgsamto inspect boats both
entering and exiting Merrymeeting Lake for invasive aquatic plants to try and mitigate the spread of invasive aquatic plant
species. Because of the superb efforts from the Lake Hosts inspecting boats, variable milfoil (20070221@023, 2014)

and water chestnut (2012) have been caught before entering or leaving the lake. According Metheneeting Lake News

and Guideof 2007, provided by th®IMLA Merrymeeting Lake does not host any invasive plants or animals.

A LongTerm Variable Milfoil Management Plavas developed by NHDES in March 2014 for Jones and Downing Ponds.
Variable milfoil was first documented in Jones Pond around 2@002; no variable milfoil was found during a survey of
upstream waterbodies (MarsRond, Merrymeeting Lake) in 2009. Variable milfoil was first reported in Downing Pond in 2010
but likely establishecbeforethen. The Town of New Durham, through the formation of the New Durham Milfoil Committee,
has been actively involved in funding coptractivities, including hangremoval by weed control certified diveend herbicide
treatments as neededThe contract diver uses Diver Assisted Suction Harvesting (DASH) and noted in 2017 that the rich layer
of sediment on the bottom of the ponds makestvesting variable milfoil nearly impossibl@&he Committee collaborates

with contractors, state agency personnel, and representatives from other groups dealing with similar milfoil issues

The last quarter mile oMerrymeeting Rivebefore entering AltorBay hasalsobeen treated annually for variable milfoil.

2 American black duck, black scoter, canvasback, common goldeneye, hooded merganser, long tailedvdodkduck, red breasted merganser, northern
pintail, and mallard
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3. ASSESSMENT OF WATER QUALITY

This section provides an overview of the water quality standards #ygtly to Merrymeetind.ake, Marsh Pond, Jones Pond,
and Downing Pongthe methodology used to assess water qualjitiie past, current, and future state of water quality based
on themodeling assessmentthe established water quality goaland objectives; and the potential pollutant sources in the
watershed.

3.1 APPLICABLE WARRBRUALITY STANDARDI® CRITERIA

The State of New Hampshire is required to follow federal regulations undeClban Water Act (CWAyith some flexibility

as to how those regulations are enacted. The main components of water quality regulations incligigndgéed uses, water

quality criteria, and antidegradation provisions. The Federal CWA, thé&SH 48R Water Pollution and Waste Contrahd

the NH Surface Water Quality Regulations (&g 1700) are the regulatory bases for governing water qualitygatain in

R2u A| xxeéAEéz2c¢ hA2e2 ¢é2,060| 0EUQe %Ueéx 8A2 ©| éEé %Ué R2U A
waters. States are required to submit biennial water quality status reports to Congress via the USEPA. The reports provide a
EQu2@8Uép U% | OO u| o62¢ée | eée2e6e62® Op oAz e8| 062 | 9® EQDR®E«|
hA2zeéez2 ¢2axUéoe | é2 «UxxU@Op é2%u2éé2® dU | & 0A2 Zc2«d3EU@ Or

3.1.1 DESIGNATED USES & WATER QUAIABSIFICATION

hAz | s ¢2¢0Eé2é ée0|028& 00U ®202¢éxEQ?2 ®2eE.Q| 602® 06é2é& wUé
are the desirable activities and services that surface waters should be able to support, and include uses for aquash life, f
consumption, shellfish consumption, drinking water supply, primary contact recreation (swimming), secondary contact
recreation (boating and fishing), and wildlife (Tablel3 Surface waters can have multiple designated uses.

In New Hampshire, all surfaceaters are also legislatively classified as Class A or Class B, most of which are Clasg/g (Env
1700). A brief description of these classes is provided in TaBI¢NHDES, 264&). Water quality criteria are then developed

to protect these designated use®epending on the designated use and type of waterbody, water quality criteria can become
more or less strict if the waterbody is classified as either Class A or B. Water quality criteria for lakes are discbssgonn
3.1.2 no water quality criteridor total phosphorus currently exist for rivers in New Hampshierrymeeting River and
Lake, Marsh Pond, Jones Pond, and Downing Pondre considered ClassB waterbod ies.

FB Environmental Associates 15



MERRYMEETING RISERKBNVATERSHED MANAGEMENT PLAN

Table3-1. Designateduses for New Hampshire surface waters (adapted from NHDE®aR01

Designated Use NHDES Definition Applicable Surface Waters
Waters that provide suitable chemical and physical conditions for supportini
balanced, integrated, an@daptive community of aquatic organisms.

Waters that support fish free from contamination at levels that pose a huma
health risk to consumers.

Waters that support @opulation of shellfish free from toxicants and
pathogens that could pose a human health risk to consumers.

Drinking Water Supply After Waters that with adequate treatment will be suitable for human intake and
Adequate Treatment meet state/federal drinking water regulations.

Waters suitable for recreational uses that require or are likely to result in ful
body contact and/or incidental ingestion of water.

Waters that support recreational uses that involve minor contact with the
water.

Waters that provide suitable physical and chemical conditions in the water
and theriparian corridor to support wildlife as well as aquatic life.

Aguatic Life All surface waters

Fish Consumption All surface waters

Shellfish Consumption All tidal surface waters

All surface waters

Primary Contact Recreation All surface waters

Secondary Contact Recreation All surface waters

Wildlife All surface waters

Table3-2. NewHampshire surface water classifications.

Classification Description (RSA 485A:8)
Class A waters shall be of the highest quality. There shall be no discharge of any sewage or wastes into waters of this
Class A classification. The waters of this classification shall be considered as being potentially acceptable for water supplyterses

adequate treatment.
Class B waters shall be of the second highest quality. The waters of this classification shall be considered as beiaglacc
for fishing, swimming and other recreational purposes and, after adequate treatment, for use as sugiplies.

Class B

3.1.2 LAKE WATER QUALITY CRITERIA

R2U A| xxzéAEé2ge u|d2¢ eo| OEop éeo| o®| é®é xEUUE®2 | ©f é2 OE
eoxelUéd ®2eE,0| 02® 0é2éc s|o62¢é eo| OEdp goabty efic®g¢déneed and e & A:
determining the effectiveness of state regulatory pollution control and prevention programs. Water quality criteria are
designed to protect those designated uses. To determine if a waterbody is meeting its designated uses,qualigr
thresholds for various water quality parameters (g.ghlorophyll -a, total phosphorus, dissolved oxygen, pH, and toxic$

are applied to the water quality data. If a waterbody meets or is better than the water quality criteria, the designatésl use
supported. The waterbodyis considered impaired for the designated uiét does not meet water quality criteria

Water quaity criteria for each classification and designated use in New Hampshire can be found in RSA 485 A:8, IV and in the
| 82 Fé& e06¢é%|l «2 i|AsatcLite dde PEW and BrinanpContattiRec@étion (PCR) are the two major uses
for Merrymeetng Lake Marsh Pond, Jones Pond, and Downing Powith ALU being the focus of the plan

Aquatic Life Use (ALU)

Criteria for ALU ensure that waters provide suitable habitat for the survival and reproduction of desirable fish, shadifish,

other aquatic organisms. For ALU assessment,dfaée has narrative nutrient criteria with a numeric translator or threshold,
«UQPeEGSdED, U% | ZQB00éEE2 @3 ED®E«| 8 Ué ehloidphyll-a e hld: Eaiglleosedsl ¢ 6 é
EnvWq 1703.04, EAWq 1703.14, and EWq 1703.19). The nutrient and response indicators are intricately linked since
increasedphosphorus loading frequently results in greater algal concentrations, which can be estimated by measuring
chlorophyll-a levels in the lake. More algae may lead to decreased oxygen at the bottom of the lake, decreased water clarity,

and possibly changesiiaquatic species composition.

As shown in Table-3, ALU criteria vary by lake trophic stasénce each trophic state has a certain algal biomass (chlorophyll

a) that represents a balanced, integrated, and adaptive community. Exceedances of the chidkaptriterion suggests that

the algal community is out of balance. Since phosphorus is the primary limiting nutrient for growth of freshwater algae
(chlorophyll-a), phosphorus is included in this assessment process. For ALU assessment, phosphorusaaogichita are
combined per the decision matrix presented in Tabled 3The chlorophyta concentration will dictate the assessment if both
chlorophyll-a and phosphorus data are available and the assessments differ.

FB Environmental Associates 16



MERRYMEETING RISERKBNVATERSHED MANAGEMENT PLAN

Dissolved oxygen is also used as anigador for ALU assessment and is critical to the balanced, integrative, and adaptive
community of organisms (see ExWq 1703.19). For ClaBavaters, nonsupport use determinations are based on a daily
average measurement of 75% dissolved oxygen saturativless and an instantaneous dissolved oxygen measuremest of
ppm or less, which apply to any depth in a vertical profile (except within 1 meter of lake bottom) collected from June 1 to
September 30 (see EAWq 1703.07).

From 19740 2010, NHDES condwatt surveys of lakes to determirphic state (oligotrophic , mesotrophic, oreutrophic).

The trophic surveys evaluated physical lake features, as well as chemical and biological indicatokdeffgmeeting Lake,

the trophic state was determined to be oligotrophic durigpth surveys {977, 2005. This means that Hake water quality

was onsistent with the standards for oligotrophic lakeshe 2005 survey reported that Merrymeeting Lake was a deep lake
with visibility over 28 feet, had low nutrients, and excellent dissolved oxygen levels in the bottom wBaterMarsh, Jones,

and DowningPonds, the trophic state was determined to be eutrophic (1986), mesotrophic (1986), and eutrophic (2003),
respectively. The surveys reported that the ponds were experiencing reduced clarity, elevated nutrients, abundant plant and
algae growth, and low disdved oxygen levels in bottom waters and noted that the upstream Powder Mill State Fish Hatchery
was likely contributing to elevated total phosphorus concentrations in the ponds.

Table3-3. Agquaticlife use (ALUhutrient criteriarangesby
trophic class in New Hampshire. TP = total phosphorus.
Chta = chlorophyHa, a surrogate measure for alga

Trophic State TP (ppb) Chl-a (ppb)
Oligotrophic <8.0 <3.3
Mesotrophic >8.0-12.0 >3.35.0
Eutrophic >12.028.0 >5.011.0

Table3-4. Decisionmatrix for aquatic life use (ALU) assessment in New HampshiRes total
phosphorus. Chh = chlorophyHa, a surrogate measure for algae concentration.

Nutrient Assessments TP Threshold Exceeded TP ThresholdNOTExceeded Insufficient Info for TP
Chl-a Threshold Exceeded Impaired Impaired Impaired

Chl-a ThresholdNOTExceeded Potential Norsupport Fully Supporting Fully Supporting
Insufficient Info for Chl-a Insufficient Info Insufficient Info Insufficient Info

3.1.3 ANTIDEGRADATI®GROVISIONS

The Antidegradation Provision (Eryé@ O E&nweo E@ R2 U0 A| xxéAEé2Fé 0| o62é eo| OEap
quality of thesd | 82 gé (]| d2ééc hA2z ®EUUWEEGEUQ® UO6oOE@2é OExES| dEUE
development projects (e.g., projects that require Alteration of Terrain Permit or 401 Water Quality Certification) may be
subject to an Antidegradation Réew to ensure compliance withthed | 2 §é& ]| 82 ¢é eo6| OEdp é2 ¢ 60|
Provision is often invoked during the permit review process for projects adjacent to waters that are designated impailed, hig
quality, or outstanding resource waterdVhile NHDES has not formally designated kigfality waters, unimpaired waters

are treated as high quality with respect to issuance of water quality certificates. Antidegradation requires that a permitted
activity cannot use more than 20% of the remaigiassimilative capacityf a highquality water. This is on a parametdxy-

parameter basis. For impaired waters, antidegradation requires that permitted activities discharge no additional loading of

the impaired parameter.

3.2 WATER QUALITY SUMMAR
3.2.1 STUDY DESNAND DATA ACQUISITION

Water qualitydata were obtained from the NHDES Environmental Monitoring Database (EMD) and Robert Craycraft, Lakes
Lay Monitoring Program(LLMP)Coordinator at theUNHCooperative ExtensionWater quality data were combined into a
common spreadsheet, and then sorted by datation, and depth zondor Quality Assurance/Quality Control (QA/QC). QC
®0ae0E«| d2¢& (U2é2 | G2é] ¢2®b | @p Gdndany datdtielowdetéctonh @it ivee rébiaded E ® z
with half the detction limit. All data used in thanalysis were collected by trained volunteer monitors through thRHLLMP
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following procedures in the NH Center for Freshwater Biology and Lakes Lay Monitoring Program QAPP, RFA#16059, dated
March 9, 2016

Water quality datawere summarized by paramete(total phosphorus, chlorophyHa, Secchi Disk Transparency and
dissolved oxygertemperature profile data) according to methods described in Appendix B of the NHDES Guidance for
Developing Watershed ManagentdPlans in New Hampshire for Section 319 Nonpoint Source Grant Program Project (revised
April 14, 2010) and the State of New Hampshire 2016 Section 305(b) and 303(d) Consolidated Assessment and Listing
Methodology(CALM)dated August 8, 20)9NHDES, 20b3. Mediantotal phosphorus and chlorophyih for recent (200-

2018), seasonal (May Zc 2 ®@d2 x©2 é OO0 2 ®EQEx@28E« é| xae02é é2xé2eé2Qgdé
NHDES Assimilative Capacity Analysis for determining if a waterbddyp@ired, Tier 1, or Tier 2 (see section on Assimilative
Capacity Analysis). Similar methodology was used to calculate summary statisticSefmehi disk transparencyDissolved
oxygenand temperaturedata were compared to ClasB water quality standardsand to hypolimnetic total phosphorus
concentrations to assessternal phosphorus loading. Recent tributary or mainstem river data (largely from 2EA@®18)

were summarized by day, then month, then year to obtain median annual water quality summaries &miodsphorus.

3.2.2 TOTAL PHOSPHORUS, CHLOROPAMWAND SECCHI DISK TRANSPARENCY

Total phosphorus, chlorophyla, and Secchi disk transparency are trophic state indicators, or indicators of biological
productivity in lake ecosystems. The combination of these parameters helps determine the extent and effect of
eutrophication in lakes aml helps signal changes in lake water quality over time. Changes in Secchi disk transparency may
be due to a change in the amount and composition of algae communities (typically because of greater total phosphorus
availability, see Figure-3) or the amountof dissolved or particulate materials in a lake. Such changes are likely the result of
human disturbance or other impacts tawatershed.

Total phosphorus inthe epilimnion of Merrymeeting Lake has ranged fro23to 9.0 ppb, with an all monthly data median
of 3.5ppb (i.e., the Existing Median Water Quality applied to the assimilative capacity analgtite 35). Merrymeeting Lake
has low(excellent)phosphorus compared to average levels in New Hampshire lakes pnds exhibited significantly worse
water quality; total phosphorus in the epilimnion of Marsh, Jones, and Downing Ponds has ranged fr65dib, 2236 ppb,
and 1934 ppb, with an all monthly data median of 43 ppb, 27 ppb, and 25 ppb, respectively (F-&ble

Chlorophyll-a in Merrymeeting Lake has rangéwm 01to 1.6ppb, with an all monthly data median d¥.8ppb (i.e., the
Existing Median Water Quality applied to the assimilative capacity analysisle 35). Merrymeeting Lakéas low(excellent)
chlorophyll-a compared to average levels in New Hampshire lakése ponds exhibited significantly worse water ajity;
chlorophyll-a in Marsh, Jones, and Downing Ponds has ranged fre8th gpb, 617 ppb, and 8 ppb, with an all monthly data
median of 8 ppb, 8 ppb, and 6 ppb, respectively (Tab®.3

Secchi disk transparencwith a viewscope inMerrymeeting Lake has ranged from5to 13.5m, with an all monthly data
median 0f10.1m (Table 35). Merrymeeting Lake hadeep water clarity compared to average water clarity in New Hampshire
lakes. Moderate interannual variability in Secchi disk trpagency likely reflects yeao-year weather influences. Wetter
years may increase the amount of sediment delivered to the lake and cause lower transparency redtiegands exhibited
significantly reduced water clarity, partly due tbeir shallow natue; SDT in Marsh, Jones, and Downing Ponds has ranged
from 2.53.3 m, 2.83.6 m, and 1-8.3 m, with an all monthly data median of 3.0 m, 2.8 m, and 3.1 m, respectively (Faple 3

Table3-5. Summarystatistics for total phosphorus (TP) in the epilimnion (discrete grab sample atlayer depth),
chlorophyll-a (Chia) in the metalimnion (composite sample of multiple depths), and Secchi disk transparency (ST wit
viewscopefor MerrymeetingLake,MarshPond, Jones Pond, Downing Pomased on seasonal (May Z&ept 15) samples.

n = total number of sampling events (used in summary statistics).

SITE Median Mean Min Max n

TP-EPILIMNION (PPB)

MERRYMEETING LAKBWLS HEAI 3.3 3.8 23 73 30
MERRYMEETING LAKEAST END 35 3.9 26 9.0 30
MERRYMEETING LAMEEP SPOT 3.8 4.0 26 6.8 30

MARSH PONL2 DEEP 43.1 442 30.7 651 7
JONES POND SITEREEP 26.7 286 223 358 5
DOWNING PONRITE 8 DEEP 25.2 258 194 343 8

CHLAMETALIMNION (PPB)
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SITE Median Mean Min Max n
MERRYMEETING LA®BWLS HEAI 0.8 0.8 01 16 33

MERRYMEETING LAKEAST END 0.9 0.8 01 12 33
MERRYMEETING LAMEEP SPOT 0.7 0.8 01 15 33

MARSH PONI2 DEEP 7.9 11.3 4.0 305 8
JONES POND SITEEEP 7.9 9.4 6.1 172 6
DOWNING POND SITHEX¥EP 6.4 6.1 38 89 9

SDTVIEWSCOPE (M)

MERRYMEETING LAKBWLS HEAI  10.1 103 7.7 131 33
MERRYMEETING LAKEAST END 9.6 9.7 75 123 33
MERRYMEETINGKEDEEP SPOT 10.8 109 84 135 33

MARSH PONL2 DEEP 3.0 3.0 25 33 8
JONES POND SITEBEEP 2.8 3.0 25 36 7
DOWNING POND SITHXEEP 3.1 2.9 18 33 5
DOWNING PONDEEP SPOT 3.0 2.9 1.8 33 9
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Figure3-1. The relationship between chlorophyt and total phosphorus in Merrymeeting Lake (top left), Marsh Pond (top
right), Jones Pond (bottom left), and Downing Pond (bottom right) shows that chloroghytheasure of algae) generally
increases in response to gater total phosphorus concentrations. Thresholds (red lines) for chlorophydind total
phosphorus for oligotrophic (3.3 ppb Ghl 8 ppb TP), mesotrophic (5 ppb &hl12 ppb TP), and/or eutrophic (11 ppb -@hl
28 ppb TP) waterbodies per NHDES.

3.2.3 TEMPERTURE AND DISSOLVED OXYGEN

A common phenomean forNew England lakes is the depletion of dissolved oxygdroittom watersthroughout the summer
months. This occurs whethermal stratification prevents warmer, oxygenated surface waters from mixing with leoo
oxygendepleted bottom waters in a lake. Dissolved oxygen concentrations can change dramatically with lake depth as
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oxygen is produced in the top portion of a lake (where sunlight drives photosynthesis) and oxygen is consumed near the
bottom of a lake(where organic matter accumulates and decomposes). Dissolved oxygen levels befqupt® (and water
temperatures above 24 °C) can stress and reduce habitat for eséder fish and other sensitive aquatic organismihe
minimum water quality criterion i$ ppm dissolved oxygerfor ClasB waters.In addition,anoxia (low dissolved oxygen) at

lake bottom can result in the release of sedimenbund phosphorus (otherwise known asternal phosphorus loading),

which becomes a readily available food source fdgae. While thermal stratification and depletion of oxygen in bottom
watersarenatural phenomera, it is important to keep tracking these parameters to make sure the extent and duration of low
oxygenare not exacerbated by human activities and do not inlhibquatic life use

Dissolved oxygen and temperature profiles from the deep smftMerrymeeting LakeMarsh Pondand Jones Ponghow
midsummerthermal stratification, with high dissolved oxygen and warm water temperatures near the surface followed by a
marked decrease in temperature and dissolved oxygen below the metalimnion tfaiexmocline ), except for Merrymeeting
Lake which shows a metalimnion mama (i.e., supersaturation) and high oxygen levels throughout the water col(figure

3-2). Downing Pond exhibited no thermal stratification and had relatively uniform dissolved oxygen and temperature
readings throughoutts shallow water column.

Low leves of oxygen (&ppm) in thehypolimnion (e.g., bottom watersjvere common inthe ponds(Figure3-2). Extremely
low dissolved oxygen (anoxia, <1 ppm) in the hypolimn@inMarsh and Jones Pondsas likely triggering a release of
phosphorus from sediments, also known as internal loadisge Internal Phosphorus LoadijpgWhen thermal stratification
of Marsh and Jones Pondseaks down in the fall, these phosphoruich waters are mixed and rdistributed throughout the

rest of the water column (a.k.&all tur nover), which can stimulate algae and/@yanobacteriagrowth for the next season.
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Figure 3-2. Average dissolved oxygen and temperature prafité the deep spot oMerrymeeting Lake, Marsh Pond, Jones
Pond, and Downing Pond. Error bars represent standard deviation or spread of the data at each depth intertiahl red
lines denote dissolved oxygen thresholds for Class B Aquatic Life Usgpat &nd probability of internal phosphorus
loading at 1 ppm.
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3.2.4 INTERNAL PHOSPHORUS LOADING

Internal loading estimateswere derived from dissolved oxygen and temperature profiles (to determine average annual
duration and depth of anoxialefined as<1ppm dissolved oxygenand epilimnion/hypolimnion total phosphorus data (to
determine average difference between surface ahdttom phosphorus concentrations) collected at the deep spots of
Merrymeeting Lake from 1972018 and Marsh, Jones, and Downing Ponds from ZIIB. These estimates, along with
anoxic volume and surface area, helped determine rate of release and magteoial phosphorus loading per year.

There was no evidence of significant internal loading or an extended anoxic period in both Merrymeeting Lake and Downing
Pond (Figure3-3). Both Merrymeeting Lakeand Downing Pondghowed bottom phosphorus concentratits to be nearly the

same as neasurface phosphorus concentrations and showed no anoxia in bottom watdfisimum dissolved oxygen
concentration in the deepest layesf Merrymeeting Lakeanged from 67 ppm at the three deep spots. Downing Pond is
shallow (3 m at its deep spot) and flushed regularly 11d¥nes per year) by large upstream flows from Merrymeeting Lake,
Marsh Pond, and Jones Pond, preventing a stable thermal layer from forming in summer and causing consistent
replenishment of oxygefrich waters throughout the water column.

Marsh and Jones Ponldad evidence ofsignificant internal loading (Figur8-3). Because of thermal stratification and lack of
vertical profile mixing in summer, increases in bottom phosphorus from internal loading at MamshJanes Ponds were
cumulative until system flushing in October when Merrymeeting Lake was drawn down to its winter level. Bottom phosphorus
concentration in Jones Pond decreased in September (earlier than observed at Marsh Pond and before system flikghing)

due to a partial breakdown of thermal stratification and mixing of upper layers following a large rain event. A similaghthou
less pronounced, pattern was observed for Downing Pond, which is one meter shallower than Jones Pond and two meters
shalower than Marsh Pond.
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Figure3-3. Median total phosphorus concentrations by month and by depth zone (surface, epilimnion, and
metalimnion/hypolimnion) for Merrymeeting Lake, Marsh Pond, Jones Pamd, Downing Pond. Note differences irayis
scales for total phosphorus for each waterbody. Significant internal loading was evident at Marsh and Jones Ponds.
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3.25 CYANOBACTERIA

Cyanobacteria aresmall photosynthesizing, sometimes

nitrogen-fixing, singlecelled bacteria that grow in colonies

ERRYMEETING RI¥ERKBANVATERSHED MANAGEMENT PLAN

in freshwater systems. Cyanobacteria blooms can (but N

always) produce microcystins and other toxins that pose
serious health risk to humns, pets, livestock, and wildlife
such as neurologicalliver, kidney, and reproductive orga
damage, gastrointestinapain orillness,vomiting, eye, ear,
and skin irritation, mouth blisteringtumor growth, seizure,
or death Blooms can form dense maty surface scum that

can occur within the water column or along the shorelings
hig

Dried scum along the shoreline can harbor
concentrations of microcystins that can reenter a
waterbody months later.Cyanobacteria can regulate thei

buoyancy with internagas bubbles, allowing the cells to risd

and descend in the water column to optimize sunlight an

nutrient capture for growth.There are several different

species of cyanobacteria, such as:

1 Anabaena/Dolichospermum: typically observed
as filaments,
anatoxins, saxitoxins, and cylindrospermopsin
Microcystis: typically observed as variations o
small-celled colonies, associated with microcyss
and anatoxins
Planktothrix/Oscillatoria
filaments,
cylindrospermopsin can maintain high growth rate
at relatively low light intensities as seen when
forms metalimnetic blooms in Marsh and Jose
Ponds

. typically observed as

Cyanobacteria blooms andheir associated toxins have

been recorded in the Merrymeeting River, including Mars

associated with microcystins

associated with microcystins anc

Cyanobacteria in the Merrymeeting River. Photo Credit:
Mike Gelinas.

Sabina Perkins, a Masterssudent at UNH, monitored a
dense nearly monospecific layer of cyanobacteria in Marst
Pond monthly April through October in 2018, tracking the
formation and persistence of the deewater cyanobacteria
layer and the physical/chemical/light environments wiesit
was found. Cyanobacteria blooms take different forms:
surface scums, subsurface epilimnetic blooms,
benthicmats, and in some lakes, metalimnetic layers. Ther
is limited field research on the seasonal behavior of
metalimnetic layers and the contribiion of layerproduced
cyanotoxins to the overall toxin profile of New Hampshire
lakes. Cyanobacteria abundance and dominance were
quantified through cell counts using an Imaging Flow
Cytobot (IFCB) and with phycocyanin fluorescence
hestimates. Persisteniearly monospecific populations

Jones, and Downing Ponds, and more recently Mill Polcof Planktothrix isothrixwere detected in the metalimnion of

(Table 36). These blooms feed on the nutrienich waters of

the Merrymeeting River and ponds downstream of th

Powder Mill State Fish Hatcheand Coffin Brook

It is unlikely that cyanobacteria will be fully eradicated in th¢
Merrymeeting River and Lake watershed; some species

cyanobacteria can become dormant irediment and then

can jumpstart cell reproduction once conditions are

favorable(warm water temperatures and plenty of sunligh

and nutrients) However, we can substantially minimize

conditions favorable for blooms, such as reducing nutrient
rich runoff fom the landscapeduring warm, sunny spells

and substantially reducing the point source discharge

phosphorus from the Powder Mill State Fish Hatché&kater

level and flow also helps to either flush out blooms or lim
upstream nutrient sources tetymie growth. The dam at
Downing Pond was lower by 8 inches in 2017 and 14 inc
in 2018, which coupled with wet years increased the flushi

Marsh Pond multiple years in a roWwhe layers appeared to
2 migrate up from the sedimentdinding a depth with high
nutrients, thermal stability, and low light levels that still
allowed for photosynthesisVery low leved of microcystin
toxin ranging from below the detectable limit to 7 ng/L
c(more than 40 times lower than the most conservative
drinking water allowance set by the EPA at 300 ng/L) were
measured in both the surface and cyanobacteria layer at
Marsh Pond. Thigises the possibility that the dominant
strain found in the metalimnetic layers may not produce
microcystin or did not experience conditions in the 2018
growing season that favored the production of
f microcystin.While these dens&/anktothrix isothrifayers
did not appear to be producing microcystin at levels
t considered harmful to human health, we did not test for
other toxins, like anatoxin, thaP/anktothrix spare known
¢to produce and therefore cannot say definitively that these

rclayers do not represet a human health risk.

rate through Downing Pond and no cyanobacteria blooms
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were recorded. Thus;ontrolling water flow may be one managemestrategy for minimizing cyanobacteria blooms in the

future, along with phosphorus load reduction actions

Table3-6. Cyanobacteria blooms occurring in the Merrymeeting River watershed since 2015.
MMWMA=Merrymeeting Marsh Wildlife Management Area.

Organism Year Location lliness Reported Count/mL
Anabaenaspp. 2015 Downing Pond No 4,100,000
Anabaenaspp. 2016 Downing Pond 1 cat died 170,000
Anabaenaspp. 2016 MMWMA 1 human iliness Unknown
Planktothrixspp. 2016 Jones Pond No 2,300,000
Planktothrisspp. 2017 Jones Pond 1 human rashes 1,700,000
Planktothrixspp. 2018 Jones Pond No 948,000
Planktothrixspp. 2019 Jones Pond No 282,000
Planktothrixspp. 2018 Marsh Pond No 3,000,000
Planktithrixspp. 2019 Marsh Pond No 150,000
Microcystisspp. 2018 Mill Pond No 30,000

Anabaenaspp. was not speciatedP/anktothrixspp. was speciated aBlanktothrix agardhivarietyisothrix
Microcysticspp. had the microscopic appearance bficrocystis aeruginosa

3.2.6 TRIBUTARY¥ MAINSTEM/ATER QUALITY ANALYSIS

Severalributaries feed into Merrymeeting Lakéarsh Pond, Jones Pond, and Downing Pond befloeeMerrymeeting River
continues to flow south then northwestand joins with Coffin Brook in Altorbefore emptying into Alton Bay of Lake
WinnipesaukeeTrained volunteers spent considerable time collectimymerous samples throughout the Merrymeeting
River and Lake watershed from 202618, contributing to a growing database that helps to track areas with elevated
phosphorus concentrations in the watershetihe data for these tributary and mainstem sitesmgaised as general guidelines
for setting attenuation factors and confirming overall model calibratiGhable 37, see Watershed ModelingAside from the
Powder Mill Fish Hatchery point source discharge, the watershed load (representingotiteibuting land cover) to Coffin
Brook was determined to be a significant source of phosphorus to the Merrymeeting River in Alton.

Tributaries to the south side of Merrymeeting Lakteat 100%

were impacted by the largscale logging in 20179 were 905 | : I
tested for total phosphorus, conductivity, and/or turbidity 8 oon | ,

by CMSC from 20418. Two tributaries draining the 2017 3

logging area showed moderately elevated tota 2 T0% | '

phosphorus but returned to prdogging conditions the E 60% | :

next year. Two of seven tributaries draining the 28 & 50% |

logging area showed elevated total phosphorus as we 2 40% | '

but one of the tributaries was extremely elevated in tote '_f 30% :
phosphorus, prompting a visit from the State Forester an g 20% I

subsequent installation of erosion prevention measures. “ 10% | :

While there are no state criteria for nutrients in rivers ar 0% -] | 1

streams, we can compare the statistics presented in Tak 1 10 100 1000
3-7 to the distribution of total phosphorus in New Total Phosphorus (ug/L)

Hampshire rivers based on datalkected from 19962018
(Figure 34). The statewide median total phosphorus
concentration in rivers is 14 ppb, with 5 ppb, 9 ppb, 22 pg
and 50 ppb representing the 'S 258", 75", and 9%
percentiles, respectivelyMost of the sampledributary
and maintain sites of the Merrymeeting River fall in thé& 5(
percentile or greater compared to other rivers in the state

Figure3-4. Cumulative frequency distribution plot of total
phosphorus data collected in New Hampshire rivers from 19¢
2018 (shown as blue line). Data represent 32,422 samples fr
710 assessment units that had 10 more samples. Plot obtain
from NHDES. The statewide median total phosphorus
concentration in riverds 14 ppb (red line), with 5 ppb (teal line
9 ppb (long dashed grey line), 22 ppb (short dashed grey line
and 50 ppb (orange line) representing th&, 25", 75", and 9%'
percentiles, respectively.
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Table 3-7. Summary statistics for total phosphorus (T ppbfor tributary and mainstem river sites (data includes all
samples yearound through 2018)n = total number of sampling events (used in summary statistics).

SITE Waterbody Sub-basin Median Mean Min Max n
Adder Hole Cove Merrymeeting Lake Adder HoleBrook 10.6 17.0 9.7 30.8 3
130 SSR Merrymeeting Lake Broad Cove Brook 8.9 19.8 5.7 40.7 7
250 NSR Merrymeeting Lake Direct Shoreline MML 18.0 18.0 16.9 19.0 2
45 SSR Merrymeeting Lake Direct Shoreline MML 12.3 22.5 12.3 43.0 3
386 SSR Merrymeeting Lake East Durgin Brook 3.6 3.6 3.6 3.6 1
1PPR Merrymeeting Lake East Pine Point Brook 141 13.3 11.0 14.7 3
368 MMR (Mt. Bet Bk) Merrymeeting Lake Mount Bet Brook 4.3 4.1 3.8 4.3 3
MM LAKE OUTFLOW (MERRYMEETING R Merrymeeting Lake Outflow 4.1 5.2 2.9 21.3 18
Camp Pride Road East Merrymeeting Lake Peter Brook 14.0 14.7 11.3 18.9 3
195 NSR Merrymeeting Lake Pleasant Cove Brook 11.2 10.9 8.2 13.3 3
284 SSR Merrymeeting Lake Unnamed Trib to MML 7.7 8.1 4.5 12.4 5
Camp Pride Road West Merrymeeting Lake Upper Goodwin Brook 9.5 9.5 7.0 11.9 3
423 MMR Merrymeeting Lake West Durgin Brook 6.8 6.7 5.1 8.1 3
BEAR POND TRIBUTARY Marsh Pond Bear Pond Brook 6.8 7.8 5.8 11.7 4
UNNAMED STREAM Marsh Pond Bear Pond Brook 5.5 5.7 4.0 7.7 3
Logging Harvest Pole 3156 Marsh Pond Brackett Rd Culvert Drainage 425.1 425.1 4251 4251 1
MARSH POND SITEBDAT ACCESS Marsh Pond Direct Drainage to Marsh Pond 37.3 37.0 12.7 62.9 22
Outfall #2 Marsh Pond PMFH 52.5 56.7 23.0 120.0 10
Hatchery Marsh Pond PMFH 36.0 81.1 2.5 576.6 11
Outfall #1 Marsh Pond PMFH 38.9 38.9 38.9 38.9 1
West Str. 1B Marsh Pond North Trib to Marsh Pond 12.0 12.0 12.0 12.0 1
BRIDGE ON MERRYMEETING LAKE ROAI Marsh Pond Outflow 30.1 28.7 13.1 57.6 20
Rattlesnake Mt. Brook Marsh Pond Rattlesnake Mountain Brook 3.4 3.4 2.4 4.3 2
MARSH SW SITE Marsh Pond West Trib to Marsh Pond 9.2 11.3 7.9 18.7 4
West Str. 1A Marsh Pond West Trib to Marsh Pond 8.9 8.9 8.9 8.9 1
Brackett Road Ephemer&ulvert Jones Pond Culvert Drainage to Jones Pond 7.9 12.7 17 37.1 6
Hoover Bridge Jones Pond Jones Pond 23.6 235 12.8 45.0 18
JONES POND SITE-Z¥EP Jones Pond Jones Pond near outflow 314 31.4 314 314 1
Jones Pond 70 MMR Jones Pond Tribto Jones Pond 18.2 18.2 7.3 29.0 2
DOWNING POND SITEN®RTH BACKWATE Downing Pond Direct Drainage to Downing Pond  31.0 31.0 31.0 31.0 1
DOWNING POND SITBMM LAKE RD AT CL Downing Pond Direct Drainage to Downing Pond  30.5 30.5 30.5 30.5 1
SITE 7N Downing Pond Direct Drainage to Downing Pond  59.3 59.3 59.3 59.3 1
SITE 7S Downing Pond Direct Drainage to Downing Pond  29.9 29.9 29.9 29.9 1
Small inlet near Site 4 Downing Pond Direct Drainage to Downing Pond  12.4 12.4 12.4 12.4 1
Downing Pond Deep near inlet Downing Pond Downing Pond DEEP 17.7 17.7 17.7 17.7 1
DOWNING POND SITE MAIN ST BRIDGE  Downing Pond Downing Pond outflow 22.1 21.7 12.1 34.7 19
Downing Pond Foxy Johnny Downing Pond Foxy Johnny Tritto Downing Pond  13.4 17.3 10.1 28.4 3
SITE 4 DOWN Downing Pond MMR- Jones to Downing Pond 43.4 43.4 43.4 43.4 1
SITE 4 UP Downing Pond MMR- Jones to Downing Pond 313 29.6 18.1 39.5 3
Bickford Woodlot BW #1 Downing Pond North Tribto Downing Pond 6.0 6.0 6.0 6.0 1
Bickford Woodlot BW #2 Downing Pond South Trib to Downing Pond 17.7 317 13.6 63.8 3
DOWNING POND SITE 6 Downing Pond South Trib to Downing Pond 21.2 21.2 21.2 21.2 1
Coffin Brook MMRAIton Coffin Brookl (Outflow in marsh) 21.8 21.8 20.4 23.1 2
MMR COFFIN BROOK @ RT. 28 MMRAIlton Coffin Brook3 (Rt. 28) 20.5 213 10.0 42.9 17
Coffin Brook @ Coffin Brook Rd MMRAIton Coffin Brook4 (CBR) 25.6 25.0 10.9 39.9 16
Coffin Bk 30366 Rt.140 MMRAIlton Coffin Brook6 215 215 215 215 1
Rt 140 Youngstown Rd MMRAIton Coffin Brook6 185 18.5 185 18.5 1
Rt 140 Rocky Mt (332 Gilman Hy) MMRAIton Coffin Brook7 (Rt. 140) 22.6 22.6 4.9 40.2 2
Meadow Dam MMRAIton Meadow Pond (Outflow @ Rt. 140) 6.3 6.3 6.3 6.3 1
Tanya Silver MMRAIton Meadow Pond (Outflow @ Rt. 140) 6.3 6.3 6.3 6.3 1
Mill Pond @ Culvert MMRAIlton Mill Pond 33.2 33.2 33.2 33.2 1
Mill Pond near Fire Station MMRAIton Mill Pond 33.0 33.0 33.0 33.0 1
School Street CulvertAlton) MMRAIton Mill Pond 19.1 19.1 19.1 19.1 1
Rt. 11 State Boat Access MMRAIton MMR2 (Site 11) 20.0 22.5 13.3 42.9 19
127 NDR (Alton) MMRAIton MMR3 (Rt. 28) 15.2 15.2 15.2 15.2 1
244 NDR (Alton) MMRAIlton MMR3 (Rt. 28) 89.6 89.6 89.6 89.6 1
99 NDR (Alton) MMRAIton MMR3 (Rt. 28) 115 115 115 115 1
Merrymeeting River @ Route 28 (Alton) MMRAIton MMR3 (Rt. 28) 15.0 16.3 10.8 27.3 18
MM River Before Coffin Brook MMRAIton MMR3 (Rt. 28) 19.7 19.7 18.1 21.3 2
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SITE Waterbody Sub-basin Median Mean Min Max n
“MM River Both MM@offin Brook MMRAIton MMR3 (RL. 28) 19.6 196  17.7 215 2
Route 140 (Alton) MMRAIton MMR4 (Rt. 140) 15.3 15.6 10.8 22.2 18
Alton Power Dam MMRAIlton MMR5 (Rt. 11) 18.4 18.4 18.4 18.4 1
ROUTE 11 BRIDGE @ ALTON BAY MMRAIlton MMRS5 (Rt. 11) 16.7 16.3 11.0 20.9 18
Liberty Tree Park MMRAIton NA 73.2 73.2 73.2 73.2 1
Rt. 140 at Ingalls Rd MMRAIlton NA 4.4 4.4 3.8 4.9 2
Wentworth Pond @ Culvert MMRAIton NA 26.9 26.9 26.9 26.9 1
826 SBCR MMRAIlton Trib 1E to Coffin Brook 5.6 5.6 5.3 5.9 2
Coffin Bk 829 SBCR MMRAIton Trib 1W to Coffin Brook 5.9 5.9 4.0 7.8 2
510 SBCR MMRAIlton Trib 2S to Coffin Brook 25 45 25 8.4 3
Rt 28 sand pit MMRAIton Trib 3 to Coffin Brook 37.3 37.3 16.9 57.6 2
Stockbridge Corner Rd (SBCR) 188 MMRAIton Trib4S to Coffin Brook 14.4 17.4 11.8 25.9 3
CBR N1 MMRAIlton Trib 5 to Coffin Brook 21.3 20.9 8.4 33.9 5
Coffin Bk on Horne Rd MMRAIton Trib 5N to Coffin Brook 16.6 18.5 15.3 23.6 3
CBR N 2 (0.3 miles from CBRIQY CBR) MMRAIlton Trib 5S taCB/ Trib 5N to ® 24.6 22.6 13.7 275 4
CBR N 3 (100 feet from CBRN2, 99 CBR)  MMRAIton Trib 5S taCB/ Trib 5N to ® 7.0 6.7 4.8 7.8 4
Rt 140 (630 Gilman Highway) MMRAIton Trib 5SW to Coffin Brook 8.7 8.5 8.1 8.7 3
Coffin Bk Rt.140 before Halls Hill MMRAIton Trib 6 to Coffin Brook 40.0 40.0 40.0 40.0 1
Coffin Bk Rt.140 before Horne MMRAIton Trib 6 to Coffin Brook 28.5 26.5 15.3 35.6 3
Al 60te AEODO b® 080n MMRAlton Trib 6W to Coffin Brook 16.9 174 169 185 3
Moore Farm @ Russell Waj}RR MMRAIton Trib to MMR3 (Moore Farm) 57.2 57.2 57.2 57.2 1
RT 28 Circle True Harvest Store MMRAIton Trib to MMR4 22.5 22.5 22.5 22.5 1

3.3 WATERSHHBEBODELING

Environmental modeling is the process of using mathematics to represent the natural world. Models are created to explain
how a natural system works, to study cause and effect, or to make predictions under various scenarios. Environmental models
range fromvery simple equations that can be solved with pen and paper, to highly complex computer software requiring
teams of people to operate. Lake models, such as the LLRM, can make predictions about phosphorus concentrations,
chlorophyll-a concentrations, and wigr clarity under different pollutant loading scenarios. These types of models play a key
role in the watershed planning process. USEPA guidelines for watershed plans require that both the assimilative capacity of
the waterbody and pollutant loads from thevatershed be estimated.

3.3.1 ASSIMILATIVE CAPACITY

A lake receives natural and humaterived inputs ofutrients, such aphosphorus in runoffor groundwater inputsfrom its
watershed. This phosphorus can be taken up by aquatic life within the lake, sattleeibottom sediments, or flow out of the

lake to downstream waterbodies. In this sense, there is a natural balance between the amount of phosphorus flowing in and
Uoos U% | O] 02 éepeosz2xh | OeU O@UUEG | & o dssimilatidEdpicdyp baskdon| O] C
factors such as lake volume, watershed area, precipitation, and runoff/baseflow export coefficients. If a lake is receixéng m
phosphorus from the watershed than it can assimilate, then its water quality will decline over time as algaenmbeyteria

blooms become more frequenDecomposition of accumulated organic matter from dead algae or cyanobacteria and plants

can result in anoxia in bottom waters, which can release phosphorus back into the water column (i.e., internal loading) as

food for cyanobacteria, algae, and plants and can also be lethal to fish and other aquatic organisms.

The assimilative capacity analysis, including calculations for total assimilative capacity, reserve assimilative capadity, an
remaining assimilative capacitywere conducted in accordance with the Standard Operating Procedure for Assimilative
Capacity Analysis for New Hampshire Waters (Appendix B in the NHDES Guidance for Developing Watershed Management
Plans in New Hampshire for Section 319 Nonpoint Sourca&i@eogram Project, revised April 14, 2010).

For New Hampshire waters, water qualilyA é 2 e AUO®e 6é2® EQ@ | éeExEQO| 8EGW2 «| e «E
trophic classForMerrymeeting Lakgthe trophic state was determined to be oligotrophic in 1977,9,2$d2006. This means

that in-lake water quality should be consistent witthe standards for oligotrophic lakesMarsh Pond was assessed as
eutrophic in 1986; Jones Pond was assessed as mesotrophic in 1986; and Downing Pond was assessed as eutrophic in 2003.
Since TMDLs for individual lakes and ponds have not been completedh yé¢w Hampshire, NHDES bases their attainment
assessments on water quality criteria associated with these trophic classifications (even though they may represent an
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impacted conditiory in this case, the ponds have been impacted by the point source dis@safigm the hatchery since it

became operational in 1947The NHDES CALM states that the water quality goal should be based upon the most likely best
achievable trophic classification, which is ultimately set by the community with the support of modeffayts (to ensure

that the goal is reasonably achievable given natural phosphorus load soytcds2 O] 02 Ué aUJ@®E®KEDES,Ué @A (
2018b) Only one biological survey was completed prior to hatchery constructtoon Jones Pond in 1938, which @shied

good oxygenation throughout the water column. At a minimum, these ponds should exhibit mesotrophic conditions or better
without the influence of the hatcherylt was agreed on by the Water Quality Goals Committee, which included NHDES
representation, that Marsh, Jones, and Downing Ponds should be considered mesotrophic.

As an examplef applying the assimilative capacity criterifor oligotrophic waterbodiesthe nutrient indicator (phosphorus)
threshold is 8.0 ppb and the response indicator (chloropkajithreshold is 3.3 ppb. NHDES recommends 10% of the water
quality threshold be kept in reserve; therefore, the Existing Median Water Quality should remaiw Be2ppb for total
phosphorus and below 3.0 ppb for chlorophydlto be in the Tier 2 High Quality Water category for an oligotrophic waterbody.
Refer to Section 3.1.2 for Lake Water Quality Criteria.

Results of the assimilative capacity analysis for ereeting Lake shoed that Merrymeeting Lakés Tier 2 fohigh quality

waters (for both total phosphorus and chlorophydl assessments; Table&. Tier 2 waters have one or more water quality
parameters that are better than the water quality standard atitht also exhibit a reserve capacity of at least 10% of the

U] d2éo0U®pEgeé dUBd| O | eeExED| 8EGW2 «| alndMErdypesting Lake Are dell difhiOthese A U &
NHDES ALU criteria for oligotrophic lakes and reflect excellent watelitgua

Results of the assimilative capacity analysis for Marsh, Jones, and Downing Ponds showed that the ponds are impaired for

both total phosphorus and chlorophyla assessments and have greatly exceeded their capacity to assimilate additional
nutrients, and thusreflect degraded water quality (Table8.

Table 3-8. Assimilative capacity (AC) analysis restitis Merrymeeting Lake, MarsPond, Jones Pond, and Downing Pond.

Waterbody Parameter ACThreshold (ppb) Existing Median WQ (ppb) Remaining AC (ppb)  Analysis Results
Merrymeeting Lake Total Phosphorus 7.2 35 +3.7 Tier 2 (High Quality)
Merrymeeting Lake Chlorophylta 3 0.8 +2.2 Tier 2 (High Quality)
Marsh Pond Total Phosphorus 10.8 43.1 -32.3 Impaired
Marsh Pond Chlorophylta 4.5 7.9 -3.4 Impaired
Jones Pond Total Phosphorus 10.8 26.7 -15.9 Impaired
Jones Pond Chlorophylta 4.5 7.9 -3.4 Impaired
Downing Pond Total Phosphorus 10.8 25.2 -14.4 Impaired
Downing Pond Chlorophylta 4.5 6.4 -1.9 Impaired

3.3.2 LAKE LOADING RESPONSE MODEL (LLRM) RESULTS

A second analysis was used to link watershed loading conditions with total phosphorus and chloraphghcentrations to
predict past, current, and future water qualityn Merrymeeting LakeMarsh Pond, Jones Pond, Downing Pond, and the
Merrymeeting Rivein Alton. An Excebased model, known as the Lake Loading Response Model (LLRM), was used to develop
a water and phosphorus loading budget for theke and its tributaries by using environmental data. Water and phosphorus
loads (in the form of mass and noentration) aretraced from various sources in the watershed, through tributary and
lake/pond subbasins, to the confluence of the Merrymeeting River and Lake Winnipesaukee at Alton Bay. The model
incorporates data about watershed and sthmsin boundaries, land cover, point sources (e.g., Powder Mill State Fish
Hatchery), septic systems, waterfowl, rainfall,lume and surface area, and internal phosphorlggding. These data are
combined with coefficients, attenuation factors, and equationsifincscientific literature on lakes, rivers, and nutrient cycles.
The model generatesannual average predictiorisof total phosphorus, chlorophyih, Secchi disk transparencyand algae
bloom probability. The model can be used to identify current and futucdlytion sources, estimate pollution limits and water
quality goals, and guide watershed improvement projecBefer to FBE (20&pfor a full description of the model inputs,
limitations, and assumptionsRefer to Appendix A, Map 7 for phosphorus loadblogl area in the watershed.

3The model cannot simulate shoterm weather or loading events.
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We split the watershed into five models: Merrymeeting Lake (Model 1), Marsh Pond (Model 2), Jones Pond (Model 3), Downing
Pond (Model 4), and Coffin BrodkMR in Alton (Model 5) (FiguréB3Models2-5usedd A2 xé2 1EU6 & xmI®2 OF ¢
upstream point source input. This approach allovd for better model parameterization and estimatn of pollution source

loads by land use type and source for each of the targetatierbodies

Model 1 Model 2 Model 3 Model 4
Fish Bear

Hatchery Pond

; v
Merrymeeting A ../ Marsh Jones . Downing -
Lake heeeap) Merrymeeting River > Pond Pond ..o | Merrymeeting River p--» Pond :

v

Model 5

Mill Meadow Coffin Brook
Bay Pond Dam Pond

¥

[PTRR Merrymeeting River |«:«:- Wegg‘:}'gnh «-==:| Merrymeeting River [--

[

===4 Merrymeeting River

Figure3-5. Conceptual diagram that illustrates the major flow paths through the Merrymeeting River and Lake watershed.
Because of the hydrologic complexity of the watershed, the watershed was split into five separate but sequesdiglsm

Overall, model predictions were in good agreement with observed data and were witbi¥b Qrelative percent difference) of
observed median annual total phosphorus (TableB Differences in predicted and observed values for chlorophyéind
Secchi disk transparency were more variable. It is important to note that the LLRM does not explicitly account for all the
biogeochemical processes occurring within a waterbody that admiite to overall water quality and is less accurate at
predicting chlorophylta and Secchi disk transparency. For example, chlorophy# estimated strictly from nutrient loading,

but other factors strongly affect algae growth, including low light frasuaspended sediment, grazing by zooplankton,
presence of heterotrophic algae, and flushing effects from high flows. There were insufficient data available to evaluate the
influence of these other factors on observed chlorophkgltoncentrations and Secchigk transparency readings.

Table3-9. Predictions for Models-b. TP = total phosphorus. Ghl= chlorophyHa. SDT = Secchi disk transparenéypnual
TP represents yearound (not seasonalpbserved dataSee footnotes for additional details.

Predicted

Model Waterbody Annual TP Predicted Observed Mean Mean Chia Observed Predicted
(ppb)* Annual TP (ppb) Chl-a (ppb) (ppb) Mean SDT (m) Mean SDTm)

1 Merrymeeting Lake 3.54.2) 4.2 0.8 0.7 10.3 7.6

2 Marsh Pond 17.7 16.9 4.7 6.3 4.0 2.6

3 Jones Pond 15.7 16.0 4.8 5.9 3.2 2.8

4 Downing Pond 15.3 15.6 3.4 5.7 3.1 2.8

5 Coffin BrookMMR 14.3 15.2 - -- - -

*Observed annual TP of 3apb and 4.2 ppb for Merrymeeting Lake represents medialake epilimnion TP and 20% adjusted increase from mediar
Iin-lake epilimnion TP, respectively. Most lake data are collected in summer when TP concentrations are typically lower thabawenage
concentrations for which the model predicts. Observed annual TP for Modélsi2 flowweighted based on both observed and estimated data (see
OTHER MAJOR MODEL INARUFBE 2019a
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Watershed runoff and baseflow (580%) were the
largest loading contribution across all sources for Mode 1000

1-5, followed by atmospheric deposition (<19%), septic 900
systems (118%), waterfowl (I'%), and internal loading 800
(0-1%) (Table3-10, Figure3-6). Waerbodies downstream 700

of Merrymeeting Lake were dominate@§67%) by the
upstream point source load from the Powder Mill State
Fish Hatchery that discharges to the river below th
outlet to Merrymeeting Lake. The percent contribution o 00
the direct watershe load greatly increased for Model £ .
.

600
500
400

Total P Load (kg/yr)

(Coffin BrookMMR) at Alton Bay because of the larg 200
watershed input from Coffin Brook and along the
Merrymeeting River mainstem through Alton (while th 0

100

B
111

. Model 1 Model 2 Model 3 Model 4 Model 5
upstream load was diluted and attenuated through the
. . . W ATMOSPHERIC INTERNAL
river systembefore discharging to Alton Bay). = WATEREOWL SEPTIC SYSTEM
m DIRECT WATERSHED LOAD UPSTREAM LOAD (MINUS PMSFH)

Although small relative to the point source load from tht
Powder Mill State Fish Hatchery, pollutant loan
contribution from development in the watershed,'9ure3-6. Total phosphorus (TP) load (kg/yr) by source

including septic systems, is an important anc(@tmospheric, internal loading, waterfowl, septic systems,
manageable source of phosphorus to surface waters Watershed load) for Model (Merrymeeting Lake), Model 2

the watershed. Development in the watershed is large(Marsh Pond), Model 3 (Jones Pond), Model 4 (Downing Po
concentrated around or near shorelines where septiand Model 5 (Coffin Brook/Merrymeeting River in Alton).

systems or holding tanks are located within a short

distance to the water, leaving little horizontal (and sometimes vertical) space for proper filtration of wastewater effluent.
Improper maintenance or siting of these systems can cause failures, which leachatetrenutrientrich wastewater effluent

to surface waters.

m UPSTREAM LOAD (PMSFH ONLY)

Internal loading is also a concern given that low dissolved oxygen in bottom waters of Marsh and Jones Ponds is causing a
significant release of phosphorus from bottom sediments (as evidencedheylarge difference between bottom and surface
phosphorus concentrations). Low flushing rate in late summer may further exacerbate internal loading as both the duration
of anoxia and the residence time for nutrients are prolonged. The percent contribudfdnternal phosphorus load to Marsh

and Jones Ponds (relative to other sources) will be more significant when the point source load from the Powder Mill State
Fish Hatchery is remediated; future internal load from legacy point source loading will alsinc@to be a significant source
despite remediation and may need to be addressed separately.

Table3-10 Total phosphorus (TP) and water loading summary by source for ModBls 1

CURRENT

MODEL & SOURCE LOAD P (kaly) % Water (cu.miyn)

Model 1- Merrymeeting Lake

ATMOSPHERIC 55 19% 3,722,937
INTERNAL 0 0% 0
WATERFOWL 20 7% 0

SEPTIC SYSTEM 50 18% 43,181
WATERSHED LOAD 158 56% 16,544,959
TOTAL LOAD TO LAKE 284 100% 20,311,078

Model 2- Marsh Pond

ATMOSPHERIC 2 0% 135,221
INTERNAL 6 1% 0
WATERFOWL 6 1% 0

SEPTIC SYSTEM 5 1% 3,623
DIRECT WATERSHED LOAD 66 13% 7,858,621
UPSTREAM LOAD (FROM MMI 85 17% 11,848,464
UPSTREAM LOAD (FROM PM¢ 342 67% 8,462,614
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CURRENT
MODEL & SOURCE LOAD P (kaly) % Water (cu.miyn)
TOTAL LOAD TO LAKE 513 100% 28,308,544

Model 3- Jones Pond

ATMOSPHERIC 3 0% 172,000
INTERNAL 3 0% 0
WATERFOWL 3 1% 0

SEPTIC SYSTEM 6 1% 4,288
DIRECT WATERSHED LOAD 22 4% 1,692,302
UPSTREAM LOAD (FROM MAF 159 31% 19,845,929
UPSTREAM LOAD (FROM PM¢ 320 62% 8,462,614
TOTAL LOAD TO LAKE 515 100% 30,177,132
Model 4- Downing Pond

ATMOSPHERIC 2 0% 161,176
INTERNAL 0 0% 0
WATERFOWL 6 1% 0

SEPTIC SYSTEM 9 2% 6,606
DIRECT WATERSHED LOAD 29 5% 1,732,592
UPSTREAM LOAD (FROM JON 183 35% 21,714,518
UPSTREAM LOAD (FROM PM¢ 299 57% 8,462,614
TOTAL LOAD TO LAKE 528 100% 32,077,507
Model 5- Coffin Brook/MMR

DIRECT WATERSHED LOAD 438 50% 27,839,805
UPSTREAM LOAD (FROM JON 186 21% 21,554,828
UPSTREAM LOAD (FROM PM¢ 243 28% 7,724,371
TOTAL LOAD TO RIVER 867 100% 57,119,004

3.3.3 HISTORICAL & FUTURE PHOSPHORUS LOADIN®BUANALYSIS

Once the moded are calibrated for current total phosphorus concentratignwe can then manipulate land cover and other
factor loadings to estimate pre&evelopment and future phosphorus loading (e.g., what total phosphorus concentration
wereprior to human development and tat total phosphorus concentratioawill be following full buildout of the watershed
under current zoning).

To predict the predevelopment phosphorus load, FBE manipulated the mogisb that all development was converted back

to natural vegetation, septicystem inputs were set to zero, and internal loading estimates were smaller (assuming anoxic
conditions observed today are the result of excess organic matter and nutrient loading from human activities in the
watershed). The phosphorus load for poevelgoment conditionsfor Merrymeeting Lakavas estimated atl25kg/yr (56%

less than current conditions)wvith an irlake phosphorus concentration df.9 ppb The phosphorus load for prdevelopment
conditions for the Marsh, Jones, and Downing Ponds were estith at 80 kg/yr, 86 kg/yr, and 96 kg/yr {82% less than
current conditions), with inpond phosphorus concentrations of 2.6 ppb, 2.7 ppb, and 2.8 ppb, respectively. The phosphorus
load for predevelopment conditions for Coffin Broekerrymeeting River iAlton was estimated at 196 kg/yr (77% less than
current conditions), with an irstream phosphorus concentration of 3.4 ppb.

To predict the future phosphorus load from increased development, FBE first performdslid-out analysisfor the
Merrymeeting Rier and Lake watershed in titewns of New Durham and Altqi#BE, 208b). The buildout analysis identified
an estimated11,653acres (5%) of thewatershedas developable. Up t&8,762new buildings (al0®%6 increase from 2018)
could be added aftull build -out by the year 290, using the 3§/ear compound annual growth rate ofél8% (Appendix A, Map
8). This predicted increase in development was then input to the model for the Merrymeeting River and Laksveate

The additional future phosphorus loadto Merrymeeting Lakevas estimated atl17kg/yr, with an inlake phosphorus
concentration of6.0ppb. The additional future phosphorus load to Marsh, Jones, and Downing Ponds were estimated at 194
kglyr, 194glyr, and 214 kg/yr, with ipond phosphorus concentrations of 123 ppb, 1222 ppb, and 122 ppb, respectively

(the range of impond phosphorus concentrations reflects model results with and without the hatchery point soufegure

3-7). The addition& future phosphorus load to Coffin BroeMerrymeeting River in Alton was estimated at 1,006 kg/yr, with
an in-stream phosphorus concentration of 283 ppb (the range of istream phosphorus concentration reflects model results
with and without the hatcherypoint source).We presented the alternate extreme future scenarios in this way because the
actual change in load from the Powder Mill State Fish Hatchery is unknown until the permit limit is set by UWSER?er
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Map of buildable area by zone for the Towns of New Durham and Alton, as well as existing and projected buildings in the

Merrymeeting River and Lake watershed based on a full buileout analysis. The build-out analysis identified an estimated 11,653

acres (%5%) of the watershedas developable. Up to 3,762 new buildings (a 101% increase from 2018) could be addeduait build -

out by the year 2090, using the 30year compound annual growth rate of 1.68% (Appendix A, Map 8¢ <6 OOU®d £ O®2 %2 éé& J U
time and circumstances whereby no more building construction may occur, or the point at which lots have been subdivided to the

minimum size allowed based on current zoning standards| @® & A2 é2 Eé @U xUé2 Z®2 02 Qdie|] ©02 2z O]
analysis shows aocality what land is available for development, how much development can occur, and at what densities.

Municipalities can use the analysis as a tool for planning development patterns in the future and understanding development

impacts to water quality.

FB Environmental Associates 30



MERRYMEETING RISERKBNVATERSHED MANAGEMENT PLAN

future scenario, the Merrymeeting River and its ponds are at serious risk for sustained water quality degradation as a

result of new development in the watershed.

Results of the builebut analysisand future load modelingeinforce the concept of comprehensive planning at the watershed
level to address future development and its effect on wagenlity. Futuredevelopment willincrease the amount of polluted
runoff that drains to Merrymeeting River and Lakay new increass in phosphorus can disrupt the ecological balance in
favor of increased algae growth, resulting in degraded water clafityerefore, it is recommended that town officials
revisit zoning ordinances to ensure that existing laws encourage LID techniquegsee Section 5.2).Theimpact from new
buildings and septic systems can be greatly reduced by implementifijechniques and ensuring that all new septic systems
are well separated from surface waters both horizontally and vertically (above seasonal hogindvater in suitable soil).
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Figure3-7. [TOP]Modeled total phosphorus concentrations for pigevelopment, current, and future conditions with the
average annual load (2012018) from the Powder Mill State Fish Hatchery unchanfi@@TTOM]Modeled total

phosphorus concentrations for prelevelopment,current, and future conditions with the average annual load from the
Powder Mill State Fish Hatchery removed. Dotted lines represent phosphorus concentration thresholds for each trophic

class, which apply to lakes and ponds and not to rivers.

3.4 ESTABLISHMHENOF WATERUALITGOAL

The goal of the Merrymeeting River and Lake Watershed Management Riaimgprove water quality in Merrymeeting

Lake, Marsh Pond, Jones Pond, Downing Pond, and the Merrymeeting River at Alton Bay eliminate the presence of
toxic cyanobacteria blooms that impair these waterbodies for aquatic life use and primary contact recreation. This
goal willbe achieved by accomplishingpree objectives. More detailed action items to achieve these objectiaesprovided

in Section 5.2
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Objective 1: Reduce pollutant loading to Merrymeeting Lake by 16 kg/yr to maintain alake median total
phosphorus concentration of 3.5 ppb in the next 10 years.

Objective 2: Reduce pollutant loadingo Marsh, Jones, andd@vning Pondsby 307kg/yr to achievein-pond median
annual and monthlytotal phosphorus concentratios of 10 ppb.

1 Reducingthe Powder Mill State Fish Hatchery phosphorus loadyg78% @93kg/yr) and preventing
future phosphorus loadinganticipated from new development in the next 10 yeat< kg/yr) can be
achievedthrough hatchery system design upgrades abg implementing LID regulations on new
development and/or implementing stormwater or septic system improvements to reduce polhutio
from existing development; refer to Section 3Note that these reduction targets account for Objective
1 reduction targets.

Objective 3: Reduce pollutant loadingo the Merrymeeting River at Alton Bay 198kg/yr to achievean in-stream
medianannual and monthlytotal phosphorus concentratiorof 10 ppb.

1 Reducing current phosphorus loadingby 88 kg/yr and preventing future phosphorus loading
anticipated from new development in the next 10 years (110 kg/yr) can be achieved by implementing
LID regulations on new development and/or implementing stormwater or septic system improvements
to reduce pollution from existing development; refer to Section 3.5. Note that these reduction targets
account forObjective 1 and 2 reduction targets.

The interim goals for each objective allow flexibility in-essessing water quality objectives following more data collection

and expected increases in phosphorus loading from new development in the watershed over the next 10 or more years (Table
3-11). Understending where water quality will be following watershed improvements compared to where water quality should
have been following no action will help guide adaptive changes to interim goals (e.g., goals are on track or goals ae fallin
short). If the goals @& not being met due to lack of funding or other resources for implementation projects versus due to
increases in phosphorus loading from new development outpacing reductions in phosphorus loading from improvements to
existing development, then this createnuch different conditions from which to adjust interim goals. For each interim goal
year, thecommittee should meet to update the water quality data and model and assess why goals are or are not being met.

The group will then decide on how to adjust thext interim goals to better reflect water quality conditions and practical
limitations to implementation.

Table3-11 Interim benchmarks for the water quality objectives. Refer to Action Plan (Seétidnhfor specific
recommendations related to each objectiv@P = total phosphorus.

Water Quality Interim Goals/Benchmarks
Objective 2020 2023 2028

1. Reduce pollutant loading to Merrymeeting Lake by 16 kg/yto maintain an in-lake median total phosphorus concentration of 3.5 ppb in the
next 10 years.

Prevent or offset 5 kg/yr in TP loading Prevent or offset 10 kg/yr in TP loading  Prevent or offset 16 kg/yr in TP loading

from new or existing development from new roexisting development; re from new or existing development; ve

evaluate water quality and track progres: evaluate water quality and track progress

2. Reduce pollutant loading to Marsh, Jones, and Downing Ponds by(& kg/yr to achieve inpond median annual and monthly total phosphorus
concentrations of 10 ppb.

Prevent or offset 5 kg/yr in TP loading Achieve 293 kg/yreduction in TP loading Achieve 293 kg/yr reduction in TP loading

from new or existing development with hatchery upgrade; prevent or offset with hatchery upgrade; prevent or offset
10 kg/yr in TP loading from new or 14 kdyr in TP loading from new or existing
existing development; reevaluate water  development; reevaluate water quality
quality and track progress and track progress

3. Reduce pollutant loading to the Merrymeeting River at Alton Bay by 198 kg/yr to achieve an istream median annual and monthly total
phosphorus concentration of 10 ppb.
Achieve 20 kg/yr reduction in TP Achieve 40 kg/yreduction in TP loading  Achieve 88 kg/yr reduction in TP loading
loading from existing development; from existing development; prevent or from existing development; prevent or
prevent or offset 25 kg/yr in TP loadiny offset 50 kg/yr in TP loading from new or offset 110 kg/yr in TP loading from new o
from new or existing development existing development existingdevelopment
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3.5 POLLUTANSOURCBENTIFICATION
3.51 POWDER MILL STATE FISH HATCHERY

The Powder Mill State Fish Hatchery was bhittthe NHFGIh 1947 and has remained the largest fish hatchery in the State
of New Hampshire, stockinigrook trout, rainbow trout, brown trout, and landocked salmonin rivers and lakes throughout
the state. On average, the hatchery stocks 2,88i@bow trout and landlocked salmonin Merrymeeting Lake each yedrhe
hatchery itself covers 25 acres of the 102 acres that are part of the Nldw@E Marks Wildlife Management Area.

The NHFGD withdraws water from an intake approximately 50 feet deep in Merrymeetingtd.agply cold, wel
oxygenated water yearound for its fish rearing operations, located just below the Merrymeeting Lake outlet dam. These
water withdrawals account for 42% of the average annual water volume outflow from Merrymeeting Lake (data sumimarize
using 20142018 monthly average flow reported to EPA). Water from the facility is discharged via Outfall #1 (2,666,933 cubic
m/yr) about 0.25 river miles from the lake outlet and Outfall #2 (5,762,681 cubic m/yr) located about 0.53 river mildsefrom t
lake outlet(Figure 38). The hatchery discharges a neemnstant water load containing phosphorus levels approximately 12
times higher than the outflow concentration from Merrymeeting Lafgbough monthly average phosphorus levels are
variable depending otthe time of year and facility activitiesThe discharge from the hatchery in summer during low baseflow
conditions is the only headwater source for the river and increases the concentration of phosphorus in the river and
downstream waterbodies (leadingtalgae and cyanobacteria blooms and excessive plant growth), while the discharge from
the hatchery in other times of year during hidlow conditions is diluted by other sources of water with lower phosphorus
concentrations (e.g., water release fromtje©2 G E| o68A2 ®| xgeé e xEOOuU| poc

The NHFGD operates the hatchery under a US&ppkoved permit that regulates the amount of water and pollutants that
can be extracted from the lake and then discharged from the facilitpgder the current permit, theNHFGDOs required to
conduct one 24hour composite sample at each outfall on a quarterly basis and reportaleragemonthly and maximum

daily values. Th&lHFGuses an automated composite sampler that samples once every 15 minutes (for a total of 96 samples
per day). In most cases, the two reported valwdsaveragemonthly and maximumdaily valueswill be equal because only

one 24hour composite sample is collected.

The NHFGD is currently under pending litigation from the Conservation Law Foundation to dedhe hatchery to
substantially reduce phosphorus loads discharged from the outfallse NHFGD is awaiting the final phosphorus permit limit
from the USEPA before proceeding with construction plans for the hatchery upgrade. In the meantime, the NHH#&Prhas
working with the local community to alter current practices at the hatchery that reduce phosphorus loads to the river.
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Figure3-8. Average monthly flow volume discharged by the Powder Mill SEagl Hatchery (Outfalls #1 and #2), estimated
monthly flow volume discharged directly from Merrymeeting Lake (dwtchery outflow), and average monthly
Merrymeeting Lake surface elevation (data obtained from Merrymeeting Lake Association). Negatiatobery outflow
estimates from JulySeptember suggest that both the hatchery and evaporation extract more water than what is
replenished by precipitation.
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3.5.2 MILL POND

During the process of developing the watershe
management plan, Mill Pond was identified as a significa
pollution source to the Merrymeeting River. NHDES ai§
CMSC have completed preliminary assessments of Mill Pg
showing serious water quality degradam as a result of
elevated phosphorus concentrations and subsequent alga
and cyanobacteria blooms. NHDHfas placed Mill Pond on
the 303(d) list of impaired surface waters as impaired f
aquatic life use due to elevated levels of cyanobacter
microcystins.
QEOO _Ug® u|é «é2]|82® EOQ
(currently known as Letter S Road) wastendedsouth to
connectthe WentworthMills, which included a grist mill, sa
mill, and box shop at the dam to Wentworth Pont, the
present Route 14(&iffin, 1965)The Wentworth Mills district
expanded to include a blacksmith shop amstaughterhouse
before an arsonist set fire to the entire complex in 1906.

Despite the tragic fireghe areacontinued to be productive
and popular for residents. Howevegeven before the 1900s
people knew that water from Mill Pond was unfit for humafs
consumption. Homes built in the hill district of Main Streesg i :
(also known as the Belvedere section because of its upscal%rainage area to Mill Pond which is connected to Wentworth
homes owned by Alton businessmen) therefore dreveith  pong along the Merrymeeting River via two small culverts
water from an aqueduct system that supplied the village. Theynder Letter S Road.

aqueduct was developed in 1829 by William Emerson and

James Jewett and started at a spring near the Charles Coffin Mooney house on Wolfeboro Hill amrtesg28Ropposite the
junction with Od Wolfeboro Road.

The water quality of Mill Pond has since suffered from both legacy and current sources of pollution. A landfill alongkbhe ban

U% QEOO U@® u| é E@ U2 é| dE Falowhg 208 rainfkvents CMSEBprve@deepagE Bomd U |
the banks of Mill Pond at the capped landfill, indicating a possible break in the lining. Further investigation is redhiired.
commercial laundromat along Route 11 experienced a complete septic system failure that resulted in ragesdisaharge

to Mill Pond for nearly a year in 1979 before it was identified and shut down. About 50 years ago, a large sawdust pile remna
from the sawmill at the former Wentworth Mills was bulldozed into Mill Pond. About 25 years ago, the stormwaten $ys

Route 11 was reconfigured to direct untreated stormwater runoff to Mill Pdvidll. Pond should be prioritized for future
monitoring of phosphorusand cyanobacteria, as well as pollutant sourceestigatiors of potential NPS pollution issugsee

Action Plan in Section 5.2)
3.5.3 WATERSHED SURVEY

A watershed surveys afirst-phase, screenindevel assessmentesigned to locate potential sources of NPS pollution within
areas that drain to a waterbodylThe watershed isassessed by foot or cdrom public access points (e.gpublic roads,
common areas) unless informatiois provided by private landownersResults of the survey are essential to the watershed
planning process because they identify individual NPS sites and prioritize Biiementation projects throughout the
watershed.Full-scale designs and cost estimates will need to be completed for each of the identified watershed survey sites.
These followup actions are detailed in the Action Plan (Section 5.2).

FBEwas contracted 6 complete a watershed survethat identified and documented evidence of sediment erosion or
ZAUoseaxUsez U¥% Qo60¢E2 @0 OU| ®EG¢ 08U &0 ¢ 3%| «Cnmiltpld datedfror Mayd Az (
August, Fred Quimby documented 41 eros®A Ud é eUdz €Ed2é O0A| 8 x| p ©2 ®23€EEx2 @0 |
8/23/2018FBREechnical staff (Forrest Bell and Christine Bunyon) surveyed a portion of the watershed, following up on several

sites already identified by Fred Quimby and«é x 2 @8 E@, O @24 2 ¢éUGEU@® ZAUdséaxUdz &E
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(Laura Diemer) surveyed the entire watershed, following up on several sites already identified and documenting 35 new

2 ¢ UGEU@G ZAUOB é aU arefer ® BEppéndix AONEDS). BoEunentatiod idaufle® describing the problem, making

€2 «Uxx2 @®| 8EUQGEe %Ué WUEYED:; o0A2 =é6U002xb é| 0E@: d8Az @Ed2 &«
photographs

General recommendations included stabilizing pulffs and driveways, infiltrating concentrated flowpaths via turnouts,
settling basins, or trenches, defining and meandering pathways, using coarse gravel or riprap (avoiding small pebbles that
can be carried away easily), and installing and armoring ditches anl¢erts. Many properties were already using catch
basins to capture runoff and sediment, which may be the only practical means to capture runoff given the steep grades and
lack of suitable area to infiltrate surface water. North and South Shore Roadsgalberrymeeting Lake were especially
characterized by steep grades and minimal road shoulders and ditches, which generate significant stormwater runoff and
erosion issues. Because of these landscape challenges, construction sites are especially vulneriaiyedper functioning

of stormwater controls. If not already in place, the Town of New Durham should consider incorporating strict regulations and
enforcement of stormwater controls during construction on properties around the lake.

Using the NHDESiImple Method Pollutant Loading Spreadsheet Modatl EPA Region 5 modeVe estimated the pollutant

OU| ®E@¢ OdUd| O eo6eée=x=20d®2® eUOE®éeD oUd| O =AUexAUéodéb | d® ol
model spreadsheet for metadat references, and assumptions). A general cost estimate was also assigned to each site based

on the scale of recommended fixes.| €2 ® U@ 2| «A éEd2Fé Exese| «d é| d0EQD¢h 289
reduction, the782 ¢ Ué EU@ Z A U & éaasked 18 frénhdghedt tollcveése priority for implementatioriThe top 10

2 ¢UEUQG ZAUsdéaxUbdz | é2]| e 000 éEd2é0 | ¢é2 ®26«¢éE02® EQ@ xUé:?
mapping of the 78 identified sites, including descript®and photographsimplementing recommendations at al8erosion
ZAUséaeUbdz eEd2é 1UB60® eUd 2 WarfredityRiver an® bake?25kd/vk {10 kgéyh foraheebp) ¢ 6 &
10area9 and cost an estimated $l16-$2.19 million ($26,000$570,000 for the top 1@reag, including annual maintenance

costs for 10 years.

HWG developed preliminary designs and cost estimates for the3topé Ué EU @ Z A e &ty econmaend tiéac
afull engineered design and cost estimate be completed for each site prior to implementation.

A

Examples of drainage challenges on the roads around Merrymeeting Lake that are characterized by steep grades to the shoreline
(left), minimal road shoulders and ditches or suitable area to infiltrate surface water (middle), and unstable or eroding culvert
inlets and outlets (right).
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Before (left) and after (right). One site (2-02), identified at the Merrymeeting River boat access ramp off Merrymeeting Rd
downstream of the Powder Mill State Fish Hatchery, has since been remediated by local groups.

There were several good examples throughout the watershed of stabilization techniques for stormwater control, using riprap or
crushed stone, vegetated swales, and mulch.
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