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EXECUTIVE SUMMARY

Clean water is vital to New Hamps hi r
communities and economy, particularly in the

Ossipee Watershed where pristine streams and
clear lakes are abundant and feed into the St at
largest stratified drift aquifer . The aquifer provides

clean drinking water to local communities. These
natural resources are being threatened as
development pressures and environmental

stressors increase. A 2007 report by the NH Lakes
Association (NHLA) found that a perceived :
reduction in surface water clarity and purity could
lead to lost sales of $25 million, lost income of

- ] ) ) The 10-year water quality analysis provides valuable information to
$8.8 million, and 131 |OStJObS in the Lakes Reglon help protect the water resources in the Ossipee Lake Vdtershed.
(Photo: GMQG)

alone. This makes longterm monitoring
programs incredibly important for protecting these ecologically, economically, and socially valued natural
resources.

The Saco/Ossipee Watershed Monitoring Program, created by Green Mountain Conservation Group
(GMCG) in New Hampshire and Saco River Corridor Commission (SRCC) in Mainis designed to be one
water quality monitoring program under a single Quality Assurance Prgect Plan (QAPP) that
encompassesone watershed, two states, and twenty-six towns. One of the goals of the program is to
provide the public with volunteer-collected, baseline water quality data that give an overall picture of
water quality in the watershed. GMCG volunteers have collected water quality information regularly (i.e.
twenty-four biological, physical, and chemical parameters) from nineteen Ossipee Watershed river
(RIVERSH}ites, eleven Ossipee Laketributary (OLT)sites, and five deep hole stations on Danforth Ponds,
Ossipee Lake and its lower bays. This report showcasesa subset of parameters from select sites gixteen
RIVERS siteand six OLT sites; Table 2, Figure 1).

This report provides surface water quality information, analyses, and reconmendations for towns within

the Ossipee Watershed, including Effingham, Freedom, Madison, Ossipee, Sandwich, Tamworthand
Eaton. Results are based on data collected from 2002 to 2011 through the GMCG Regional Interstate
Volunteers for the Ecosystems and Rvers of Saco (RIVERSWatershed Monitoring Program and the

GMCGOssipee Lale and Tributaries (OLT) program.The data presented include four physical parameters
(pH, water temperature, turbidity, and specific conductivity) and seven chemical parameters (dissolved
oxygen, total phosphorus, phosphate, total dissolved nitrogen, nitrate, ammonium, and chloride) for

twenty-two tributary sites within the Ossipee Watershed {Tables 1 and2). Also included in this report is a
summary of the total phosphorus analysisfor five deep water spots on Danforth Ponds and Ossipee Lake
and its lower bays (Broad, Leavitt, and Berry Baysjrom the 2015 watershed management plan (FBE,
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2015). Lake data were collected through the UNH Center for Freshwater Biology Lakes &y Monitoring
Program (LLMP)and the NHDESVolunteer Lakes Assessment Program (VLAR)with local support from
camps, volunteers, and GMCG statff

The physical and chemical parameterspresented in this report are important indicators of aquatic habitat

integrity and the extent and impact of human activities on aquatic life function. The remaining
parameters not included in this report (i.e. dissolved organic nitrogen, dissolved organic carbon, silica,
sulfate, sodium, potassium, magnesium, and calcium) are still important indicators of aquatic health and
should be included in future analyses as resairces permit.

Analysis of water quality data for select tributary sites in the Ossipee Watershed between 2002-2011
showed that water quality in the watershed is very good overall. Many parameters across the select
sites met established New Hampshire water quality standards or fell within levels indicative of natural

conditions rather than direct human impact, with some notable exceptions. Table 1lists the select eleven
physical and chemical parameters measured along with descriptions of ther importance and any
established State standards or relative guidelines for data interpretation. Table 2 provides a summary of
water quality results based on these standards or guidelines for the eleven parameters for each of the
select twenty-two tributary sites.

While the water quality is generally good for the Ossipee Watershed, some tributary sites have
emerging problems that need attention (refer to Table 2).

1 Low pH (slightly acidic waters) is common at all sites, some of whichis a result of natural
conditions in New Hampshire streams from local geology and acid rain. Most sites experienced
periods of dangerously low pH that can inhibit aquatic life function.

1 Water temperature exceeded a recommended maximum of 24° C for coldwater fish species at
Ossipee River (GE3), Danforth Pond outlet (GF1), West Branch Riverl (OL-1u), Banfield Brook
(GM-1), and Bearcamp Rive# (OL-2).

1 Specific conductivity exceeded 100 uS/cmone at least one occasion at thirteen of the twenty
sites (out of 30 actives sites), suggesting that human disturbance contributes chemical ions (e.g.
chloride, nutrients, etc.) to surface waters in the watershed above natural conditions.

1 Turbidity has increased (worsened) over the past ten years at Cold Brook A2 (GF3), Banfield
Brook (GM-1), Forrest Brook2 (GM-3), and Red Brook 3 (OL-7). This is likely a result of soil erosion
following rain events, which can be fixed with riparian buffer plantings and road maintenance.

1 Dissolved oxygen has decreased (worsened) over the past tenyears at Pine Riverl (GE1), and
exceeded the State standard for concentration and percent saturation at five and seventeen sites,
respectively.

1 Total phosphorus and phosphate were elevated at Weetamoe Brook 1 (OL-5ua) and Red Brook
3 (OL-7).

1 Total dissolved nitrogen has increased (wrsened) over the past ten years at Danforth Pond
outlet (GF-1) and Bearcamp River4 (OL-2).

Vi
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 Ammonium has increased (worsened) over the past tenyears at Ossipee River (GEB) and has
exceeded natural levels atWeetamoe Brook 1 (OL-5ua) and Red Brook 3 (OL-7).

1 Spring chloride has increased (worsened) over the last tenyears at Cold River (GSL), but spring
and summer chloride have decreased (improved) at Frenchman Brook4 (GO-2) and Forrest Brook
2 (GM-3), respectively. Although chloride concentrations were well below State standards for
chronic exposure, several sites exceeded natural background levels of 30 mg/L on at least one
occasion, including Cold Brook A2 (GF3), Banfield Brook (GM1), Beech Riverl (GO-1),
Frenchman Brook 4 (GO-2), and Bearcamp Riverl (GT-1). These higker chloride concentrations
are likely from road salt applications, which enter streams via culverts and ditches and infiltrate to
groundwater via roadside soils (Daley et al. 2009).

These analyses revealedfour tributary sites that have multiple water quality parameters exceeding
State water quality standards, exceeding natural background levels, and/or showing deteriorating
trends. Pine River 1 GE-1), Banfield Brook (GM-1), Weetamoe Brook 1 (OL-5ua), and Red Brook 3 (OL-
7). These sites should be priority targets for future restoration efforts.

All five monitored deep water spots on Danforth Ponds and Ossipee Lake and its lower bays Broad Bay,
Leavitt Bay,and Berry Bay within the Ossipee Watershed meet the State water quality standard for their
respective trophic class (i.e. oligotrophic or mesotrophic), and analyses of total phosphorus in these bays
show a stable trend from 2003-2014. Total phosphorus within Broad and Berry Baysfell within their
"reserve" assimilative capacity, indicating that phosphorus management is needed within the watershed
to protect these bays from exceeding State water quality standards in the near future. GMCG is currently
developing watershed-based management plans that focus on phosphorus reduction initiatives in the
Ossipee Watershed. It is also important to note that lake water quality changes naturally over hundreds
or thousands of years gradually transforming from less productive (oligotrophic) to more pro ductive
(eutrophic) systems, human disturbances within a watershed can accelerate this transformation on the
scale of afew decades, which is whyremedial steps should be sought to better manage this change.

In sum, several tributary sites analyzed in this report show deteriorating trends in some water quality
parameters, but water quality at these sites still meet State water quality standards. This presents a
unique opportunity for engaged stakeholders, such as GMCGand watershed towns, to utilize
restoration techniques that can reverse or stabilize these deteriorating trends in water quality. Results of
the analyses can be used bythe watershed towns and their partners (GMCG, OLA, NHDES, and otherdd
prioritize and direct future monitoring and water qua lity protection efforts throughout the Ossipee
Watershed. Recommendations for future monitoring, watershed planning, and restoration actions to
reduce nonpoint source (NPS)pollution in the Ossipee Watershed are discussedat the end of the report.

vii
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Table 1. Description and Class Bstandards or indicators for streams for interpreting the select eleven physical (blue) and chemical (green) parameters

Parameter

Definition

Importance

NH Water Quality Standard for
Class B Waters

Natural Background/Minimal
Disturbance Levels for NH

pH

Measure of acidity in terms of hydrogen ion
concentration in water (ranges from 0 to 14
with 7 being neutral)

Affects chemical and biological processes;
organisms function under optimal range

Must occur between 6.5 and 8.0

As low as 6.0due to acid rain
and low buffering capacity of
underlying geology

Water
Temperature

Measure of the degree of heat in a
waterbody

Regulates metabolic rates of organisms and
growth of aquatic plants; influences amount
of dissolved gases

No quantitative standard

Coldwater fish species thrive
under maximum weekly and
instantaneous temperatures of
19°and 24° C

Turbidity

Measure of the amount of suspended
material in water, such as clay, silt, algae,
sediment, and decaying plant material

Indicator of soil erosion, particularly during
rain events; high turbidity clogs fish gills and
covers stream bottom habitats

Shall not exceed 10 NTUabove
natural conditions

Median = 1.0 NTU

Specific
Conductivity

Measure of the electrical current in water
normalized to a water temp erature of 25° C;
surrogate measure for chemical ionsin water

Indicator of pollution from road salting,
septic systems, and stormwater runoff

No quantitative standard

Less than 100 pS/cm, above
which is likely a result of human
disturbance

Dissolved
Oxygen (DO)

Measure of the concentration or percent
saturation of dissolved oxygen in water

Facilitates critical chemical reactions within
the channel and benthic sediments that
support life processes and functions

Shall not fall below 5 mg/L or 75%
saturation

Low dissolved oxygen can occur
naturally in slow-moving waters
or waterbodies located
downstream of wetlands

Total
Phosphorus
(TP)

Measure of all dissolved phosphorus (i.e.
organic and inorganic) as well as phosphorus
contained in or adhered to suspended
particles, such as sediment and plankton

Indicator of eutrophication likely as a result
of human disturbance

No quantitative standard

Less than 20ug/L

Phosphate
(PO+*)

Measure of the inorganic component of total
phosphorus

Indicator of eutro phication likely as a result
of human disturbance; serves as an essential
nutrient for growth; most biologically -
available form

No quantitative standard

Less than 20ug/L

Total
Dissolved
Nitrogen

(TDN)

Measure of dissolved organic and inorganic
nitrogen concentration in water

Indicator of eutrophication likely as a result
of human disturbance; serves as an essential
nutrient for growth

No quantitative standard

Difficult to pinpoint due to
variability in natural sources of
organic nitrogen

Ammonium
(NH4")

Measure of a component of inorganic
nitrogen in water; waste product of
metabolic processes in organisms

Indicator of eutrophication likely as a result
of human disturbance; serves as an essential
nutrient for growth; most biologically -
available form

No quantitative standard

Less than 0.2 mg/L

Nitrate
(NO3)

Measure of a component of inorganic
nitrogen in water; product of ammonium
nitrification under oxidizing conditions

Indicator of eutrophication likely as a result
of human disturbance; serves as anessential
nutrient for growth

No quantitative standard

Less than 0.5 mg/L

Chloride (CI")

Measure of the element chloride in water
derived from geology, atmospheric
deposition, or human activities

Indicator of human disturbance (e.g. road
salting)

Shall not exceed 860 mg/L for acute
toxicity and 230 mg/L for chronic
toxicity

Less than 30 mgL

viii
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Table 2. Summary of water quality results for the select eleven physical and chemical parameters for the select twentytwo tributary sites.

Physical Parameters Chemical Parameters Sum
Town Site#  Site Name \_Ar’:r:]e; Turbidity Cif\a' (ng(/DL) (O/?Sat) TP PO& TDN NHf NOs Cf | P x |‘_*§
GE-1 Pine River 1 P * P 2 2 1 5
Effingham GE2  South River P P P 3 1 0 4
GE3  Ossipee River P P * 2 1 1 4
GF1  Danforth Pond Outlet P P * 2 1 1 4
GF2  Cold River P P 2 2 0 4
Freedom GR3 Cold Brook A2 P * P 2 1 1 4
OL-1u  West Branch River 1 P P P 3 1 0 4
OL-9u  Cold Brook B1 P 1 0 0 1
) GM-1 Banfield Brook P * P 2 3 1 6
Madison
GM-3  Forrest Brook 2 P * P # 2 0 1 12
GO-1  BeechRiver1 P P 2 0 0 2
GO-2  Frenchman Brook 4 P * 1 3 0 -1 3
GO-4  Bearcamp River 3 P P 2 0 0 2
) GO-5  Bearcamp River 2 P P 2 0 0 2
Ossipee OL-2  Bearcamp River 4 P * 1 1 1 3
OL-4u  Lovell River 1 P P 2 0 0 2
OL-5ua Weetamoe Brook 1 P P P 3 3 0 6
OL-7  Red Brook 3 P * P P 3 4 1 8
Sandwich GS1  Cold River P * 1 0 1 2
GT-1  Bearcamp River 1 P P P 3 0 0 3
Tamworth GT4  Chocorua River P P 2 0 0 2
GT-5  Swift River P 1 0 0 1
P Exceeded State standards

No State standards for parameter, but exceeded natural background levels likely as a result of human activities
Degrading water quality trend (Mann -Kendall tests)
Improving water quality tr end (Mann-Kendall tests)

Sites in red text exhibited the most parameters exceeding State standards or natural background conditions and/or showing a deteriorating trend
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INTRODUCTION

As demandincreases, clean water quickly becormaesiore valuable resourceequiring longterm study

and protection on a watershed and even global staleecent years, water has become one of the most
important paiical issues in New Hampshire with issues spanning from water scarevgtéoextradion

to water contamination to wellhead protectio®ince New Hampshire does not have #&atBwide
protection program or legislation to proactively protect serfac groundwater from development
pressures and environmental stressdrss incumbent upon @nmunities to protect theiown water
resources from potential contamination or misuse.

The Ossipee Watershed is home to the largest stratified drift aquiféew Hampshire, an important
Stateresource for existing and future drinking water supplies.magrity of residents and businesses in
this fourteertown watershed derive their drinkingater from this aquiferin addition, vater flowing
through this region is also a source of drinking water for Maine communities located downstream.
Because of thisthe Ossipee Vd t e r s h e ghands,rivlerg kne strems haveimportant ecological,
economi¢ and social valuetr the region. Vith the population of CarrolCountyis expected to increase

50% by 2020it isimperative to protect these resourcesterfuture(SPNHF 2005)

One of the best ways to protect surface waters tiedtifiéo unerground drinking water supplidge the
Ossipee Aquiferis to develop a longerm and consistent monitoring program foajor streams, rivers,

and lakesGreen Mauntain Conservation GroufisMCG) has taken the lead in establishing a consistent
water quality monitoring program famurrentlytwenty-four parameters &hirty activetributary sites in

the Ossipee Watershed since 200his effort is n direct collaboratin with Saco River Corridor
Commission (SRCC) through a shared Quality Assurance Project Plan (QAPP) that spans one watershec
two states, and twensix towns. With oveten years of monitoring datt many sitesGMCG is now

able to assess loftgrm tremls in water quality across the Ossipee Watershed and make educated
watershed management decisions based on the assessments outlined in thisheepatended use of
these analyses will be to establish a baseline from which to assess future chandges quality as a
result of human disturbance or climate change.

PROGRAM BACKGROUND

|GREEN MOUNTAIN CONSERVATION GROUP

GMCG is a communitybased, charitable organization dedicated to the protection of naturataesdn

the Ossipee \Wtershed dwns of Effigham, Freedom, Madison, Ossipeend@aich, Tamworth and

Eaton Founded in 1997, GMCG6s mission is to coor
research, natural resource advocgaryd voluntary land protection with the goalpimmote an awareness

of and appreciation for clean water and the wise use of shared natural resources across the Ossipe
Watershed. Its guiding principle is to present objective information in ecowinontational manner to
enable the public to make informed natural resodemsions.
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WATER QUALITY MONITORING PROGRAM HISTORY

Since the source of waters flowing to the Sagm
River originats in New HampshireGMCG began

working collaboratively in 2001 with its
downstream neighbgrehe Saco River Corridor
Commission (SRCC) and Maine communities
within the Saco River basiThis collaboration is §
best represented by a shared,-state Quality
Assurance Pject Plan (QAPP) for th&aco River |

came the establishment of the Regional Interst:
Volunteers for the Ecosystems and Rivers of S&

(RIVERS) Water Quality Monitoring(WQM) _

thouah GMCG and SRCC bedan the‘-}undreds of summer campers and school children have
program, g ) R ) 9 participated in GMCG's lake and river sampling programs.
surface water quality monitoring in 2002 andphoto: GMCG)
2001, respectively.The goal of the RIVERS
WQM program wa to establish a teyear baseline of water quality data as a reference for assessing
future water quality and to help preserve the high quality surface and groundwater resources of the Sacc

River basin, which includes th@ssipee Watershed

With its focus on the Ossipee Watershed within the Saco River basin, GMCG has developed strong
partnerships with the watershed towns of Effingham, Freedom, Madison, Ossipee, Sandwich, Tamworth
and Eaton, as well as towns in Maine artpership with SRCCVolunteer support has increased from an
initial fifteen residents to now over fifiydividuals who regularly sampkreams, rivers, and lakes in the
Ossipee Warshed each year.uddreds of summer campers and school children haeepalticipated in

lake and river sampling with the assistance of loedilgd interns.GMCG is thankful for the
continued support that local towns, citizens, and organizations have provided for this program.

GMCG conductphysical and chemical surfaseter quality monitoringhrough three basic programs:

1 April - October Tributary Sampling
GMCG began monitoring rivers and streamghie Ossipee Watershed in 200he purpose
was to collect baseline data and ultimately track water qualitygelsaim the wiershed over
time. Initially there were two programs collecting water quality samatesineteeniver sites
through the RIVERSWQM (Regional Interstate Volunteers for the Ecosystant Rivers of
SacoWater Quality Monitoring) program areleventributary sites through the OLT (Ossipee
Lake and Tributaries) program (Figure 1). These programs have merged to become the full
RIVERS WQM program. Even streams and rivers are also samplbdough VBAP
(Volunteer Biological Assessment Progryyrwhich is an edwational youth program that
partners with schools to sample for macroinvertebrates, teach about water literacy, and
encourage youth to learn more about their watershieel biological monitoring results from
VBAP are not presented in this report (more infation can be found aww.gmcg.org. The
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Green Mountain Conservation Group ~ 10-Year Waer Quality Report

tributarysites were chosen based on size, accesgilzihd surrounding land uséor example,
sites are located downstream from gravel pits, designated drinking water zamsert
stations, landfills, or nextt major roads or developmen®@ther sites were chosen to track the
quality of water entering and leaving Ossipee Lake, or because of concerns over septic
systems, erosion, timbeutting, mill sites, junkyards, old naeries, or to bracket potential
sources of contamination for further investigatidtefer to the QAPP for more detailed
information about site selection and parameteeasured (GMCG & SRCC, 2014).

1 Winter Tributary Sampling
Tributary ampling was extendefbr sevenRIVERS (8-10 years of April to October data,
yearround since 2004) and two OL(Y years of summer data, yaaund since 200%ites to
include winter sampling as a means to better understanergaa conditionsRefer to the
QAPP for more dmiled information about site selection and parameters measured (GMCG &
SRCC, 2014).

1 Summer Lake Sampling
Every summer since 200&onthlywater quality datdnas been collecteat the deegpotsof
five major waterbodiesn the Ossipee Watershed: Ossipeske, Broad Bay, Leavitt Bay,
Berry Bay, and Lower Danforth Ponihrough theNHDES Volunteer Lake Assessment
Program (VLAP) and the UNH Lakes Lay Monitoring Program (LLMBjoad and Leauvitt
Bays have been monitored since 19R6fer to theGMCG website fordetailed lakecondition
reports http://www.gmcg.org/watequality-data.php. For information about other na]
lakes andponds, including those with lake associations and monitoring programshesee
Ossipee Watershed Natural Resource Guide:
http://www.gmcg.org/administration/pdf/07%20Water%20Resources%20Chapter%20L akes%
20&%20Ponds.pdfAnalyses of lake sediment cores and lake/river temperatures were also
conducted by Plymouth State University. Refer to AppendigrAa summary othese studies

While this report only showcaselectphysical
and chemical parameters collected framer,
streamand lake sites, GMCG also supports stro
biological monitoring (e.g. macroievtebrate
sampling through VBARNd invasive species boas
inspections) and water literacy (e.g. Trout in t
Classroom, Groundwater Education Throug
Evaluation and T&ting (GET WET), storm drain
stenciling, and nonpoint source pollutio
education) programs. Refer tavw.gmcg.orgfor
more information about these programs.

Volunteers help ensure the success of longterm
monitoring in the Ossipee Watershed. (Photo: GMCG)



http://www.gmcg.org/water-quality-data.php
http://www.gmcg.org/administration/pdf/07%20Water%20Resources%20Chapter%20Lakes%20&%20Ponds.pdf
http://www.gmcg.org/administration/pdf/07%20Water%20Resources%20Chapter%20Lakes%20&%20Ponds.pdf
http://www.gmcg.org/
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Figure 1. GMCG tributary water quality monitoring sites in the Ossipee Watershed of New Hampshire. RIVERS tributary site location codes are first lette
G=GMCG and second letter M=Madison, E=Effingham, S=Sandwich, T=Tamworth, F=Freedom, O=0ssipee, and EA=Eato OLT tributary site locations are
tributaries in close proximity to Ossipee Lake and the lower bays.Both programs were combined under the RIVERS WQM program.
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STUDY AREA

The Saco River Basin

The Ossipee Watershed part of the Saco River Basim
1,700square milearea that includes 63 municipalities in New
Hampshire and Main@-igure 2) The Saco River originates
in the White Mountains dilew Hampshire at Saco Lake, and
converges withhte Ossipee Rivein Cornish,Maine before
emptying into the Atlantic Ocean via Saco Bay in Maine
Elevations in the basin range from 6,288 feet at thenstiof
Mount Washington n S a Puobased, Resv Hampshite
sea level at the mouth of the SacaveR in Saco and
Biddeford, Mane SMRPC, 1983)The Saco River serves as
a water supply for the citizens and businesses of Sa
Biddeford, Old Orchard Beachand part of Scarborough
Maine The riveris also used to supplement loocahter
supplies in the KennebuskennebunkporiWells Water
District. The river itself has seen a dramatic increase, ° ~ ) o

. . . begins in the White Mountains in New
recreation and shoreline development in recent yeard Hampshire and empties into the Atlantic
much of the land borderings surface waters is privatelyocean in Maine.
owned.

;;:'u- ‘ . .
“Saco River Basin
Location Map

Figure 2. The Saco River Basin Watershe

The Ossipee Watershed 1

The Ossipee Watershed is a subwatersheatleoSaco River
Basin andcoversabout 379 square milés fourteen townsn
Carroll and Grafton Counties, New Hampshire. It contains 82
lakes and ponds that cover about 9,400 awidis Ossipee \
Lake, the seventh largest lake in New Hampshire, at the |
centerof the watershe(Figure 3) Ossipee Lake is connected
to five other major waterbodies in the watershigbéd Bay,
Leavitt Bay, Berry Bay, Danforth Poadand Huckins Pond),

all of which are fed by fourteen major tributaries. At its
widest point the waershed extends 29 miles east andtwes
and 23 miles north and south. The waterskdabund by the
mountains of the Sandwich Range to the northwest, the

L

Waterville Valley

Ossipee Mountains to the soutnd the sandy pine barren b/ \ /
lands of the Ossipelereedan-Effingham plainsto the east , o , 14 iles :
Elevations range from 375 feet at the Maew Hampshire ‘ | W
border in Effingham to 4,060 feet on Mount Passaconway in

Waterville Valley. Figure 3. The Ossipee Watershed and

overlapping towns in New Hampshire.
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The watershed cont ai n sandNeepest '’ - ’ ' rges:t
stratified-drift aquifer (Figure 4) This typeof aquifer recharges Stratified drift aquifers consist
more rapidly than any other aquifdue to its porous and grave  Primarly of sand and gravel
soils deposited by water from melting glaciebsitit also allows ~ 16POSits thatwere deposited in

. L . . . layers by meltwater streams flowing
pollution and contamination to be carried more rapidly in e
groundvatersupply In many areas of the $8ipee Aquifer, water 14 0o years ago. It is estimated
can travel more than 2,0002ftper day depending on the that 71% of all drinking water in
permeability of soils above the aquifeBecause of this New Hampshire is derived from
conservation of recharge landsd their surface waters arial to these aquifers (USGS, 1995).
protecting drinking water suppliesFortunately, oughly 20%
(5,557 acres) of the 27,000 acres of high yield aquifer are already currently protected beneath

conservation land in the Ossipee Watershed.

.

The Ossipee Vitershed @b contains two globally rare pasttbre communities along Ossipee Lagiee
barens,anda federallyprotected kettlehole quaking bog. These are unique and precious ecological assets
that are being threatened by developmental pressure and environmental stress.

Waserville Valley

ANIVA

Holderness
|5 Ossipoe Watcrshod Boundary

'*‘ Map Prepared by the Socicty for the Protection of New Hampshire Forests for the Green Mountain Conservation Group - July 2001.
Funded by the USDA Forest Service Watershed and Clean Water Action Grants Program and s by UNH C ¥ i

Figure 4. Aquifer recharge areasin the Ossipee Watershed. The Ossipee Watershed is home to the largest
stratified-drift aquife r in New Hampshire, a critical resource for existing and future drinking water supplies in New
Hampshire. Darker shades of orange represent primary recharge areas where water maes quickly from the land
surface to groundwater, sometimes up to 2,000 ft* per day. These areas are particulasgl vulnerable to contamination.
Map courtesy of the Society for the Protection of New Hampshire Forests.
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WATER QUALITY ASSESSMENT

|WHAT IS WATER QUALITY?

Before moving directly into a discussion of wate”

quality results, it is important to understand ho Water quality is the ability of a waterbody to
we interpr epoorc‘) i gva a & & an support all appropriate beneficial uses.

cont ext of todayods Beneficial Uses include recreation, the support of 1d
. . aguatic life, and in some cases, drinking water
environmental conditionsThe essencef water R

quality is easy to ilistrate when comparing a
murky-green, warm lakéo a clear, cool lake with

abundant wildlife. Thegreenlake has no fish, is
not ideal for recreatig, and property values arounc
the lakeare low. Theclearlake has ample fish and
otherwildlife, is more suitable for recreation, ang
property values aroundhe lake are high. The

A widely agreed upon definition of water quallty
more difficult to find since it is a complex topi
with differing definitions depending on th

standards guiding what is acceptable from of
place to the next. One definition that has been us )= .
is the following:water quality is the ability of a  Surveying the shoreline on Berry Bay in Freedom NH.
waterbody to support dl appropriate beneficial ("ot FBE)

uses.

Beneficial uses refer to the ways water is used by humans and wildlife, such as for drinking water and
fish habitat. If water supports a beneficiabus wat er qual ity i s s.alfwatert o b
does not gpport a beneficial use wat er qual ity i s s.@aGoddwater quality A p C
implies that harmful substances (pollutants) are absent from the wateneeded substances (oxygen
andnutrientsat low to moderate levélsire present.

New Hampshiresurface waters are classified according to tegignatedeneficial uses. Modtreams,
rivers, pondsand lakes in Mw Hampshire are designated @ass B.Class B waters areonsidered
acceptable for fishing, swimmingnd other recreationgburposes, ands water supplieafter adequate
treatment.New Hampshiresets water quality standarfisr different biological,physical, andchemical

attributesbased ortlass, whichall watersmust meeto supportheir designatetdeneficialuses.

Waterquality of streams and riveiig the Ossipee Watershed is measurednagatandards set for Class

B waters, pursuant thhew Hampshire Statutes RSA Section 485A:8. Water quality standards are the
Ayardsticko for i dent i f yd for gletemmaning the effect@dnaess of staex c e
regulatory pollution control and prevention programesigned to protect beneficial usés determine if

a waterbody is meeting its designatesheficialuses, water qualitgtandardgor various water quality
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parametergsuch as total phosphorus, dissolvegks
oxygen, pH and turbidity)are applied to wate
quality data. If a waterbody meets or is bet
than the water qualitptandard the designated &

impaired for the designated udeis helpful to
point out that the standards dvased orupper
limits for all water quality parametersexcept
dissolved oxygen, which has lower limitsin
other words, decreasing values in dlsed
oxygen indcates a deteriorating trermbmpared g
with all other parameters where increasing: L
values indicate water quallty deterioratigtefer ©ne of the 30 rivers and tributaries sites in the Ossmee

to Table 1 for a list and description of selecaterShecl (Photo: GMCG)

parameters and their applicable wajaality standardhat GMCG uses to monitor water qualiby rivers
and streams the Ossipee Watershed.

Water quality standards for lakes are based on trophic state, which is the degree of biological productivity
of a lake This isdetermined by water clarity, chlorophyl mncentration, phosphorus concentration,
aguatic plant biomass, and dissolved oxygen concentration at thespletyd a lake. Trophic state is
divided into three categories ranging from low productivity (good water quality) to hoglugtivity

(poor waterquality); these are namealigotrophic, mesotrophic, and eutrophic. Each of these trophic
states havehresholds for total phosphorus (input parameteryl chlorophyHla (responseto input
parameter Table 3). Phosphorus is considered one of the limitiogients to productivity in lake
systems; even small increases in phosphorus can stimulate algal and plant growth.

Table 3. Lake trophic class nutrient threshold ranges in New Hampshire.

Trophic State TP (ppb) Chl-a (ppb)

Oligotrophic <8.0 <33

Mesotrophic >8.0-12.0 >3.3-50
Eutrophic >12.0-28.0 >5.0-11.0

PRECIPITATION AND FLOW DATA

Preciptation totals ranged from 43.15 inches in 2004 to 67.51 inches in 280@easurely the USGS
monitoring station located othe Bearcamp River indmworth(Table 4).Month-to-month variation was
corsiderable in some cases, as ict@dder 2005 when record rainfall amouatsl flowswere documented

in many areas of éhnortheast (Figure)5These heavy rains and flooding contrigaito turbulent waters

at Effingham Falls on the Ossipee River, and caused uprooted trees and scoured shorelines as floodwate
overflowed river bankdn May of 2006 New Hampshire received record amountsaiffall once again,

al so known as Dialye Si Mmesuthad &fhii c he x ¢ e s sincreasednuatrient e r
loading tosurface waterstoru ghout t he ,3006.in gederal, Mdirfdl Ead play a largele
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in surface water quality bgffectingits physical and chemical comptien as runoff from the landscape

can influence temperature, plEnd nutrient and sediment loadin§eep in mind that what flows into
Ossipee Lake comes from what runs off the 379 square miles of land in the watershed surrounding the
lake.For example, dumg dry periodspollutants accumulate in the uplands and ultimately flushed to
receiving waters during storm events. Rivers and streams i®O#sgee Vitershed were often flooded

over the course of the ten years from 2Q021, causing significant adaage and erosion toads.Heavy

rainfall in 2007 and 2008 contributed to dirt road erosion and sedimentation in nearby waterways.

Since most measured parameters are presented as concentrations, flow (i.e. the volumeer tvater

is an importantconsiderationwhen comparing changes in concentration over time. For example, if
chloride shows a decreasing trend over time while flow is increasing, chloride is likely being diluted by
higher flows. Both peecipitation and discharge may have beeoreasng from 20022011, but the
increase is very small and highly varialpfegure 5). However tidoes sem that increasing precipitation
wasexperienced across all seasémsthe ten year recordesulting in more frequent, but smaller, peaks

in dischargen the latter half of the recor@he reader should be aware that water quality data were not
normalized (adjusted for) levels of precipitation or river flows, nor were correlations between water
guality measurements and flows calculated for this report.

Table 4. Summary of yearly precipitation data from Tamworth 4, NH station.

Year 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Total Precip (in) 45.54 55.44 43.15 65.95 65.74 52.13 67.51 61.94 51.41 66.04
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£
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01/01/02 01/01/03 01/01/04 01/01/05 01/01/06 01/01/07 01/01/08 01/01/09 01/01/10 01/01/11 01/01/12
s Total Monthly Precip (in) ¥~ 0:0004x - 10.906 — Daily Discharge (cfs) ¥ = 0:0211x- 64256
R* = 0.033, p=0.0469 R? = 0.0068; p<0.0001

Figure 5. Total monthly precipitation and daily discharge from 2002 to 2011. Precipitation data was obtained from
NOAA NCDC GHCND:USC00278614Bearcamp River in Tamworth, NH discharge data was obtained from USG!
01064801 Bearcamp River inSouth Tamworth, NH. Orange solid line indicates total monthly precipitation levels
with corresponding orange dotted regression line. Blue solid line indicates daily discharge with corresponding blue
dotted regression line.
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TRIBUTARY RESULTS

For this report, water quality data from sixteen of the nineteen RIVERS sites and six of the eleven OLT
sites were used in the water quality analysis; éhsises had fiveor more years of data for most
parameters (Figure; Xefer toAppendix Bfor detailal site location descriptionsThe datafor each site

were displayed irboxplots and compared to State water quality standards, where avaikihtestical
trendanalyses weralsoconducted by FB Environmental AssociatdafinKendall trend testsUSGS

2002; UEPA, 2009 for elevenphysical and chemicavater qualityparameteror each siteincluding

1 pH f Dissolved Oxygen
1 Water Temperature 1 Total Phosphorus/Phosphate
1 Turbidity 1 Total Dissolved Nitrogen/Ammonium/Nitrate
1 Specific Conductivity 1 Chloride
All data, including parameters not included in this analgsis,e r eadi | vy

availabl e

www.gmcg.org Descriptions of the monitoring testing schedule and parameters can be found in the 2002

2008 Water Qudy Report or the RNERS WQM Program QAPP (GMCG, 2006MCG & SRCC,
2014).More information aboutrendanalysis methodand full resultsisedcanbe found inAppendixC.

Trendanalysegevealedthat elevenparameters den siteshadwater quality measementssignificantly
changeover time nine of which showed deteriorating trends, but observed values were still within State
water quality standards (Table.5The other two sites showed improving trends, one of which had
observed values exceed the Statder quality standard for chloridResults forsiteswith statistically
significant trends arpresentedn Table5 and Figures.

Table 5. Statistically sgnificant trends in tributary site data, as identified by Mann-Kendall trend tests, and the
implication of water quality condition. If not listed here, no significant trend was found for the site or not enough
data was availablefor adequate assessment.

Water Quality

Town Site Parameter Trend L
Implication
. GE1l Pine Rver 1 Dissolved Oxygen Decreasing Degrading
Effingham . . . . .
GE3 Ossipee River Ammonium Increasing Degrading
Freedom GF1 Danforth Pond Outlet Total Dissolved Nitrogen Increasing Degrading
GF3 Cold Brook A2 Turbidity Increasing Degrading
GM-1 Banfield Brook Turbidity Increasing Degrading
Madi . . D .
adison GM-3 Forrest Brook 2 Turbidity . Increasmg egrad!ng
Summer Chloride Decreasing Improving
GO-2 Frenchman Brook4 Spring Chloride Decreasing Improving
Ossipee OL-2 Bearcamp River4 Total Dissolved Nitrogen Increasing Degrading
OL-7 Red Brook 3 Turbidity Increasing Degrading
Sandwich GS1 Cold River Spring Chloride Increasing Degrading

The following section provides a summarysignificantresults andesults by parametdor the select
twentytwo out of thirty activetributary monitoringsitesin the watershedRevi ew A How t O

Boxpl ot so

for

a

refresher on boxpl ot

nterpreta
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HOW TO READ BOXPLOTS

Boxplots are a type of visual graphic that display the distribution or ‘spread’ of data. First, the data are ordered

from the smallest to largest value (see below).

» The median represents the 50t percentile of the data or the value at which half the data points fall below
and above. The median is the preferred metric when determining the center of a data set because the
median is resistant to outliers that may skew the mean. For these data, the mean is 47 because the outlier of
126 pulls the mean higher than the median (hence: right or positive skewed).

+ Quartile 1 is the 25" percentile or the value at which 25% of the data points fall below (15 data points *
0.25 = 4 (rounded to the nearest whole number). Counting 4 points over from the smallest value gives you
32. Quartile 3 is the 75" percentile or the value at which 75% of the data points fall below (15 data points *
0.75 = 12 (rounded to the nearest whole number). Counting 12 points over from the smallest value gives
you 57. The range between Quartile 1 and 3 is the Interquartile Range (IQR) or the "box” representing 50%
of the data around the median.

* The min and max non-outliers represent the "whiskers,” which are calculated as Quartile 1 minus 1.5 times
the IQR and Quartile 3 plus 1.5 times the IQR; the nearest data points are used. In this case, the IQR is 25
and the min and max non-outliers are 24 and 63, respectively. Any values below or above the min and max
non-outliers are considered outliers, which are values that are non-typical to the data set. In this case, there
is one max outlier at 126.

Outlier
24 26 29 32 33 34 38»39 45 48 51 57 58 63| 126
<
Median= 39

> <«
Quartile 1 = 32

> <
Quartile 3 = 57
< >
Interquartile Range = 25
° Max Outlier There are several basic pieces of
information that can be obtained from a
Max Non-Outlier boxplot:
r Quartile 3: 75™ Percentile RANGE: The total spread of data ranges

from the min to max outliers, if any,
otherwise from the min to max non-
outliers. The latter gives a better
understanding of the typical data
distribution without the influence of non-
typical outliers.

Quartile 2: Median or 50t Percentile

INTERQUARTILE RANGE is the width of
the "box” from Quartile 1 to Quartile 3.
The distribution of this box helps to
understand the SKEWNESS of the data
around the median or whether most

Interquartile Range (IQR)

- Quartile 1: 25t Percentile

Min Non-Outlier observations are concentrated on the
lower or higher end of the distribution.
° < Min Outlier Water quality data are typically positively

skewed, meaning the mean is greater
than the median due to max outliers.
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Figure 6. Map of study area showing results of the water quality trend tests for select twenty-two tributary monitoring sites with 5-10 years
of data.




What is pH?

pH is a measure of the acidity of water in terms of
hydrogen ion concentration. pH below 7.0 is acidic and
above 7.0 is alkaline. Everything that water comes in
contact with affects pH, including soils, organic acids
(decaying leaves or other organic matter), and human-
induced acids in acid rain.

Why is pH important?

pH affects many chemical and biological processes in
water, and various organisms flourish under different
pH ranges, the most preferred being between 6.5 and
8.0. The ability of aquatic organisms to complete a life
cycle greatly diminishes as pH falls below 5.0 or
exceads 9.0. Levels below 5.5 can severely limit growth
and reproduction in fish, as is the case with brook trout
in New England streams.Low pH can also allow toxic
elements and compounds such as heavy metals to
become “ by aquatica
plants and animals. This can cause deformities in fish
and produce conditions that are toxic to aquatic life.
These bw pH levels can be due to naturally-occurring
conditions, such as the influence of tannic and humic

mobil e and

acids from decaying plants in wetlands. Low pH can
also be influenced by humans as a result of wastewater
discharge and atmospheric deposition of nitric and

sulfuric acids in acid rain. Surface waters in New
Hampshire are particularly vulnerable to acid rain
because their contact with granite offers little buffering

capacity (asopposed to limestone -based waterbodies).
Since the Ossipee Watershed is downwind of industrial
and urban areas with automobile and coal power plant
emissions (west of the New England states) air quality
and its effects on the pH of waterways is a major
concern.

Class B NH Surface Water Quality Standard: pH must be between 6.5 and
8.0, unless naturallyoccurring. Reducing the minimum pH criteria to 6.0 may be
considered by the State since lower pH values (between 6.0 and 8.0) are often observed
in New Hampshire streams given the acidified rain (average pH of rain in New England is
4.3) and low buffering capacity of the water as a result of underlying geology. Until the

statute and regulations are changed, however, compliance for pH must be based on this
range. Roughly 70% aquatic i mp eei
a result of low pH; 3,419 miles of stream length are listed as impaired for pH out of a

total 16,896 miles of stream length in New Hampshire (USEPA, 2010).

of i fe

10-Year Results: All 22 tributary sites had pH levels below the
State standard and are considered impaired for pH, with the
average for all sites at 5.6 (Figure 9. pH varied from as acidic as
3.6 at Bearcamp River3 (GO-4) in 2005 to as basic as 8.9 at Red
Brook 3 (OL-7) in 2011. pH decreased (became more acidic) at
most sites in 2005 and 2006, likely due to higher rainfall
experienced in those years (typical rainwater in New England has a
pH of 4.3). Mean pH fell below 5.5 (the level that is critical for
growth and reproduction in fish) at Red Brook (OL-7; 5.0),
Bearcamp River 3 (G®4; 5.3), and Weetamoe Brook 1 (OL-5ua;
5.3) in Ossipee, atCold River (GS1; 5.0) in Sandwich, and atSwift
River (GT5; 5.3) in Tamworth. The presence of humic acids from
upstream wetlands could account for the lower pH observed at
Red Brook 3 OL-7). Lower pH levels could also be due to organic
matter, restrictions to water flow, stagnation, or other inputs.
Mann-Kendall tests revealed no significant @=0.05) change in pH
from 2002-2011 at any of the 22 tributary sites.
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Figure 7. pH levels recorded for tributary sites from 2002 to 2011. Data are organized by site and town. Optimal pH range is 65 to 8.0 (shaded area)
any readings above or below this range may inhibit aquatic life function. Note that the pH scale (left side) is in logarithmic scale not a linear scale.Rec

boxplots show sites with exceedances of the optimal pH range for aquatic life.
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Water Temperature

Why is water temperature important?

Water temperature is influenced by a number of

variables, including air temperature, sunlight, shading,
water source, and the width, depth, and circulation of

the waterbody. Human activities that can affect water

temperature include: stormwater, industrial discharge

of water used as coolant (thermal pollution), removal of

shade-providing trees in the riparian zone, erection of

dams or other impoundments, and erosion of soil (e.g.
turbid water absorbs more heat from the sun). The
metabolic rates of organisms and the growth of aquatic

plants increase with increasing water temperature,

which in turn increases the need for oxygen as
organisms require oxygen for metabolic processes and
bacteria use up oxygen to decompose dead plant

material. Since gases dissolve more easily in cooler
water, water temperature also plays a large role in the
amount of dissolved oxygen found in waterbod ies.
Organisms, such as trout and mayfly nymphs, thrive in

cooler, more oxygen-rich waters (13 °C and below),

while other organisms, such asbass and most plant life,

prefer warmer waters (20°C and above). The midrange

of these temperatures support salmon, trout, water

beetles, and limited plant life.

Interpreting Celsius Versus Fahrenheit

Class B NH Surface Water Quality Standard: Temperature in Class B
waters (.e. waters that are clean enough to safely swim and fish) shall be in accordance
with RSA 485A: 8, [ s teant tengperdture inpreasetassdciataedy
with the discharge of treated sewage, waste or cooling water, water diversions, or

whi ch

releases shall not be such as to appreciably interfere with the uses assigned to this
c | a s Mlany fish species thrive under optimal water temperatures, which trigger
reproductive functions and regulate growth of juvenile fish. Maximum weekly and
instantaneous temperature means of 19° and 24° C were found to be the limit for
juvenile brook trout survival (Brungs and Jones 1977).

10-Year Results: Temperatures varied across thetributary sites.
The highest surface water temperatures (greater than the
recommended maximum of 24 °C for coldwater fish species
survival) were observed at Ossipee Rigr (GE3; n=21), Danforth
Pond outlet (GF1; n=18), West Branch Riverl (OL-1lu; n=2),
Banfield Brook (GM-1; n=1), and Bearcamp Rier 4 (OL-2; n=1;
Figure 8). Warmer surface water temperatures at Bearcamp Rive#
(OL-2) and West Branch Riverl (OL-1u) were likely a realt of
warmer lake water mixing at these sites. Because of this, most
tributary sampling stations were moved slightly upstream away
from the lake in 2005 to eliminate the influence of warmer lake
water. Most of the new upstream sites exhibited cooler water
temperatures than downstream sites in previous years. Mann
Kendall tests revealed no significant @=0.05) change in mean

32°F 46 °F 61 °F 75 °F 90 °F
: : : i i annual water temperature from 2002-2011 at any of the 22
Lethal for aquatic life t”bUtary sites.
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Figure 8. Water temperature recorded for tributary sites from 2002 to 2011. Data are organized by site and town. Any readings above 24°C may inhibit

aquatic life function for coldwater fish species. Note: this data represent year-round water temperatures for seven sites and seasonal (April through
October) water temperatures for the other sites. Red boxplots show sites exceeding the recommended maximum water temperature of 24°C.“ n " i

number of samples. Refer to Figure 1 for site locations.
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What is turbidity?

Turbidity is a measurement of the amount of
suspended material in water, such as clay, silt, algae,
sediment, and decaying plant material. Turbidity is
measured in nephelometric turbidity units (NTU), which

measure light refraction through a vial of water. The
more suspended material in water, the more light is
refracted and the higher the turbidity reading. In
general, the murkier the water, the higher the turbidity.

Why is turbidity important?

Sources of increased turbidity include soil erosion,
waste discharge, stormwater runoff, and excessive algal
growth. Rain events often contribute to surface water
turbidity by flushing sediment, organic matter , and
other materials from the surrounding landscape. These
suspended materials can clog fish gills, which reduces
disease resistance in fish, lowers growth rates, and
affects egg and larval development. As particles settle,
they can blanket the stream bottom, especially in
slower moving waters, and smother fish eggs ad
benthic macroinvertebrates. High turbidity can increase
water temperature as suspended particles absorb more
heat. This reduces the concertration of dissolved
oxygen because warm water holds less oxygen than
cold water. High turbidity can also reduce the amount
of light that penetrates water, which
photosynthesis and the production of life -supporting
dissolved oxygen.

reduces

n=121 n=122 n=1351 n=108 n=74 n=134 n=29

Turbidity

Class B NH Surface Water Quality Standard: Turbidity shall not exceed
naturally-occurring conditions by more than 10 NTUs. In New Hampshire streams,
turbidity ranges from 0 to 22 NTU with a median of 1.0 NTU.

n=28 1 n=152

10-Year Results: All 22 tributary sites in the Ossipee Lake
watershed exhibited low turbidity levels well within State
standards (<10 NTU) and showed a healthy range of 0.1 to 6.7
NTU and an average fa all sites at 1.1 NTU (Figure 9. Mean
turbidity levels fell below 2 NTU for all sites with the exception of
Weetamoe Brook 1 (OL-5ua) at 2.1 NTU. Four sites exhibited
maximum turbidity levels above 6 NTU: Danforth Pond outlet (GF
1 at 6.2 NTU), Banfield Brook (GM1 at 6.7 NTU), Forrest Brook2
(GM-3 at 6.7 NTU), and Frenchman Brook4 (GO-2 at 6.5 NTU). A
nearby sand parking lot may be contributing to the high turbidity
readings at Frenchman Brook 4 (GO-2). These turbidity readings
were likely collected during dry weather conditions and do not
reflect storm conditions that may cause exceedances in turbidity
at many sites. Mann-Kendall tests revealed declining trends in
turbidity from 2002 -2011 at Red Brook 3 (OL-7), Cold Brook A2
(GR3), Banfield Brook (GM 1), and Forrest Brook2 (GM-3).
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Figure 9. Turbidity recorded for tributary sitesfrom 2002 to 2011. Data are organized by site and town. Any readings above 10 NTU may inhibit aquatic

life function. Red asterisks indicate sites with degrading trends in turbidity from 2002-2011 using Mann-Kendall tests.“ n” i s

to Figure 1 for site locations.
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Specific Conductivity

What is specific conductivity?

Specific mnductivity is the numerical expression of
s ability to mamalizgd
to a water temperature of 25 °C. Specific conductivity
measures cations (calcium, sodium, potassium, and
magnesium) and anions (chloride, nitrate/nitrite, and
sulfate) in water. Many of these ions are weathering
products and reflect differences in parent geology and
human activities within the surrounding landscape.

wat er

Why is specific conductivity important?

High specific conductivity can be a sign of pollution

from road salting, septic systems, wastewater treatment
plants, and urban or agricultural runoff. Since chloride
in streams contaminated by excess road salts often
dominates total ionic particles within a waterbody,

specific conductivity can be used as a surrogate
measure for chloride levels; high chloride levels can be
toxic to aquatic life.
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Figure 11. Variation in chloride accounts for 78% of variation

in specific conductivity at all 22 tributary sites, likely from

Class B NH Surface Water Quality Standard: while there is no numeric
standard for surface waters in the Sate because levels vary naturally according to local
geology, values exceeding 100 uS/cm generally indicate human disturbance According
to the NH DES, Hampshire’s
values, but levels are increasing at a statistically significant rate largely due to the
influence of road salting.

New surface water

10-Year Results: For the 22 tributary sites in the Ossipee Lake
watershed, specific conductivity shows a close relationship with
chloride levels, which account for 78% of the variation in specific
conductivity (Figure 10). This relationship suggests that specific
conductivity measurements can be used as a surrogate for
chloride in future monitoring efforts if funding is unavailable for
laboratory analysis of chloride. This should be used with the
understanding the 22% of the variability in specific conductivity is
due to ions other than chloride. All sites showed mean specific
conductivity levels below 100 uS/cm with the exceptions of
Banfield Brook (GM-1 at 116 uS/cm) and Frenchman Brook4 (GO
2 at 137 uS/cm), both of which also hold the highest maximum
values of all the sites at 300 and 335uS/cm for GM-1 and GO-2,
respectively. These sites are located downstream from major roads
and have elevated sodium and chloride levels compared to the
other sites (components of road salt). Thirteen of the 22 tributary
sites exceeded 100 uS/cm on at least one occasion which
indicates human disturbance likely from road salts in stormwater
runoff from impervious surfaces (Figure 11). Mann-Kendall tests
revealed no significant (a=0.05) change in specific conductivity
from 2002-2011 at any of the 22 tributary sites.

road salt in stormwater runoff from impervious surfaces. This

suggests that specific conductivity can be used as a
surrogate for chloride if funding is unavailable for all sites.
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Figure 10. Specific conductivity recorded for tributary sites from 2002 to 2011. Data are organized by site and town. Red boxplots show sites witt

specific conductivity readings greater than 100 uS/cm, suggesting influence by human activities.“ n ”
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Dissolved Oxygen

What is dissolved oxygen?

Dissolved oxygen (DO) is commonly expressed as a
concentration in terms of milligrams per liter (mg/ L) or
as a percent saturdion. Percent saturation is the
amount of oxygen dissolved in water divided by the
maximum amount of oxygen that water can hold at a
given temperature; this depends on temperature and
atmospheric pressure as gases dissolve more easily in
cooler water under higher pressure. Water flow, depth,
and the amount of organic matter can also influence
DO in water.

Why is dissolved oxygen important?

DO facilitates critical chemical reactions within water
and benthic sediments that support life processes and
functions. Depletion of available oxygen (known as
hypoxia or anoxia) inhibits physiological functioning of

aquatic life and its persistence can reduce the diversity
and abundance of biota. DO fluctuates naturally on a
diurnal basis depending on a suite of interactions and
resource availability (e.g. light, nutrients, organic
matter, temperature, etc.). DO is often highest during
the day when sunlight drives photosynthesis (produces
oxygen), while DO is often lowest at night when
autotrophic respiration and decompos ition of organic

matter dominates (consumes oxygen). In some
instances, water can become saturated with more than
100% DO when turbulent water enhances gas exchange
with the atmosphere and/or when photosynthesis by

aquatic plants (i.e. production of oxygen) exceeds
respiration (i.e. consumption of oxygen).

Class B NH Surface Water Quality Standard: Dissolved oxygen shall not
fall below 5 mg/L at any place or time or 75% saturation minimum daily average, unless
naturally occurring. When dissolved oxygen fals below 5 mg/L or a 75% minimum daily
average, inputs of nutrients, wastes, or other organic material may be occurring. Levels
are also considered critical for aquatic organisms when they fall below 5 mg/L.

10-Year Results: The majority of tributary sites demonstrated DO
concentrations above 5 mg/L and 75% saturation (Figure 12. DO
for all sites ranged from 0.1 to 16.9 mg/L and 5% to 132%
saturation, with an average of 9.4 mg/L and 89% saturation. Two
sites had mean DO concentrations and percent saturation fall
below State standards: Weetamoe Brook (OL5) at 4.5 mg/L and
46% saturation and Red Brook (OL7) at 3.6 mg/L and 35%
saturation. One additional site had mean percent saturation fall

below the State standard: West Branch River (OLLu) at 73%. Of
the 22 RIVERS and OLT sites, 5 sites and 17 sites showesbme
readings below the State standard for DO concentration and

percent saturation, respectively. Natural conditions may be
depleting DO at South River (GE2) and Red Brook (OL7), since
both sites are located downstream of wetlands. Lower flow rates
and associated build-up of organic matter, whether natural or

human-induced, could also be depleting DO at Cold Brook (GF2)
and Weetamoe Brook (OL-5ua). Dams and culverts causing
restrictions to water flow and resulting in stagnation and organic

matter build -up could be the cause of low DO in a few cases as
well. Mann-Kendall tests revealed a declining trend in DO
concentration from 2002-2011 at Pine River (GEL).
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Figure 12. Dissolved oxygen (DO) as concentration (top) and percent saturation (bottom) recorded for tributary sites from 2002 to 2011. Data are
organized by site and town. Any readings below 5 mg/L or 75% saturation may inhibit aquatic life function. Red boxplots show sites where some DO
readings fell below State standards. Red asterisks indicate sites with degrading trends in DO from 20022011 using Mann-Kendall tests.“ n ”

number of samples. Refer to Figure 1 for site locations.
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What is phosphorus?

Total phosphorus includes all dissolved phosphorus (i.e.
organic and inorganic phosphorus) as well as the
phosphorus contained in or adhered to suspended
particles, such as sediment and plankton (i.e. particulate
phosphorus). Phosphate is the inorganic component of
total phosphorus and is the most biologically av ailable
form of phosphorus.

Why is phosphorus important?

Phosphorus is an essential nutrient for growth, and is
one of the limiting nutrient s to plant growth in
freshwater systems.Phosphorus is typically very low in
natural systems; therefore, even a small increasecan
have a large impact, triggering problematic algal
blooms and plant growth that can lead to cultural
eutrophication. Eutrophication (nutrient enrichment
that
deficiency of oxygen, for aquatic organisms and cause
other water quality problems. Higher concentrations of
phosphorus are primarily associated with human
activities within a watershed and are therefore
important

increases productivity) can cause anoxia, or

to monitor and control. S ources of
phosphorous include: human waste, animal waste,
industrial waste, soil erosion, fertilizers, disturbance of
land and vegetation (e.g. draining or filling wetl ands),
agricultural runoff, and stormwater runoff. Synthetic
phosphates are also often used in laundry detergents
as a water softenerr Phosphor us
sediment, and in instances of shoreline disturbance or
heavy rain events causing erosion, phosphorus
attached to soil particles can be washed into waterways.
Total phosphorus will also accumulate in slow moving
stream reaches and in impoundments (i.e. upstream of
a dam, and in lakes and wetlands) where particulate

nhnanhanriis settles niit nf th e water caliimn

n=93;65 n=87;59 n=10584 | n=7553 n=T446 n=113;84 p=148 n=15111 n=123;95 n=66;39, n=88,59 n=127,98 n=56;35 n=9464 n=1712 n=63

tend:

Phosphorus

Class B NH Surface Water Quality Standard: “ Cl as s
no phosphorus or nitrogen in such concentrations that would impair any existing o r

B wat e

designated uses, unless naturally occurring” Due to the high degree of natural variability
in phosphorous and difficulty in pinpointing an exact source, there is no numeric
standard. However, NH DES does pay attention to readings above 50 ug/L (parts per
billion), while the USEPA recommends < 20ug/L. Typical total phosphorus levels in New
Hampshire streams range from 0 to 20 pg P/L; any cancentrations greater than 20 pg
P/L is considered high for New Hampshire streams under natural conditions.

10-Year Results: All 22 sitesranged from 0 to 171.3 ug/L with an
average of 11.1 pg/L for total phosphorus and from O to 105.3
ug/L with an average of 4.0 ug/L for phosphate (Figure 13). The
majority of sites had mean total phosphorus concentrations below
20 pg/L with the exceptions of Cold Brook Al (GF2) at 20.8 ug/L,
Weetamoe Brook 1 (OL-5ua) at 65.1 ug/L and Red Brook 3 (OL-7)
at 66.6 pg/L. Mean phosphate exceeded 20 pg/L at Weetamoe
Brook 1 (OL-5ua) at 28.7 ug/L and Red Brook 3 (OL:7) at 37.3
ug/L. Red Brook (OL=7) had the highest maximum value for both
total phosphorus and phosphate. Ossipee River (GE3) exceeded
20 pg/L on only one occasion on 7/6/2009 at 87.4 ug/L
phosphate; this measurement is a distinct outlier and does not
correlate to a significant rain event. The sample may have been
contaminated by some other and non -typical
disturbance upstream, particularly since median phosphate for this

unknown
site is below detection limits (<5 pg/L). Mann-Kendal tests

revealed no significant (a=0.05) change in phosphorus from 2002-
2011 at any of the 22 tributary sites.
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Figure 13. Total phosphorus (TP; top) and phosphate (PQ; bottom) recorded for tributary sites from 2002 to 2011. Data are organized by site and town
Note that the pH scale (left side) is in logarithmic scale not a linear scale.Red boxplots show sites where phosphorus fell above natural levels of 20 ug/L.
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tr bf eamplas.Réfex to Figure 1 for site locations.
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What is nitrogen?

Total dissolved nitrogen (TDN) is the sum of dissolved
organic and inorganic nitrogen (i.e. DON, DIN). DIN
consists of two forms of inorganic nitrogen, ammonium
(NH4"), nitrate (NO3’), and nitrite (NO2’). Ammonium is a
waste product of metabolic processes in animals, and
can be toxic in high amounts; nitrate occurs naturally by
nitrification of ammonium in oxidizing environments
where microbes convert ammonium to nitrite to nitrate.
This conversion is so rapid that nitrite is usualy
undetectable. Particulate nitrogen is not abundant in
nature since it is highly soluble.

Why is nitrogen important?

Nitrogen makes up about 80% o f t he
atmosphere, is found in all plant and animal tissues,
and is considered one of the main limiting nutrients to
primary productivity. Excess nitrogen loading in streams
can act as a fertilizer to algae and other aquatic plants,
resulting in unwanted algal blooms and excessive plant
growth; this eventually leads to anoxia that can degrade
aquatic life function. DIN enters waterbodies from
stormwater runoff, septic systems, animal waste,
agricultural runoff, excess fertilizer from lawns, and
discharge from car exhausts, while DON is typically
generated by natural processes that occur in wetlands
and forest soils. Ammonium is easier for plant and
microbial to uptake since it is more energy efficient to
use than nitrate. However, ammonium is typically low in
undisturbed streams as a result of direct uptake or
nitrification to nitrate. High levels of ammonium usually
indicate some type of pollution. Nitrate contamination
of drinking water can cause Methemoglobenemia, a
serious illness in infants that inhibits respiration and
increases the risk of gastric cancer at levels above 4 mg
NOs-NI/L.

Class B NH Surface Water Quality Standard: No quantitative standard
exists for nitrogen; however, nitrogen should not occur in any concentration that would
impair designated uses, unless naturallyoccurring. The USEPA limit for nitrate in
drinking water is 10 mg NOs-N/L; however, some studies have suggested that
concentrations above 4 mg NOs-N/L can cause neurologicd damages to humans.
Typical nitrate levels in undisturbed streams are usually 0 to 5 mg NOs-N/L; anywhere
from 0.5 to 2 mg NOs-N/L suggests some level of disturbance; nitrate greater than 2 mg
NOs-N/L clearly indicates disturbance. In the Lamprey River Watershed (southeastern
NH), streamsrange from 0 to 1 mg NOs-N/L, depending on development. Ammonium is
also usually low, typically less than 0.2mg NHa-N/L, and ranges from 0 to 0.1 mg NH4-N
/L. in the Lamprey River Watershed.

10-Year Results: All 22 tributary sites ranged from 0 to 1.81 mg/L
with an average of 0.2 mg/L for total dissolved nitrogen, 0 to 0.44
mg/L with an average of 0.18 mg/L for ammonium, and 0 to 0.40
mg/L with an average of 0.06 mg/L for nitrate (Figure 14) The
majority of sites had mean total dissolved nitrogen less than 0.3
mg/L with the exceptions of Red Brook 3 (OL-7) at 0.49 mg/L and
Weetamoe Brook 1 (OL-5ua) at 0.67 mg/L. Chocorua River (3-4)
had the highest maximum total dissolved nitrogen at 1.81 mg/L,
but this was an outlier (all other points for this site fe Il below 0.5
mg/L) comprised mostly of dissolved organic nitrogen (1.58
mg/L). All sites had mean ammonium below 0.2 mg/L, but 5 sites
(GO-5, OL:-5ua, OL-7, GS1, and GT1) exceeded 0.2 mdL on one
or more occasion with Red Brook 3 (OL-7) exhibiting the highest
maximum concentration at 0.44 mg/L. All sites had mean and
single sample nitrate below 0.5 mg/L with Lower Bearcamp River2
(GO-5) exhibiting the highest maximum concentration at 0.40
mg/L. Mann-Kendall tests revealed degrading trends from 2002-
2011 at Ossipee River (GE3), Danforth Pond outlet (GF1), and
Bearcamp River4 (OL-2).
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Figure 14. Total dissolved nitrogen (TDN; top), ammonium (NH4"; middle), and nitrate (NOs’; bottom) recorded for tributary sites from 2002 to 2011.

Data are organized by site and town. Red boxplots show sites where nitrogen falls above natural levels of 0.2 mg NH:-N/L and 0.5 mg NOs-N/L. Rec
asterisks indicate sites with degrading trends in nitrogen from 2002-2011 using Mann-Kendall tests.“ n ” t he n u mRbferto Figufe 1 $or
site locations.
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Chloride

What is chloride? Class B NH Surface Water Quality Standard: The acute toxicity limit for

) . . chloride (i.e. level which sudden and severe impacts occur) is 860 mgClL and the
Chloride (CI) is an element present in most

waterbodies, but concentrations are typically low and
vary depending on geology, atmospheric deposition,
and human activities.

chronic toxicity limit for chloride (i.e. level which negatively impacts aquatic health) is
230 mg CI/L for NH surface waters. The drinking water limit for chloride is 250 mg CIL.
Typical background levels in NH surface waters are less than 30 mgCl/L.

Why is chloride important? 10-Year Results: All 22 tributary sites had chloride concentrations
Chloride is of primary interest to management because below the acute and chronic toxicity limit for chloride , ranging from

it represents a large anthropogenic source of pollutants 0.6 to 90.6 mg/L with an average of 12.5 mg/L. The majority of sites

from road salt, water softeners, septic systems, .
showed mean chloride less than 30 mg/L except for Frenchman Brook
wastewater treatment plants, and stormwater runoff.

Because of this, the concentration of chloride is directly 4 (GO-2) at 36.3 mg/L, and 5 sites (GF3, GM-1, GO-1, GO-2, and GT
linked to population density and percent impervious 1) had chloride levels above 30 mg/L on at least one occasion (Figure
cover (e.g. roads)where greater runoff from developed
areas impacted by road salt application leads to high ] )
inputs of chloride. High chloride concentrations in chloride concentration at 90.6 mg/L. Mann-Kendall tests revealed a

streams and groundwater can be toxic to aquatic life declining trend in spring chloride from 2002 -2011 at Cold Rive (GS
and human health.

16). Frenchman Brook 4 (GO-2) also had the highest maximum

1), but improving trends in summer and spring chloride from 2002 -

2011 at Forrest Brook 2 (GM-3) and Frenchman Brook 4 (GO-2),
respectively. Higher levels of chloride at Frenchman Brook4 (GO-2)
and Banfield Brook (GM-1) may be attributed to their proximity to

major routes, such as Route 113 and 25 where road salt application is
prominent. Average chloride concentrations among streams in
southeastern and central NH were closely related to their respective

1000 3 Southeastern NH

100 o

Cl(mglL)

road density (Figure 15). This suggests that road salting practices on

these impervious surfacesare elevating stream chloride levels and the

i ! ? chronic toxicity limit (hor izontal dashed line in Figure 15 may be
Figure 15. Average chloride concentrations among
streams in southeastern and central NH increase with
increasing watershed road density (GMCG, 2009)

reached in central NH streams in the near future.
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Figure 16. Chloride levels recorded for tributary sites from 2002 to 2011. Data are organized by site and town. All sites &ll below the State standard for

chronic toxicity limit for chloride at 230 mg /L by more than half the limit. Red boxplots show sites with readings above 30 mg/L, which suggests possible

human impact above natural background levels for New Hampshire. Red asterisks indicate sites with degrading trends, while blue asterisks indicate sites
with improving trends for chl oride from 2002-2011 using Mann-Kendall tests. GM3 is improving in summer chloride levels (i.e. road salt in

groundwater); GO-2 is improving in spring chloride levels (i.e. road salt from spring snowmelt flushing); and GS 1 is degrading in spring chloride levels

(i.e. road saltfrom spring snowmelt flushing). “ n” i s t he n u Méfeto Figufe 1 forasite fotagoss.
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LAKE RESULTS

Five deep spotsin the Ossipee Watershed habeen
monitored for total phosphoruamong other parameters
by the NH Lakes Lg Monitoring Program (LLMP) and
the NHDES Volunteer Lakes Assessment Progra
(VLAP), with assistancdrom local campsyolunteers
and GMCG staff (refer toFigure 1on page % Two bays
(Broad Bay and Leavitt Bay) have been tested since 1S
and three others (Ossipee Lake, Berry Bay, and Lowe
Danforth Pond) have been tested since 2@#8npling —
was limited to migsummer, so@mple size ismallerthan =
the tributaries prograr(il-3 samples per year until 2013
14 when sampling increased te5% Thesemonitoring
efforts have generated laistorical dathase that will help
to detemine yeatto-yearvariability in lake condition and
identify anyshort or longterm changes in water quality.

Trend analysefor datacollected between 2003 and 201
were completedby FB Environmental Associatésr total A volunteer lowers a Secchi disk into the lake to
phosphorusin Ossipee Lake, Broad Bay, Leavitt Bay,measure water clarity. (Photo: GMCG)

Berry Bay and Lower Danforth Pond.Full results and discussion can be found in the watershed
management planfor thesevaterbodiedFBE, 2015) Data and trend analyses for other important lake
parameters can be found on the NHDES VLAP website thvittual lake reports at
http://des.nh.gov/organization/divisions/water/wmb/vlap/annual_reports/2018dp&ds.htm

No statisticallysignificant trendin total phosphorus was found fany of thesevaterbodiesduring the
specified time periodFigure 17. Thisindicates that phosphorus has been relativeblein Danforth
Ponds,Osspee Lake and its lower baysver the pastwelve years with moderate variabilityY earto-
year variabity is expectedn data from waterbodiesith low sample sizes per year € 1 to 5. These
20032014 trend analyses mirror those presented in the NH VLAP individual lake repwattsthe
exception of Broad Bay, which shows degrading (increasing) phospfrora 19962013.

Monitoring resultsalsoshow that Lower Danforth Pond has higher total phosphorus levelshinather

bays of Ossipee Lakand Ossipee Lake itseland has total phosphorus levels tagd typicallygreater

than the &ate meanNHDES suggests thanternal phesphous loading(phosphorus that is meleased

from bottom sediments into the water column as food for algae and plants; usually caused by low oxygen)
in the hypolimnion of Lower Danforth Pondis likely contributing to this higher phosphorus
concentration

Finally, total phosphorus within Broaand BerryBays fell within their "reserve™" assimilative capacity

(i.e. mediarconcentrationsvithin 10% of the State standard his indicateshat phosphorus management

is needed within the watershed to reduce arepihosphorus leveland protect thedeaysfrom exceeding

State water quality standards in the near future. Refer to the Danforth Ponds and Lower Bays of Ossipet
Lake Watershed Management P(&BE, 2015) for more detailed information.
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Figure 17. Trends for total phosphorus values (in parts
ppb” o r the gthdy waterbodies
from 2003-2014. Also shown isthe 12-year median for

“

per billion

each waterbody (blue dashed line), NH State
phosphorus thresholds (purple dashed line) for
oligotrophic (Osspee Lake and Broal, Leavitt, anc
Berry Bays) and mesotrophic (Danforth Ponds). Manr
Kendall tests revealed no statistically significant trends
in phosphorus concentrations over the time period.
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SUMMARY

Analysis of water quality data for selgaobutariesof the Ossipee Watershed between 20021 showed
that water quality in the watershed is very good overdflany parameters across the select sites met
established New Hampshire water qualitgnstards or fell within levels indicative of natural conditions
and not human impact, with some notable excepti@efer to Tables 1 and 2 in the Executive Summary
for a summation of water quality parameters analyzed for the select timentiybutarysites.

While the water quality is generally good for the Ossipee Watersbatk sites have emerging problems
that need attention (refer to Table 2).

T

Low pH (slightly acidic waters) is common at all sitespme of whichis a result ofnatural
conditionsin New Hampshire streanfsom local geology and acid rain. Most sitesperiencd
periods of dangerously low pH that can inhibit aquatic life function.

Water temperature exceeded a recommended maximum of 24° C for coldwater fish species at
Ossipee River (&-3), Danforth Pond outlet (GE), West Branch Rived (OL-1u), Banfield
Brook (GM-1), and Bearcamp Rivdr(OL-2).

Specific conductivity exceeded 100 pS/con at least one ocdas at thirteen of the twenty

two tributary sites(out of thirty active siteg, suggesting that humanstlirbancas contributing
chemical ions(e.g. chloride, nutrients, etc.) to surface waters in the watershed above natural
conditions.

Turbidity has incrased (worsened) over the past years at Cold Broold2 (GF3), Banfield
Brook (GM-1), Forrest Brook (GM-3), and Red Brool8 (OL-7). This is likely a result of sall
erosion following rain events, which can be fixed with riparian buffer plantings and road
maintenance.

Dissolved oxygen has decrased (worsened) over the pastyears at Pine Rivet (GE-1), and
exceeded the State standard for concéiomaand percent saturation at fivend seventeen
tributarysites respectively

Total phosphorus and phosphate wereelevated atWeetamoe BrooKk (OL-5ua)and Red
Brook 3 (OL-7).

Total dissolved nitrogen hasincreased (worsened) over the past years at Danforth Pond
outlet (GF1) and Bearcamp Rivér(OL-2).

Ammonium has incrased (worsened) over the past years at Ossipee River (&8 and has
exceeded natural levels\AteetamoeBrook 1 (OL-5ua) andRed Brook3 (OL-7).

Springchloride has incrased (worsened) over the last y@ars at Cold River (G3$), but spring

and summer chloride have decreased (improved) at Frenchman4{Gak2) and Forrest Brook

2 (GM-3), respectively.Although chloride concentrations were well belo®tate standards for
chronic exposureseveral sites exceeded natural background levels of 30 mg/L on at least one
occasion including Cold Brook A2 (GF3), Banfield Brook (GM1), Beech Riverl (GO-1),
Frenchman Brookl (GO-2), and Bearcamp Rivdr(GT-1). These higér chloride concentrations

are likely from road salt afipations, which enter streams via culverts and ditches and infiltrate to
groundwater via roadside soils (Daley et al. 2009).
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These analyses revealéour sites that have multiple water quality parameters exceeding State water
guality standards, exceedingtural background levels, and/or showing deteriorating trétids: River 1
(GE-1), Banfield Brook GM-1), Weetamoe Brool (OL-5ua), and Red Brook3 (OL-7). These sites
should be pority targets for future restoration efforts.

All five monitored deep spotgOssipee Lake, Broad Bay, Leavitt Bay, Berry Bay, and Lower Danforth
Pond)within the Ossipee Watershed meet the State water quality standard for their respective trophic
class(i.e. oligotrophic or mesotrophic), anthayses of total phosphorus in thesaterbodiesshow a

stabe trend from 2002014 However, these analyses were based on a limited dataset of fime to
readings per year, which may not be a large enough annual ssimgte make strong conclusions about
trends in lake conditionTotal phosphorus withirBroad and Berry Bays Hewithin their "reserve”
assimilative capacity. This indicatésat phosphorus management is needed within the watershed to
reduce median phosptus levels and protect thekaysfrom exceeding State water quality standards in

the near future GMCG is currently developing watershbdsed management plans that fan
phosphorus in the Ossipeea®rshed, with the goal of developing straésgo lessen the nutrient load to
thesewaterbodieslt is also important to note that lake water quality changes naturally over hundreds or
thousands of years, gradually transforming from less productive (oligotrophic) to more productive
(eutrophic) systas; human disturbances within a watershed can accelerate this transformation within
only a few years or decades, which is why remedial steps should be sought to mitigate and manage thi:
change.

More than 1,000 streams, rivers, and lakes in the greater Figeo Watershed (which includes the
Ossipee Watershed) in New Hampshire and Maine are listed as impaired, most of which are due to
nonpoint source (NPS) pollution that enters surface and groundwater. Many New Hampshire streams,
including severaltributary sitesanalyzedin this report, show deteriorating trendssomewater quality
parameters, buvater quality at these sitesill meet State water quality standards. This presents a unique
opportunity for engaged stakeholders, such as GME@ watershedotvng to utilize restoration
techniques that can reverse or stabilize these deteriorating trends in water quality.

Water quality information empowers communities to make informed planning and repooteetion
decisions. Results of the analyses compléte this report can be used the watershed towns and their
partners GMCG, OLA, NHDES, and otherdp prioritize and direct future monitoring and water quality
protection efforts throughout the Ossipee Watersaanmunities can address water qualggues by
adoping NHDES, NHLA and UNH recommended Best Management Practices (BMPs) and Low Impact
Development (LID) techniques as parts of their local lasel planning and development regulations.
Towns can also incorporate shoreland auglifer protectionpriorities into their local planning and
regulatory structures. Specific recommendations for future monitoring, watershed planning, and
restoration actions to redubd’Spollution in the Ossipee Wershed are discussed in the next sectial

in the Ossipee watershed management plans (FBE,.2015)
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RECOMMENDATIONS

Making recommendations is an important part of the watershed management planning process. The
following recommendations should be viewed as a starting point for local discussion, planning, and
implementation that may be modified basgdnew informatioror stakeholdepriorities. A more specific

plan will be outlined in the watershed management plans for the Ossipee Watenstiethose
recommendations will be based on local review thattaitietappropriateadions for the watershed.

Continue Long-Term Monitoring Program. The most important step for future protection of the
surface and groundwateesourcesin the Ossipee Watershed is to contirthe existing monitoring
program.Only throughconsistentlongterm data can we understand our ecosystems aognze low
and why they changeThis is essential for makinghformed decisions about ¢l future use and
protection and is relatively inexpensive insurance formning good water quality ithe future

Recommendations for improving and/or expanding the current monitoring program include:

1 Address areas around sites exhibiting deteriorating trends in water q&gly.Management
Practice (BMP)examples for water quality parameters that showed deténgrtaends at certain
sites include:

o Turbidity- Prevent erosion at the source by maintainiogds, installing BMPs, or e
establishing thehorelinebuffer.

o Nutrients Establish or maintain good shorelinmiffers of native vegetation, and ensure
adeqiate sewage tatment across watershed (e.g. properly functioning and maintained
septic tanks Reduce fertilizer application.

o Chloride Improve catchbasins andecrease road salt applicati@s much as possible
within safety limits and investigate theconnection with groundwater as a source of
chloride to surface water€onsider editing winter road guidelines to help lower use of
road salt.

o Dissolved OxygenDetermine if areas with low dissolved oxygame a result of natural or
humanmade conditions, sh as slow flow, minimal water mixing, or poinsource
discharges that may cause oxygen depletion in streams.

o Conduct brackesamplingupstream of sites with State water quality exceedances and/or
deteriorating trendslhis may help target speif A htos &8 pof sedi ment o
to the streams.

1 Protectareasn the watershethat contain sites with good water quality and stable trends.

Establishannual groundwater monitoring to understand drinking water issues.

1 Capture water samples during stoewentsto examinesediment and nutrient inputs during peak
dischargesThese samples may loellected either by manual or automagi@ab samples during
storm eventst streanor lakesites. Sampling earlier and later in the year at lake sites would also
be helpful in understanding lake condition during turnover periods.

1 Deploy data loggers to capture continuous water quality informabaa loggers may be
deployed at strategic locations in rivers, streaamsl lakes to capture continuofgsg., every 30

=a

25



Green Mountain Conservation Group ~ 10-Year Water Quality Report

minutes) data foa number of parameters, includifigw, water temperature, dissolved oxygen,
specific conductivity, turbidity, chlorophyld, and algae abundance. Thesgadvould provide
better understanding of local processes in the Ossipee Watepsmtidularly at sites with
deteriorating water quality trends. Of particular importance is meastlangsince measured
concentrations are a function of water volume, which changes over the course of gesingled
across multiple years.

i Review historgal concentratiordata as influenced by precipitation and flow.

Emphasize Coordinated Local Planning.

1 Complete and follow the action items presented in the watershed management plans for the
Ossipee Watershed. The measures presented in the plan wijurgdplocal efforts in controlling
sources of pollutants from entering waterbodies and improve water quality over time.

1 Prevent pollution at the local levek.§. watershed associations, local governmestt) by
utilizing LID techniques anBMPsin thewatershedind develomg local watershedhitiatives

1 Encourage town officials to promote sustainatdgelopment and tdevelopwatershedr aquifer
overlay districts.

1 Encourage dwn officials to coordinate plawing and policy making witithe otherwateshed
towns.

Minimize Nonpoint Source Pollution.

1 Minimize NPS inputs fromthe landscape bgevelopingerosion and sediment contiioitiatives,
maintaining septic systems, limiting fertilizer and road salt ysagimplementingBMPs

Identify and Monitor Potential Contamination Sources.

1 Identify and evaluate specific potential sources of contamination to surface waters and the aquifer
and ensure BMPs are being followed and spill containment and enogrgrocedures are in
place.

Protect Shorelines.

1 Protectriparian corridors, shorelines, and wetlands from developmentthed degrade water
quality.

1 Stabilize stream bankshorelines,and disturbed soils, especially roads located next to rivers,
tributaries andlakes

1 Incorporate @mprehensive Sheland Protection Act (EPA) standards into municipaégulatory
strudures Visit http://www.des.state.nh.us/CSPiaf more details.

Promote Best Management Practices.

1 Promot the use oBMPsto prevent NPS pollutioBMPs include limiting or using alternatives to
road salt/road salting strategies, the use of vegetative buffers, covering salt/sand piles, preventing
snow dumping directly in surface waters, and proper treatmenhoff.

1 Encourage and work with State and town DPWs to control salt application on roads by identifying
sensitive sites for more control and making sure truck equipment is properly calibrated.
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1 Ensure that BMP guidance are built into local site plan tivéa where appropriate.
1 Visit the following for more information:
0o BMPs for Groundwater Protectionlatp://www.des.state.nh.us/factsheets/ws2®4.htm
o0 BMPs for Suface Water Protectio http://www.des.state.nh.us/wmb/was/manual/
0 UNH Stormwater Research Centettp://www.unh.edu/erg/cstev/
0o LRPC Aquifer Protection BMP& Guide for Developers:
http://www.lakesrpc.org/services_resources_aquifer.asp

Promote Low Impact Development Techniques.

1 Encourage the use aiD techniquesn the g
Ossipee Watershed. For examp, install -
permeable pavemett reducethe need for =« =
sating in the winter and increasafiltration
and groundwater recharge. ko

1 Supportinitiativesthatlimit development on
steep slopeand protect water resources.

\' ” AR
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Educate the Public.

1 Continue to educatand engagevatershed
residents about the quality and value of t
water shedos resour (
pollutants inthe watershedand the positive
and negative ecological, recreatignand
economicimpacts theirutilization can hae
onthelakes, ponds, rivers, astreamsf the Ossipee Watershed

1 Educate the public on the benefits of septic system upgrades and pumping, maintaining shoreline
habitat, and utilizing homeowner BMPs.

Water resources in the Ossipee Watershed have significat
environmental, economic, and social values.(Photo: GMCG)
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