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EXECUTIVE SUMMARY

Mirror Lake (321 acres) is located in the Towns of Tuftonboro and Wolfeboro, NH. In 2008, Mirror
Lake was included on the List of New Hampshire Threatened or Impaired Waters as an impaired
waterbody due to recurring blooms of potentially toxin-producing cyanobacteria (blue-green algae).
In 2010, the Mirror Lake Protective Association (MLPA) was awarded a Section 319 grant to develop
a watershed management plan (WMP) focused on controlling sources of phosphorus entering the lake.
Phosphorus (P) is usually the most important nutrient determining the growth of algae and aquatic
plants in freshwater lakes. The primary goals of the WMP were to (1) identify and quantify sources
of P to Mirror Lake, and (2) develop a management plan to reduce P loading to a level that would
significantly improve in-lake conditions. A summary of the findings and recommendations from the
WMP is provided below.

Water Quality

®  Mirror Lake data from the early 1990’s to 2010 show an increasing trend in total P concentrations
of approximately 0.7 Ug/L (micrograms per liter) every ten years during this period.

e Despite the increasing trend in P concentrations, the current water quality of Mirror Lake is very
good. Both the Carlson Trophic Status Index and the New Hampshire Department of
Environmental Services (NHDES) trophic classification system result in a “lower mesotrophic”
classification for Mirror Lake.

e Cyanobacteria blooms have been a concern since Mirror Lake’s first documented cyanobacteria
bloom in 2007. Since 2007, 40 lake samples have been analyzed by NHDES for cyanobacteria
and other algae. None of these samples have exceeded the current standard for beach
advisories or lakewide warnings (cell count of 70,000 cells/ml or greater). The highest recorded
level of microsystin (a toxin produced by some species of cyanobacteria) was 0.36 ppb, as
measured during a 2008 cyanobacteria bloom. This microsystin level is three times lower than the
World Health Organization (WHO) standard for drinking water and sixty times lower than the
WHO standard for recreation.

e In New Hampshire, the water quality standard for mesotrophic lakes such as Mirror Lake is 12
Mg/L of total P. To maintain at least a 10% reserve assimilative capacity, the maximum median
epilimnetic (surface water) P concentration for Mirror Lake is 10.8 pg/L (12 Pg/L - 1.2 pg/L).
Mirror Lake’s current median P concentration is 10.0 Ug/L, indicating water quality that is better
than the NHDES standard for mesotrophic lakes.

Annual Phosphorus Loading and Hydrologic Budget

e To estimate Mirror Lake’s current annual P load, Geosyntec combined the loads from watershed
land uses, internal loading, septic systems, atmospheric sources, and the Wolfeboro Wastewater
Treatment Plant (WWTP). The estimated annual P load of 320 Ib/year is summarized below.

» Runoff from watershed land uses accounts for 52% (165 Ib) of the annual load;
Septic systems account for 7% (23 Ib) of the annual load;
Atmospheric deposition (wet and dry), accounts for 24% (78 Ib) of the annual load;

Internal loading accounts for an estimated 17% (54 Ib) of the annual load;

YV V V V

Runoff from the WWTP is estimated to account for only 0.6% (1.8 Ib) of the current annual load.
During full operation, the WWTF is estimated to have contributed 7.1% of the total load; and



» New development projected for 2030 is estimated to increase the annual load by 26.4 1b/yr.

The Mirror Lake hydrologic budget indicates that the lake has an estimated annual discharge of
3,955,000 m3/yr. Based on this estimated discharge, the time required for complete lake flushing
(hydraulic residence time) is 1.4 years. The hydrologic budget provides information that is
required for the P concentration modeling discussed below.

Phosphorus Concentration Modeling Results

Geosyntec developed two steady-state models, the Vollenweider Model and the Nirnberg
Model, to predict the relationship between P loading and in-lake P concentrations for Mirror Lake.

The Vollenweider equation predicts an in-lake phosphorus concentration of 13.9 pg/L,
significantly higher than the observed 2010 average of 10.4 Ug/L. The Vollenweider equation
also only predicts one annual concentration that reflects the lake in a fully mixed state (i.e., during
spring turnover), and does not predict peak concentrations in late summer and early fall when
cyanobacteria blooms are more likely to occur. Due to these limitations, the Nirnberg Model
appeared to provide a more accurate and useful predictive tool for Mirror Lake.

The Nirnberg Model calculates an annual average P concentration (10.5 Ug/L), a summer
epilimnion P concentration (8.7 Ug/L), and a fall P concentration (15.0 Ug/L). P concentrations are
typically highest in the late summer/fall due to mixing of internal P load that is either bound to
sediment or retained in the hypolimnion during other times of the year. The Nirnberg results match
well with the 2010 annual and summer observed averages, and somewhat overestimates the
observed fall 2010 average.

According to the Nirnberg Model, every P load increase or decrease of 30.4 lb/yr will result in a
corresponding increase or decrease of 1.0 ug/L in the summer epilimnetic P concentration. New
development anticipated for the Mirror Lake watershed by 2030 is predicted to yield an in-lake
P concentration increase of 0.6 ug/L.

Geosyntec used the Nirnberg model to analyze a variety of P loading scenarios in order to
provide a framework for understanding the range of possible in-lake concentrations, and to aid in
the selection of the MLPA’s water quality goal. Based on review of these scenarios and discussion
with NHDES staff, the MLPA adopted a water quality goal of a summer epilimnion P concentration
of 8.5 Ug/L. P concentrations below 10 Ug/L are generally considered low enough to preclude
summer cyanobacteria blooms in most lakes.

According to the Nirnberg Model, the lake’s current P load of 320 Ib/yr must be reduced by
approximately 7.4 |b/yr to achieve the water quality goal stated above. This equates to a target
P load of 312.6 Ib/yr, including both external sources and internal loading. However, based on
2030 buildout projections, it will be necessary to either prevent additional loading or reduce
future projected loads by 33.8 Ib/yr (7.4 Ibs/yr plus an additional 26.4 Ibs/yr from projected
development) in order to maintain the water quality goal.

In addition to the steady state models discussed above, Geosyntec developed a dynamic, rate-
dependant model to investigate how long it takes for Mirror Lake’s internal P load to respond to
various changes in external P loading. For example, the model was used to investigate the lake’s
response to elimination of P loading impacts from the WWTF spray field operations in the Mirror
Lake watershed. In that scenario, the model predicts that it will take roughly 10 years (from 2010
to 2020) for elimination of the WWTF spray field to achieve its full effect in reducing the in-lake
P concentration. The dynamic model was also used to investigate the results of other potential
changes to external P loading, such as P-load increases related to future development and P-load
reduction due to sewering lakefront properties.



Watershed Management

Geosyntec conducted a watershed survey to identify locations where P loading reductions
could be achieved through storm water management improvements and other best
management practices (BMPs). In general, the stormwater drainage in the watershed
appeared to be in good condition and opportunities for storm water management
improvements were limited due to the predominantly forested character of the watershed.

The proposed storm water management BMPs would result in an estimated P load reduction of
5.2 Ib/year, which is about 70% of the targeted phosphorus load reduction of 7.4 Ib/year
for Mirror Lake. These sites are representative examples of potential stormwater
improvements and retrofits that could be implemented at numerous sites throughout the
watershed.  Significantly greater phosphorus load reductions could be attained from a
watershed-wide effort to improve stormwater management through Low Impact Development
practices (e.g. raingardens and other infiltrating BMPs) and other land management practices
such as reduced fertilizer use, use of rain barrels and cisterns, improved septic system
management, stabilization of erosion-prone areas, and proper management of domesticated
and farm animal waste.

Geosyntec identified five areas, including a total of 86 homes, as potential service areas for
community septic systems. If all five community septic systems were constructed, the estimated
annual reduction in P load ranges from 5.1 to 11.0 Ib/yr. This range could achieve the
targeted annual phosphorus load reduction of 7.4 |b/yr based on current conditions. For
general costing purposes, a cluster mound system servicing 25 homes will cost about $458,000
to install ($18,320 per house). Annual maintenance costs are estimated at $5,000 ($200
annually per home).

Model projections for 2030 indicate that potential lake shore development could result in an
additional 10.3 pounds of annual P load to Mirror Lake, including 6.0 pounds due to land use
changes and 4.3 pounds from new septic systems. This projected additional P load represents
30% of 34 pounds of annual P loading that must be prevented (based on current conditions)
to maintain the water quality goal in 2030 . Recommended strategies to reduce this future
phosphorus load include (1) protection of land either by fee acquisition or conservation
easements and (2) regulatory and land planning tools such as zoning bylaws, watershed
protection districts and Low Impact Development Bylaws.

Based on the current condition of Mirror Lake with regard to P loading and in-lake P
concentrations, in-lake treatment measures (e.g. alum freatments, dredging) are not
recommended at this time. The current water quality of Mirror Lake is very good and Geosyntec
recommends that priority should be given to maintaining and improving water quality through
watershed source controls and non-structural practices such as land conservation, regulatory tools
and public education.



1. INTRODUCTION

Geosyntec Consultants, Inc. (Geosyntec) was confracted by the Mirror Lake Protective Association
(MLPA) to develop a Mirror Lake Watershed Management Plan (WMP). Financial support for this
project was provided by a grant from the New Hampshire Department of Environmental Services
(NHDES) funded by the U.S. Environmental Protective Agency under Section 319 of the Clean Water
Act, the Tuftonboro Conservation Commission and the Mirror Lake Management Plan stakeholders.

Mirror Lake (321 acres') and its 1,460-acre! watershed are located in the Towns of Tuftonboro and
Wolfeboro, New Hampshire. The lake’s watershed is comprised predominantly of forested and low
density residential areas. The watershed also includes an approximate 22-acre portion of the
Wolfeboro Wastewater Treatment Effluent Spray Fields and the Abenaki Ski Area. The lake drains to
Lake Winnipesaukee, which is the largest lake in New Hampshire. Mirror Lake’s 3.9 mile shoreline is
bordered by approximately 105 lakefront homes, the majority of which are seasonal or vacation
homes. The primary tributary to Mirror Lake is an unnamed tributary which flows westward from its
headwaters at Abenaki Pond, a 2.2 acre pond in the eastern portion of the Mirror Lake watershed.

In 2008, Mirror Lake was included on the List of New Hampshire Threatened or Impaired Waters as
an impaired waterbody with respect to contact recreation. The cause of the impairment was recurring
blooms of potentially toxin-producing cyanobacteria. Due to this impairment designation and
increasing public concerns about cyanobacteria, the MLPA successfully applied for a competitive
Section 319 grant to develop a watershed management plan with respect to non-point source loading
of phosphorus. In freshwater lakes, phosphorus is usually the most important nutrient determining the
growth of algae and aquatic plants. Because phosphorus is typically relatively less abundant than
nitrogen, it is considered the “limiting nutrient” for biological productivity. As such, increases in
phosphorus levels tend to be strongly correlated with decreased water clarity, increased algal
abundance and other indicators of declining water quality.

The primary purposes of this WMP are:

a. to identify and quantify specific sources of phosphorus contributing to the lake’s water quality
impairments; and

b. to develop a management plan to reduce phosphorus loading to the lake to a targeted level
that would significantly improve in-lake conditions.

To achieve the goals listed above, this WMP includes the following nine elements in conformance with
the U.S. Environmental Protection Agency’s guidance for watershed based plans:

Identify Pollutant Sources (WMP Sections 2, 3 and 4)

Pollutant Load Reduction Estimates (WMP Section 5)

Describe Nonpoint Source Pollution Management Measures (WMP Section 6)
Estimate Technical and Financial Assistance (WMP Section 7)

Public Information and Education (WMP Section 8)

Implementation Schedule (WMP Section 9)

Interim Milestones (WMP Section 9)

Evaluation Criteria (WMP Section 10)

Monitoring (WMP Section 10)

WONOOGNMB®N=

1. Lake area calculated by Geosyntec by digitizing lake shoreline in ArcGIS from scanned U.S. Geological Survey topographic maps provided
by ESRI, ArcGISOnline. Watershed area calculated by Geosyntec based on ArcGIS topographic watershed delineation shown in Figure 1.
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2. LITERATURE REVIEW AND EXISTING WATER QUALITY
2.1 Water Quality Data

Total phosphorus (TP) is a measure of all organic and inorganic phosphorus forms present in the
water. In freshwater lakes, phosphorus is usually the most important nutrient determining the growth of
algae and aquatic plants. Because phosphorus is typically relatively less abundant than nitrogen, it is
considered the “limiting nutrient” for biological productivity. As stated in the State of New Hampshire
2010 Section 305(b) and 303(d) Consolidated Assessment and Listing Methodology, the NHDES
Aquatic Life Use Support criteria for total phosphorus by lake trophic class are as follows:

Oligotrophic < 8.0 mg/L
Mesotrophic <12.0 mg/L
Eutrophic < 28 mg/L

Geosyntec has collected total phosphorus measurements in Mirror Lake from a variety of sources,
including NHDES, University of New Hampshire Lakes Lay Monitoring Program (UNH LLMP), UNH
Center for Freshwater Biology (UNH CFB) and New Hampshire Volunteer Lake Assessment Program
(NHVLAP). The epilimnetic (surface water) data included measurements from the deep hole location
as well as various locations around the lake, such as Hersey Cove, Mirror Lake Drive, Libby Cove, the
Boat Launch, and Bowles Inlet (Figure 2, Sampling Location Map).

Epilimnetic phosphorus data collected by the UNH LLMP and CFB are presented in Figure 3 below.
These epilimnetic data, which range from the early 1990’s to 2010, seem to indicate an increasing
trend in epilimnetic total phosphorus concentrations of approximately 0.7 Pg/L (microgram per liter)
every ten years.

40 - < UNH Epilimnetic Data o
Trend line o
30 - <o
>
>
: 20 ~ 8<><>©
- o o
o g 0
10 - $= =9 S
° % o &
o0 8
O T T
e} Q \e) QO ) Q 2
Qo) Q (o Q) Q AN ~
S S S .
Date

Figure 3. UNH LLMP and CFB epilimnetic total phosphorus data.
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In addition to the UNH data, NHDES conducted a detailed weekly sampling program from April to
October, 2010. The results of the epilimnetic concentrations (collected at a depth of 3m) are shown
below. The average values varied seasonally, with summer concentrations (June through August),
being 4 Ug/L below the fall concentrations (September/October). The 2010 median epilimnetic
phosphorus concentration was 10.0 pg/L, and the annual mean TP concentration was 10.4 ug/L.

) -

(@)
15
O
Q O  NHDES Epilimnion TP Data
ﬁ e e Observed "Summer" Average
=]
"E_: 10 {O= _(): : go' —=C Observed "Fall" Average
= @) o Observed "Annual" Average
O
OO == = 2010 MedianTP
5
0
4 1 v v/ < $ o v
Date

Figure 4. New Hampshire Department of Environmental Services 2010 epilimnetic phosphorus data.

According to the NHDES trophic classification system, a mean TP concentration of 10.4 Ug/L places
Mirror Lake on the cusp of the “Ideal” and “Average” categories for this water quality parameter. A
complete analysis of Mirror Lake’s trophic classification based on the NHDES system and the Carlson
Trophic Status Index is presented in Section 2.2.

Catogorics TP (vt )

Ideal <10 .

Average 11.20 | Mirror Lake annual mean 2010 TP = 10.4 pg/L
More Than Desirable >15

Excessive >40

Chlorophyll-a is a green pigment used by plants, phytoplankton and cyanobacteria to convert
sunlight into the chemical energy needed to convert carbon dioxide into carbohydrates. The
abundance of this pigment provides an indirect measure of algal biomass and is therefore an
indicator of a lake’s trophic status. For the period of 2008-2010, Mirror Lake’s mean summer
chlorophyll-a concentration was 3.0 ppb (parts per billion). In water, 1 ppb is equivalent to 1 ug/L.
The median summer chlorophyll-a concentration for New Hampshire’s lakes and ponds is 4.58 ppb
and the mean is 7.16 ppb. NHDES categorizes chlorophyll-a results as follows:



NHDES Chlorophyll-a Chlorophyll-a

Categories (ppb)

Good 0-5 ———>| Mirror Lake mean summer 2008-2010 chl-a = 3.0 ppb
More Than Desirable 5.1-15

Nuisance Amounts >15

The Secchi disk is a weighted black and white disk that is lowered into the water by a calibrated
chain until it is no longer visible. This method provides a measure of water clarity (light penetration),
which is primarily a function of algal productivity, water color, and turbidity caused by suspended
particulate matter. Water clarity influences the growth of rooted aquatic plants by determining the
depth to which sunlight can penetrate to the lake sediments. For the period of 2008-2010, Mirror
Lake’s mean summer Secchi disk clarity was 4.3 meters, which is on the high end of the “Good”
category according to the NHDES trophic classification system.

NHDES Secchi Disk Water Clarity
Categories (m)
Exceptional >4.5
——>| Mirror Lake mean summer 2008-2010 Secchi Disk = 4.3 m
Good 2-45
Poor <2
2.2 Trophic Status Assessment

Surface water bodies are typically categorized according to trophic state as follows:

Oligotrophic: Low biological productivity. Oligotrophic lakes are very low in nutrients and
algae, and typically have high water clarity and a nutrient-poor inorganic substrate.
Oligotrophic water bodies are capable of producing and supporting relatively small
populations of living organisms (plants, fish, and wildlife). If the water body is stratified,
hypolimnetic oxygen is usually abundant.

Mesotrophic: Moderate biological productivity and moderate water clarity. A mesotrophic
water body is capable of producing and supporting moderate populations of living organisms
(plant, fish, and wildlife). Mesotrophic water bodies may begin to exhibit periodic algae
blooms and other symptoms of increased nutrient enrichment and biological productivity.

Eutrophic: High biologically productivity due to relatively high rates of nutrient input and
nutrient-rich organic sediments. Eutrophic lakes typically exhibit periods of oxygen deficiency
and reduced water clarity. Nuisance levels of macrophytes and algae may result in
recreational impairments.

Hypereutrophic: Dense growth of algae throughout the summer. Dense macrophyte beds, but
extent of growth is light-limited due to dense algae and associated low water clarity.
Summer fish kills are possible.



Geosyntec calculated the trophic status for Mirror Lake using both the Carlson Trophic Status Index
and the NHDES ftrophic classification system. As described below, both methods resulted in a “lower
mesotrophic” classification for Mirror Lake.

2.2.1 Carlson Trophic Status Index

The Carlson Trophic State Index (TSI) is one of the most commonly used means of characterizing a
lake's trophic state. As illustrated in the Figure 5, the TSI assigns values based upon logarithmic scales
which describe the relationship between three parameters (total phosphorus, chlorophyll-a, and Secchi
disk clarity) and the lake's overall biological productivity. TSI scores below 40 are considered
oligotrophic, scores between 40 and 50 are mesotrophic, scores between 50 and 70 are eutrophic,
and scores from 70 to 100 are hypereutrophic. Figure 5 depicts the placement of Mirror Lake on this
scale, based on the data discussed below.

Figure 5. Carlson Trophic State Index for Mirror Lake
(Figure adapted from 1988 Lake and Reservoir Restoration Guidance Manual. USEPA. EPA 440/5-88-002.)

The TSI for Mirror Lake was calculated based on the data presented in Section 2.1as follows:

Transparency: Mirror Lake mean summer 2008-2010 Secchi Disk (m)= 4.3m;
TSI = 60 - 14.41In Secchi Disk (m)
TSI = 39.0 (Mesotrophic)

Chlorophyll-a: Mirror Lake mean summer 2008-2010 chl-a = 3.0 ppb;
TSI = (9.81) (In Chlorophyll-a) + 30.6
TSI = 41.4 (Mesotrophic)

Total Phosphorus: Mirror Lake 2010 mean annual TP =10.4 ug/L;
TSI = (14.42) (In TP pg/L) + 4.15
TSI = 37.9 (Mesotrophic)

As shown in the calculations above, Mirror Lake has a TSI in the lower end of the mesotrophic range
for each of the three parameters in the Carlson Trophic State Index.



2.2.2 NHDES Trophic Classification System

Geosyntec calculated Mirror Lake’s trophic status using NHDES trophic classification system, which
assigns points based on summer dissolved oxygen (DO) levels, Secchi disk transparency, aquatic plant
abundance and chlorophyll-a. Summer DO levels are included in the classification system because DO
is depleted by the respiration of organisms and decomposition of organic matter within the water
column and sediments. Anoxic (oxygen depleted) conditions at the sediment/water interface are
associated with the release of phosphorus from lake sediments back into the water column, fueling
summer algae and plant growth. Aquatic vegetation information was based on the aquatic vegetation
survey conducted by Geosyntec on July 31, 2010. The point total for all parameters is used to
determine trophic class, as indicated below:

. Summer Bottom Dissolved Oxygen Categories M'::;:ﬁike Points

.D.O. >4mg/L 0
.D.O. =1to 4 mg/L & hypolimnion volume <10% lake volume
.D.O. =1 to 4 mg/L & hypolimnion volume >10% lake volume
. D.O. <1mg/L in <1/3 hypo. volume & hypo. volume <10% lake volume

-

. D.O. <1mg/L in >1/3 hypo. volume & hypo. volume <10% lake volume v

D.O. <1mg/L in <1/3 hypo. volume & hypo. volume >10% lake volume
. D.O. <1mg/L in >1/3 hypo. volume & hypo. volume >10% lake volume
. Summer Secchi Disk Transparency Categories

>7m

>5m—-7m

.>3m—-5m 4.3m
.>2m - 3m

>1m —2m

>0.5-1m

<0.5m

. Aquatic Vascular Plant Abundance Categories
. Sparse

. Scattered v
. Scattered/Common

. Common

. Common/Abundant

f. Abundant

g. Very Abundant

4. Summer Epilimnetic Chlorophyll-a (ppb) categories
a. <4 3.0 ppb
.4-<8
.8-<12
.12-<18
.18-<24
24 - <32
.>32

|| S |W[IN|[—~

DO [W|IN|=~|O

00T (o Wwa|™ 0 |a|0(T(o(NaQ|™ 0 |a|0|T|o

oW N|=~|O

oo|la|hlWIN|~|O

Q (™00 |T

NH Trophic Stratified Mirror Lake
Classification Lakes Score

Oligotrophic 0-6
Mesotrophic 7-12 7
Eutrophic 13-24

Total Score = 7 points
Trophic Classification: Lower Mesotrophic



Overall, the NHDES trophic classification system is consistent with the Carlson TSI for Mirror Lake, with
both placing the lake within the lower mesotrophic range.

2.3 Cyanobacteria Data

The occurrence of cyanobacteria blooms has been a major concern for the MLPA and other
stakeholders since Mirror Lake’s first documented cyanobacteria bloom was observed by a UNH
researcher in October 2007. Although cyanobacteria are commonly referred to as blue-green algae,
they are actually a unique type of bacteria that is capable of photosynthesis. Cyanobacteria can be
found in almost all upland and aquatic habitats on earth, and are found in a vast majority of New
Hampshire lakes.

In lakes, some cyanobacteria species have the potential to produce toxins, which can be released into
the water as the cells decompose. Even where potentially toxin-producing species are present, toxin
levels are often are often either undetectable or at extremely low levels, well within accepted
guidelines for safe swimming and water contact recreation. However, during cyanobacteria “blooms”
(periods of rapid population growth) and subsequent mass die-off of cells, toxin levels can become
high enough to present a health threat to humans, pets and other mammals. Cyanobacteria blooms
can occur in lakes at any time, but are most common in late summer and early fall when many lakes
are at their peak annual phosphorus concentration due to seasonal release of phosphorus from bottom
sediments. Health threats are typically caused by ingestion of water, which can cause symptoms
including stomach and intestinal illness, allergic responses, liver damage and neurotoxic reactions (e.g.
tingling fingers/toes).

In New Hampshire, beach advisories are issued if more than 50% of the phytoplankton (plant algae,
including cyanobacteria) cells in a water sample are cyanobacteria, although NHDES does have the
authority to use discretion in cases where a sample has over 50% cyanobacteria but the total cell
count is very low. As of 2008, NHDES began also issuing lakewide warnings for cyanobacteria. In
2008, these warnings were based on the same standard as the beach advisories (>50%
cyanobacteria in a sample). In 2009, the standard was revised to be based on a total cell count of
all phytoplankton species (70,000 cells/ml or greater). The total phytoplankton cell count guideline is
not intended as a direct measure of cyanobacteria abundance, but is intended to indicate conditions
in which excessive cyanobacteria levels could either exist or rapidly develop. As stated above, only
some species of cyanobacteria are potentially toxin-producing, and the presence of these species
does not imply that unsafe levels of toxin exist in the water. The World Health Organization (WHQ)
guidelines for cyanobacteria are based on a measured concentration of the toxin microcystin (1ppb
for drinking water, 20 ppb for contact recreation). Microcystin is a liver toxin that is commonly found
in cyanobacteria blooms.

Since 2007, 40 Mirror Lake samples have been analyzed by NHDES for cyanobacteria and other
algae. Figure 6 provides a summary of these samples and relevant cyanobacteria guideline.



None (Highest
count was on 4 samples Aug. 2007 NHDES press release (no advisory)
40 20 .
9/4/2009: 0.06 — 0.36 ppb Aug.-Dec. 2008 (Beach Advisory/Lakewide Warning)

39,614 cells/ml)

Figure 6: Summary of Mirror Lake Cyanobacteria Sampling, 2007-2010
Figure 6 Notes:

1. Half of the samples taken since 2007 were comprised of >50% cyanobacteria cells. However, total cell
counts were not performed on many of the samples because NHDES determined the overall abundance of
cells to be very low.

2. The highest recorded level of microsystin (0.36 ppb) was measured during the 2008 beach
advisory/lakewide warning. This level of microsystin is three times lower than the WHO standard for
drinking water and sixty times lower than the WHO standard for recreation.

24 Assimilative Capacity

As defined by NHDES, assimilative capacity (AC) describes the amount of pollutant that can be added
to a water body without causing a violation of the water quality criteria. New Hampshire requires
that lakes maintain 10% of their AC in reserve. NHDES classifies Mirror Lake as a mesotrophic lake,
and therefore the water quality standard used for determining total AC is 12 Pg/L of total
phosphorus (median epilimnetic concentration). The “reserve assimilative capacity” required for Mirror
Lake is 1.2 PJg/L, which is 10% of the 12 pg/L standard. This means that, to maintain at least a 10%
reserve assimilative capacity, the maximum median epilimnetic phosphorus concentration for Mirror

Lake is 10.8 ug/L (12 yg/L - 1.2 pg/L).

Using data obtained from the NHDES OneStop Environmental Monitoring Database (as required for
AC calculations), Geosyntec calculated that Mirror Lake’s current median epilimnetic phosphorus
concentration is 10.0 Jg/L (Figure 7). This median value is consistent with the 2010 median value
presented above in Section 2.1.
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Figure 7. NHDES OneStop Environmental Monitoring Database epilimnetic phosphorus data.



To maintain the required 10% reserve assimilative capacity, the water quality goal for Mirror Lake
must be equal to or below 10.8 Ug/L. Based on a review of data and modeling scenarios developed
by Geosyntec, and consultation with Andy Chapman of the NHDES Clean Lakes Program, the MLPA
Water Quality Advisory Committee has selected a water quality goal of 8.5 pg/L  (summer
epilimnion P concentration). The modeling scenarios developed to aid in selection of the water quality
goal are presented in Section 5.4 of this report.

2.5

Summary of Mirror Lake Water Quality

Mirror Lake data from the early 1990’s to 2010 show an increasing trend in total phosphorus
concentrations of approximately 0.7 Ug/L every ten years during this period.

Despite the increasing trend in phosphorus concentrations, the current water quality of Mirror
Lake is very good. Both the Carlson Trophic Status Index and the NHDES trophic classification
system result in a “lower mesotrophic” classification for Mirror Lake.

Cyanobacteria blooms have been a concern since Mirror Lake’s first documented
cyanobacteria bloom in 2007. Since 2007, 40 Mirror Lake samples have been analyzed by
NHDES for cyanobacteria and other algae. None of these samples have exceeded the
current standard for beach advisories or lakewide warnings (total cell count of 70,000
cells/ml or greater). The highest recorded level of microsystin (a toxin produced by some
species of cyanobacteria) was 0.36 ppb, as measured during a 2008 cyanobacteria bloom.
This level of microsystin is three times lower than the WHO standard for drinking water and
sixty times lower than the WHO standard for recreation.

In New Hampshire, the water quality standard for mesotrophic lakes such as Mirror Lake is 12
Mg/L of total phosphorus. This means that, to maintain at least a 10% reserve assimilative
capacity, the maximum median epilimnetic phosphorus concentration for Mirror Lake is 10.8
Mg/L (12 Pg/L - 1.2 ug/L). Mirror Lake’s current median phosphorus concentration is 10.0
Mg/L, indicating water quality that is better than the NHDES standard for mesotrophic lakes.



3. MIRROR LAKE PHOSPHORUS BUDGET

Geosyntec developed an estimate of the annual load
of phosphorus that is delivered to Mirror Lake from
watershed sources and internal sources (sediments).
The sources included in this phosphorus budget are
described below, and include phosphorus export
from various land uses, septic systems, internal
phosphorus loading, atmospheric deposition and the
Wolfeboro Wastewater Treatment Plant (WWTP).
An estimate of phosphorus loading was developed
for current conditions and for conditions anticipated
in the year 2030.

3.1 Land-Use Based Pollutant Modeling

Geosyntec performed a land-use assessment of the Mirror Lake watershed based on ground-truthing
field investigations and review of aerial photography. The watershed was divided into nine land use
categories. The area totals assigned to each land use category are summarized in Table 1. See
Figure 8 for the land use map produced by Geosyntec.

Calculation of phosphorus export from the various land uses in the watershed was performed using a
method outlined in Chapter 8 of the New Hampshire Stormwater Manual. The method multiplies a
volume of runoff from each land use by an expected pollutant Event Mean Concentration (EMC) from
the land use. Runoff volume from each land use is calculated using the equation:

R=P,," P] +A-(0.054+09-1,)-3630
Where:

R is the runoff volume (ft3/yr);

Pannis the annual precipitation (in);

Pis the fraction of precipitation events that cause runoff;

A is the total area of the land use in the watershed (acres); and

I3 is the fraction of impervious cover in the land use.

Geosyntec used a combination of remote sensing and field investigations provided by MLPA
volunteers to generate an impervious surface map. Impervious surfaces have a significant influence on
storm water runoff volume and quality because these areas rapidly shed water and do not allow for
infiltration and associated pollutant attenuation. MLPA volunteers conducted field investigations of
developed portions of the watershed to confirm and refine the accuracy of remote sensing imagery
obtained by Geosyntec. Field investigations can typically provide more accurate mapping of
impervious surfaces than remote sensing due to overhanging tree canopy, changes in land use not
shown on the remote sensing images, etc. The location of impervious surfaces is shown in Figure 9 and
these surfaces were used to calculate the |, values presented in Table 1.

Event Mean Concentrations (EMCs) are estimates of volume-weighted average concentrations of a
pollutant in stormwater runoff. EMCs for each of the land uses in Mirror Lake Watershed are
presented in Table 1. The values presented are averages of a range of EMCs that were collected



from published literature and other technical documents. The phosphorus (P) load is calculated as
follows:

_ R-EMC

~ 16018.5

Where:

L is the P load (Ibs);
R is the runoff volume (ft3/yr); and

EMCis the event mean concentration (mg/L).
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Table 1. Land Use Pollutant Model Parameters and Results

Annual Rainfall, inches (Pann) 43.05
Fraction of rainfall that produces runoff (P;) 0.9
LAND USE AREA (ac) la R (ft3/yr) EMC (mg/L) L (Ibs)
Forest 997.4 0.3% 7,428,065 0.12 54.9
Open 58.1 1.8% 541,036 0.11 3.6
Pasture 36.6 0.1% 262,918 0.31 5.1
Recreation 11.6 15.3% 307,047 0.1 2.0
Residential 241.4 8.4% 4,265,028 0.27 72.1
. Road 35.4 54.2% 2,675,288 0.14 23.4
WWTF Spray Field 22.7 0.3% 169,196 0.17 1.8
Water 3427 0.0% 2,410,221 0.00 0.0
Wetland 34.8 0.0% 245,053 0.11 1.7
TOTAL 1780.8 - 18,303,851 - 164.6

3.2 Phosphorus Loading From Septic Systems

Geosyntec, in cooperation with MLPA volunteers, conducted an assessment to estimate phosphorus
loads from on-site sanitary systems located within three tiers of parcels around the perimeter of
Mirror Lake and its tributary. The first tier of parcels have water frontage, the second tier is
separated from the water by another parcel, and the third tier is separated from the water by two
parcels. On-site sanitary systems considered in the analysis included septic tanks with leaching fields,
septic tanks with chambers, cesspools, holding tanks, chemical toilets, etc. MLPA volunteers collected
data relevant to the watershed’s septic systems, such as system volume, installation date, number of
bedrooms, number of residents, etc. Approximately 90% of all homes included in the three tiers
responded to the survey. The inventory results enabled a detailed estimation of the phosphorus load
from septic systems within the Mirror Lake watershed; a quantity that is typically difficult to accurately
estimate. The results of the septic system inventory data collection is presented in Appendix A.

Geosyntec calculated an annual phosphorus load from septic systems of 23 Ib/yr, which equals an
average annual load of 0.24 |b/year from each of the 96 homes within the three tiers of parcels
This estimate was calculated using the following formula:

h
S=) BimiQcmy-By-0
i=0

Where:

S'is the total P load from septic systems (Ibs);
h is the total number of homes considered in the inventory;
B; is the number of bedrooms served by the system;

n; is the average number of persons per bedroom (0.905, determined from a subset of 71 homes
that had information on both the number of bedrooms and the number of residents in the home);

Qc is the per-capita daily water use (69.3 gal/person/day, from the USEPA Onsite Wastewater
Treatment Systems Manual);
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m,; is the number of months that the home is occupied;

P, is the concentration of phosphorus in wastewater (10 mg/L, from the USEPA Onsite
Wastewater Treatment Systems Manual);

0 is the fraction of phosphorus removal attributed to the septic system and leach field (0.94).

3.3 Internal Phosphorus Loading

Internal recycling of phosphorus can be a significant source of overall phosphorus load to a pond.
Lake sediments contain phosphorus that is bound to the sediment particles. During periods of anoxia
(oxygen concentration < 1 mg/l), phosphorus can be released into the water from lake sediments in
soluble form, making it biologically available to fuel increased algal productivity.

In 2010, NHDES conducted an intensive study of phosphorus concentrations within Mirror Lake to
estimate the current rate of internal loading. Based on this study, NHDES estimated an internal P load
of 54.4 Ib P/yr. A copy of the study, “Mirror Lake, Tuftonboro, New Hampshire, Internal Phosphorus
Loading and Cyanobacteria Response,” is included as Appendix B of this report.

3.4 Atmospheric Deposition

Atmospheric deposition of phosphorus is an estimate of the load of phosphorus delivered through wet
or “dryfall” precipitation depositing phosphorus-containing particles directly on the surface of Mirror
Lake. Deposition rates were determined from published literature (Reckhow, 1980). The annual
atmospheric deposition load was calculated assuming a deposition rate of 0.24 Ib P/ac/yr, for a
total atmospheric load of 77.7 Ib P/yr.

3.5 Wolfeboro Wastewater Treatment Plant Spray Fields

As shown in Figure 8, approximately 22 acres of the Town of Wolfeboro Wastewater Treatment
Plant (WWTP) Effluent Spray Fields exist within the Mirror Lake watershed. The spray field began
operation in 1978 for the purpose of disposing wastewater treatment plant effluent. In 2005, NHDES
issued an administrative order for WWTP violation of surface water quality standards. In 2009,
Wolfeboro moved its effluent disposal to a series of rapid infiltration basins located outside of the
Mirror Lake watershed. However, in 2010, the WWTP was re-permitted to allow limited spraying
provided that the pipes and sprinkler heads were removed from the portions of the facility located in
the Mirror Lake watershed. The effluent spray fields present a unique source of phosphorus to Mirror
Lake, both from (1) nutrient-rich soil and sediment which can migrate to the lake via stormwater runoff
and (2) the migration of nutrient-rich groundwater to tributaries and onward to the lake.

Phosphorus loading due to stormwater runoff from the spray fields was calculated using a method
similar to the one described in Section 3.1. In the 2005 Administrative Order issued by NHDES to the
Town of Wolfeboro, NHDES presented measurements of stormwater runoff from the spray fields which
exhibited an average concentration of 0.17 mg P/L. As discussed in Section 3.1, this leads to an
estimated 1.8 Ib P/yr from stormwater runoff from the spray fields. Due to soil phosphorus
adsorption in the spray field areq, it was conservatively assumed that the estimated phosphorus load
from stormwater runoff was the same for both the period of active spray field operation and current
conditions (no spraying in Mirror Lake watershed).
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The potential maximum phosphorus load entering groundwater from the spray field (during the period
of spray field operation only) was calculated using the following formula:

G = [(Asp Dep Csp) - Lsp](l - 0)

Where:

G is the P load entering the groundwater (lbs);

Agp is the area of spray field within the watershed (acres);

Dy, is the depth of water sprayed per year (inches);

Csp is the concentration of phosphorus in the effluent (mg/L);

Ly, is the P load removed via runoff (lbs);

0 is the soil adsorption factor (a similar value to that used in the septic system loading calculation).
Based on records obtained from the WWTP, Geosyntec determined that approximately 51.5 inches
of water were typically sprayed per spraying season (May-October). Also, NHDES data presented

in the 2005 Administrative Order indicate an average effluent concentration of 1.78 mg P/L. This
leads to an estimated annual P load from spray field groundwater of:

43,560 ft? ([ 1ft 11b 2832 1L
G = [((22.7 acre) <7) (51.5in) (m) (1.78 %) (453592.4 mg) ( L fe? ))

- 1.8lb] (1-0.95)=23510b

This estimated load should provide a reasonable prediction of P concentrations observed at two
sampling locations along the primary tributary from the WWTF to Mirror Lake; (1) at the outlet of
Abenaki Pond, and (2) at the culverted inlet to Mirror Lake under Lang Pond Road. The table below
summarizes a rough hydrologic and nutrient budget for these two locations, assuming that phosphorus
is contributed by stormwater runoff from the spray fields, phosphorus rich groundwater from the spray
fields, and stormwater runoff from the other portions of the watershed. Groundwater from other
portions of the watershed is assumed to have negligible influence on the calculation. The methods
used for calculating the hydrologic budget are discussed in Section 4.
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A sample calculation, for the Mirror Lake Inlet sampling location, is as follows:

Ci:

86.81b +23.51b (453,592.4 mg) ( 1m3 ) mg

11b Tooor) = V22

3 3
2,078,816 % + 165,819 7%
yr yr

The in-stream concentrations estimated by the model match closely with the observed concentrations,
indicating that that the estimates of the P contribution from the spray field are not greatly over- or
underestimated.

Additional monitoring, including groundwater phosphorus monitoring in the vicinity of the spray field,

could aid in determining a more precise estimate of the contribution that elevated groundwater
phosphorus concentrations may have on the current and future phosphorus budget of Mirror Lake.
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3.6 Future Conditions Analysis

This section provides an analysis of estimated future land-use conditions in the Mirror Lake Watershed
(MLW).  Geosyntec’s future conditions model estimates land-use changes based on year 2030
population projections from the Lakes Region Planning Commission (LRPC), as shown in the table

below.

TOWN 20]0. 2030. % Increase
Population Population
Tuftonboro 2490 3060 22.9%
Wolfeboro 6980 8710 24.8%

Based on available spatial data (tax maps, aerial images, etc), the total number of homes within the
MLW was estimated for each town (H). The total number of homes was then multiplied by an
average of 2.32 persons per household (Ny) to determine the population within the MLW. Finally, it
was assumed that the portion of the town within the MLW would experience growth proportional to
the rest of the town, and the current watershed population was multiplied by the projected town-wide
population increase. (Note: The projected % population increases listed above are expressed as fractions
(P;) in the formulas below.)

For Tuftonboro, an increase in population was estimated as follows:

persons

H- Ny - P, = (80 homes) (2.32 ) (0.229) = 43

home
Similarly, for Wolfeboro, an increase in population was estimated as follows:

persons

H-N, - P, = (100 homes) (2.32 -

)(0.248) — 58

These population increases translate to approximately 19 and 25 additional homes for Tuftonboro
and Wolfeboro, respectively.

The additional number of homes was next multiplied by a minimum lot size to determine the additional
residential land use that would be introduced in the MLW, as follows:

e For Tuftonboro, it was assumed that the projected development would include full build-out of
the remaining developable parcels along the lake’s northern undeveloped shoreline
(“Lakefront” zone minimum lot size = 1 acre).

e In Wolfeboro, the watershed includes three zoning classifications; Residential, General
Residential, and Rural Residential. The minimum lot size of each zone was weighted by its
proportion of the watershed to determine a weighted minimum lot size of 1.8 acres.

The number of homes was multiplied by the lot size to determine an increase in residential land of
19.0 and 46.3 acres for Tuftonboro and Wolfeboro, respectively.

The existing ratio of “road” land use to “residential” land use was used to project a future addition of
2.3 and 7.9 acres of road for Tuftonboro and Wolfeboro, respectively.

The total area increases in residential and road land uses were subtracted from “developable” land
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such as forest, pasture and open space. Overall, the adjustment of land uses resulted in an estimated
additional 21.3 Ib P/yr, as calculated using the method described in Section 3.1.

Because development in Tuftonboro was assumed to occur along the lake shore, an additional
phosphorus load from these homes’ septic systems will be contributed to Mirror Lake. In the septic
system inventory (see Section 3.2), it was estimated that an average home contributes approximately
0.24 Ib P/yr. A total of 19 homes along the lakefront would contribute an additional 4.3 Ib P/yr to
the Mirror Lake phosphorus budget.

3.7 Summary of the Mirror Lake Phosphorus Loading Budget

To estimate the current annual phosphorus loading budget for Mirror Lake, Geosyntec has combined
the phosphorus load from internal loading, septic systems, atmospheric sources, and watershed
loading estimates derived from the land use pollutant loading model. Because the available data is
insufficient to determine the precise phosphorus load from the Wolfeboro Wastewater Treatment
Plant, Geosyntec has presented a range of WWTP loads when investigating hypothetical loading
scenarios in Section 5.4 of this report. For the purposes of estimating a current phosphorus budget, we
have assumed that soil and sediment particles with elevated phosphorus may still be migrating toward
Mirror Lake via stormwater runoff, as discussed in Section 3.5. In the absence of confirmatory data,
we have assumed that a groundwater component from the WWTP is not included in the current
phosphorus budget.

The estimated annual phosphorus budget of 320 Ib/year is summarized below and presented in
Figure 10. The estimated loads from this phosphorus budget are used in the water quality models
presented in Section 5.

o The phosphorus load resulting from runoff from the varying land uses in the Mirror Lake
Watershed accounts for 52% (165 Ib/yr) of the annual phosphorus load to the lake.

® Phosphorus loading from septic systems is estimated to account for 7% (23 lb/yr) of the
annual phosphorus load.

e Atmospheric deposition, including wet and dry deposition, is estimated to account for 24% (78
Ib/yr) of the annual phosphorus load.

¢ Internal loading accounts for an estimated 17% (54 Ib/yr) of the annual phosphorus load.

e Residual runoff from the WWTP accounts for only 0.6% (1.8 Ib/yr) of the current annual

phosphorus load. However, during full operation, the WWTF is estimated to have contributed
7.1% (24 |b/yr) of the total load.

e Compared to current conditions, new development projected for the year 2030 is estimated
to increase the annual phosphorus load by 8.3% (26.4 Ib/yr).
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Figure 10. Current (2011) Mirror Lake Phosphorus Budget.



4. MIRROR LAKE HYDROLOGIC BUDGET

A hydrologic budget is an accounting of the inflow to, outflow from, and storage within a hydrologic
unit, such as a lake watershed. Many methods are typically available for estimating an annual
hydrologic budget for a lake watershed. Ideally, the optimal method involves direct measurement,
i.e. installation of stream and precipitation gages to construct a full annual water budget. When time
or budget prevents the use of direct measurement, other methods can be used. Geosyntec has
performed two separate calculations of an annual water budget, presented below. The results of the
hydrologic budget indicate that Mirror Lake has an annual discharge (Q) of approximately
3,955,000 m3/yr which equates to a hydraulic overflow rate of 3.04 m/yr, and the time required for
complete flushing (hydraulic residence time) is 1.4 years. The hydrologic budget provides information
that is required for the phosphorus concentration modeling presented in Section 5.

The hydrologic budget is calculated as:

Q:Qw+Qd_Qe:Qw+(P'As)_(p'Epan'As)

Where Q is the annual discharge from the lake, Q. is the annual discharge entering the lake from the
watershed, Qg is the water resulting from direct precipitation to the lake, and Q. is the amount of
water removed from the lake via evaporation, P is the annual precipitation, A; is the lake surface
ared, Epan is the pan evaporation rate (32 in/yr for New Hampshire), and p is the pan evaporation
coefficient necessary to adjust pan evaporation to lake evaporation (0.75 for New Hampshire
region).

Qq is calculated as follows:

ft3 3

1ft m
! =50.27-10° — = 1.424-10° —
yr yr

Qu=P:A;= (43.05 i—") (—) (321.8 ac)

43,560 ft?
yr/\12in ac

Qe is calculated as follows:

iny/1ft 43,560 ft? ft3

= p-Eygn A = (0.75 (32 —)(—) 321.8 ————— ] =28.03-10° —

Qe P pan s ( ) yr 12 in ( ac) ac yr
m3

=7.94-10°
yr

Watershed discharge was calculated using two separate methods. The first method involved using a
map of annual runoff amounts prepared by USGS (Randall, 1996). This method is the same as that
used by New Hampshire DES in their Lake Trophic Reports and discussed in the “Sources of
Information and Explanatory Data.” For the Mirror Lake region, the Randall mean annual runoff
value is approximately 21.5 inches, resulting in:

Qu = (21.5 ;—Z) (%) (1459 ac) (%)

£3 m3
=113.89-10° f— =3.23-10° —
yr yr

The second method incorporated stream gaging results from 94 New England stream gages (a total

of 942 water-years) to develop a discharge-area relationship (Figure 11). Linear regression of these
data resulted in:
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log[Q4,] = 0.9096 - log[A,,] — 2.2943

Where Quq is an average daily discharge in f13/s and A, is the watershed area in acres. For Mirror
Lake,

3
Qda — 10[0.9096-10g[1459]—2.294-3] = 3.83 fi

107 sec ft3 m3
=120.95-10° y_r =3.42-10° —

Qu = Qua -(3.17 - o

Geosyntec used an average of the two methods to determine an estimate of Q,, of 3.325:10¢ m3/yr.

The total discharge, Q, is estimated to be

m3 m3
Q=0Q,+0Q;—0Q,= (3325+1.424 - 0.794) - 100 F = 3.955 - 10° F

The Mirror Lake hydrologic budget indicates that Mirror Lake has an estimated annual discharge of
3,955,000 m3/yr. The hydrologic budget provides information that is critical for development of the
phosphorus concentration modeling presented in Section 5.
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Figure 11. Area-Discharge Relationship for New England USGS Stream Gages (<3000 acres).
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5. MIRROR LAKE PHOSPHORUS CONCENTRATION MODELING
5.1 Vollenweider Model

The Vollenweider model is commonly used to predict in-lake phosphorus concentrations as a function
of annual external phosphorus loading, mean lake depth and hydraulic residence time (time required
for entire lake volume to be “flushed” or replaced with new water inputs). Phosphorus concentrations
predicted by the Vollenweider equation are based on an assumption that the lake is uniformly mixed,
such as at spring turnover. The Vollenweider model is based on a five-year study of about 200
waterbodies in Europe, North America, Japan and Australia.

The Vollenweider Equation is provided below, with calculations for Mirror Lake based on the
phosphorus loading estimate discussed in Section 3, including phosphorus from stormwater runoff,
septic systems, and aerial deposition. Internal loading is not included in the Vollenweider phosphorus
load because the model is an empirical relationship between in-lake phosphorus concentration and
external load only. For this calculation, Geosyntec estimates annual external phosphorus loading to
Mirror Lake to be 265.4 Ib P/yr (120 kg P/yr).

Vollenweider Equation:

L

" @+ ym))

where:
P, = mean in-lake phosphorus concentration (mg/L) estimated by Vollenweider equation;
Ly

Ty = hydraulic residence time (yr);

annual phosphorus load/lake area, (grams/m2/year);

qs = hydraulic overflow rate=mean depth /hydraulic residence time (m/yr)= z/7,,,

Z = average depth (m)
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Hydraulic residence time reflects the results of the water budget that Geosyntec calculated for the
Mirror Lake Watershed.

T, =Q/V
where:
Q = annual discharge passing through the lake (m3/yr);

V' = lake volume (m3)

Annual discharge, Q, was calculated as discussed in Section 4 of this report. Volume, V, was
estimated based on a bathymetry map prepared by NHDES in 2010 (see Appendix B). Table 2
below summarizes the parameters used in the Vollenweider calculation.

The Vollenweider equation contains an implicit assumption that particulate phosphorus becomes
sequestered in lake sediment via settling to the lake bottom. The formula makes the assumption that
settling velocity can be approximated as:

v:qsm

Typical measured values of settling velocity range from 5 to 20 m/yr (Chapra 1975). For Mirror
Lake (9s=3.04 m/yr, Tv=1.41 yr),

V=(5/Ty = 3.04% X /141 yr =3.61m/yr

or 3.61 m/yr (lower than the typical range). Using a low settling velocity value could lead to an
erroneously high modeled in-lake P concentration. To provide a better representation of conditions
specific to Mirror Lake, Geosyntec used an additional modeling approach (Nirnberg Model),
discussed in Section 5.2 of this report.

Table 2: Vollenweider model parameters

VOLLENWEIDER MODEL PARAMETERS
W  Total P Loading Rate 120 kg/yr
V  Volume 5,573,700 m3
z Average Lake Depth 4.28 m
Q Annual Discharge 3,950,380 m3/yr
As Lake Area 1,301,900 m2
L  Areal Loading Rate 92.3 mg,/m?2
gs Hydraulic Overflow Rate (m/yr) 3.04 m/yr
Tw Hydraulic Residence Time (yr) 1.41 yr

92.3

L
qs(1+i/ﬁ)) = 3.04(14v1a1)

In-lake P concentration = ( =139 pg/L
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Based on the estimated annual external phosphorus load of 265.4 Ib/yr (120 kg/yr), the
Vollenweider equation predicts an in-lake phosphorus concentration of 13.9 Ug/L.

NHDES measurements of 2010 in-lake phosphorus concentrations suggest an average annual
phosphorus concentration of 10.4 Ug/L. The Vollenweider equation appears to overestimate the in-
lake phosphorus concentration, most likely because the implicit assumption about settling velocity
(noted above) is not applicable to a lake such as Mirror Lake. The Vollenweider model, including the
settling velocity assumption, was developed based on a set of empirical data, within which much
variation existed. While the assumptions may hold true over a large set of lakes, its predictive power
for any individual lake may be limited. Additionally, the model only predicts one annual
concentration, despite the fact that concentrations can vary seasonally. Because of these limitations,
Geosyntec utilized a second modeling approach known as the Nirnberg Model.

5.2 Nirnberg Model

Nirnberg’s model utilizes a parameter, R, which describes the fraction of sediment retained by the
lake each year. This fraction is then applied to different subsets of the annual P load to determine an
in-lake phosphorus concentration at various times of the year. Nirnberg estimates the value of R to
be:

R = 15
- 18+ q,

For Mirror Lake, the estimate of R is:

15

R:—18+3.04=0'713

The Noirnberg model uses the following three equations to calculate an annual average P
concentration (pann), @ summer epilimnion P concentration (pepi), and a fall P concentration (psai):

L t Lint
Pann = [(exq;)] (1 - R)

(Lm)] aor)

Pepi = [ q

Lint

(Lexo] o+

Prau < [ p

N

The three equations describe a situation where the retention factor, R, is applied to different
combinations of internal and external P load to represent in-lake conditions during various seasons of
interest. For an annual average, the retention factor is applied to the complete annual load, as the
internal load will be able to mix throughout the year and be available for uptake, settling, and
flushing. The retention factor is applied to the external load only to obtain a summer epilimnion
concentration, when any internal P loading is sequestered in the hypolimnion during stratification and
is not available for uptake, settling, and flushing. Finally, the internal load is added to the epilimnion
concentration and only subjected to flushing (by being divided by q., the hydraulic overflow rate) to
represent the relatively rapid mixing of the pulse of soluble phosphorus from the hypolimnion into the
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epilimnion during fall turnover (Nirnberg states that this third equation will tend to overestimate
actual fall epilimnion concentrations).

The Nirnberg model parameters and results for current (2010) conditions are provided below:

Table 3. Nirnberg Model Parameters

NURNBERG MODEL PARAMETERS

Wext External P Loading Rate 120 kg/yr

Wit Internal P Loading Rate 21.6 kg/yr

Y, Volume 5,573,700 m3

Q  Annual Discharge 3,950,380 m3/yr

As Lake Area 1,301,900 m?2

Lext External Areal Loading Rate 92.3 mg,/m?

Lint Internal Areal Loading Rate 19.0 mg,/m?2

R Retention Factor 0.713

ds Hydraulic Overflow Rate (m/yr) 3.04 m/yr
Pann = [M] (1-R) = [w] (1-0.713) = 10.5 pug/L

qs 3.04
Pepi = %] 1-R) = [%] (1-0.713) = 8.7 ug/L

Pran < (L;:“) (1-R)+ % = [%] (1-0.713) + % =15.0 ug/L

Figure 12 shows the above model results plotted against 2010 epilimnion (3m deep) phosphorus
concentrations measured by NHDES. The Nirnberg results match well with the annual and summer
observed averages, and as Nirnberg, the psai model result overestimates the actual observed fall
average.
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Figure 12. Nirnberg model results vs. observed epilimnion data for year 2010.

53 Monte Carlo Simulation

A Monte Carlo Simulation is a technique in which a deterministic model, such as the Vollenweider
model or Nirnberg model discussed above, is repeatedly re-calculated using unique sets of randomly
selected input variables. The resulting distribution of results can be used to assign likelihoods and
uncertainties to model results.

A Monte Carlo simulation was performed for the Vollenweider and Nirnberg models of Mirror Lake
phosphorus concentrations. Table 4 describes the various model input parameters that were randomly
adjusted, and the distribution that was used to select the values of those parameters.

The selection of parameters adjusted in the simulation effect almost all aspects of the phosphorus
dynamics. Not only are external phosphorus loads varied by adjusting phosphorus EMC values, aerial
deposition rates, and septic system loading factors, but physical flushing is also affected by
adjustment of precipitation values, thereby varying the hydrologic budget for the lake.
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Table 4. Monte Carlo Simulation Input Parameters

Adamus and Bergman
Philadelphia Water Department
NHDES Consent Order to Wolfeboro WWTP

Input Parameter Distribotia Unit Mean Smrldo."d Min. | Max. Source
n Type Deviation

Precipitation Normal inches 43.05 5.84 - 1
Aerial Deposition Rate Normal Ib/ac/yr | 0.24 0.11 - - 2
EMC - Forest Normal mg/L 0.12 0.02 0 = 3,4,8
EMC - Open Normal mg/L 0.11 0.06 0 - 3,6,7,8
EMC — Pasture Normal mg/L 0.31 0.12 0 - 3,4,6,7,8
EMC — Recreation Normal mg/L 0.11 0.06 0 - 3,6,7,8
EMC — Residential Normal mg/L 0.27 0.09 0 - 3,5,6,7,8
EMC - Road Normal mg/L 0.14 - - - 3
EMC — Spray Field Normal mg/L 0.17 0.08 0 - 9
EMC — Wetland Normal mg/L 0.11 0.07 0 - 3,6,8
Per Capita Water Use | Lognormal | gal/day 69.3 39.6 - = 10
Concentration of P in
Wastewater Normal mg/L 10 1 - - 10,11,12
P Reduction Factor for |\ mal - 0.94 0.033 - 1 13,1415
Septic Systems
Buildout: Land Use Uniform Ib/yr 10.65 - 0 21.3 -
Buildout: Septic Load Uniform Ib/yr 2.28 - 0 4.56 -

Source:

1. National Climate Data Center

2. Reckhow (1975)

3. NHDES Stormwater Manual

4. STEP-L Model

5. NSWQ Database

6. Lin 2004

7.

8.

9.

10. EPA Onsite Wastewater Treatment Systems Manual
11.  Gillom and Patmont, 1983

12.  Barnstable County Health Department

13. Sikora et. al. 1976

14. Kerfoot and Skinner

15.  Jones and Lee

Figure 13 below displays the results of the current-conditions Monte Carlo Simulation. The simulation
was run for 1000 iterations, and results were tabulated for the Vollenweider model P concentration
and the Nirnberg Pann, Pepi, and Psai concentrations. The boxes of the box/whisker plots shown below
represent the range which included 50% of the model iterations. The whiskers represent the range
into which 80% of the model iterations fell. The Monte Carlo simulation results indicate that 50% of
the possible modeled summer epilimnion concentrations (Peyi) fell within the range of 7.7 to 9.8 ug P/L.
Half of the modeled annual average P concentrations (Pann) fell within a range of 9.3 to 11.4 ug P/L.
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Figure 13. Box/whisker plots representing
Monte-Carlo results for current conditions as estimated Figure 14. Nirnberg pepi Monte-Carlo results scatter-
by the Vollenweider and Nurnberg models. plot and linear regression

The results of the Monte Carlo current-conditions simulation can also be used to form a relationship
between external load and in-lake concentration. A linear regression was performed on the
Nirnberg P.pi Monte Carlo simulation results. As shown in Figure 14, the linear regression suggests
that every increase or decrease of 30.4 Ib P/yr of the external P load will result in a corresponding
increase or decrease of 1 ug P/L in the summer epilimnion concentration.

The Monte-Carlo analysis was also run for year 2030 buildout conditions (as described in Section
3.6). In this case, the additional external load from potential buildout was also varied along with the
other model parameters. Figure 15 below shows box/whisker plots comparing the results of the
current and buildout Monte-Carlo results. The results predict that, according to Vollenweider, in-lake
concentrations at 2030 buildout will most likely increase by 0.9 Ug/L, and according to Nisrnberg, will
most likely increase by 0.6 Ug/L. While 50% of the modeled external loads during current conditions
fell between 231 and 301 Ib/yr, 50% of the modeled external loads for the 2030 buildout fell
between 245 and 317 Ib/yr.
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Figure 15. Current conditions and year 2030 buildout conditions box /whisker plots for the Vollenweider and
Nirnberg models.

54 Nirnberg Modeling Scenarios and Water Quality Goal

Sections 7.1 - 7.3 provide a detailed discussion of the modeling approach used to estimate current
phosphorus loads and in-lake concentrations, as well as potential future phosphorus loads. Geosyntec
also used the Nirnberg model to analyze several loading scenarios in order to provide a framework
for understanding the range of possible in-lake concentrations, and to aid in the selection of the
MLPA’s water quality goal. The scenarios analyzed include pre-development forested conditions with
a variety of internal loads, as well as current conditions with a range of phosphorus loads deriving
from the WWTP spray fields. Table 5 below summarizes the results of the various scenarios, with
additional information (i.e. phosphorus load charts) for each model scenario provided on the pages
that follow.

Geosyntec worked in cooperation with the MLPA water quality advisory committee and NHDES staff
to analyze existing data and the modeling scenarios presented below for the purpose of establishing
a water quality goal for Mirror Lake. This process has included:

e Gathering and review of water quality data from NHDES and the UNH-VLAP programs,
including meetings, phone discussions and sharing of information via mail and email;

e Public meetings held at the Tuftonboro Old Town House on 6/26/2010 and 10/16/2010
to discuss data trends and analysis with regard to historic and current lake phosphorus
concentrations; and

e A teleconference including the MLPA water quality advisory committee, Geosyntec staff,
and NHDES staff on 2/11/201 1discuss the modeling scenarios and reach consensus on a
water quality goal for in-lake phosphorus.

Based on the 2/11/2011 teleconference and preceding discussions described above, the MLPA has

adopted a water quality goal of a summer epilimnion P concentration of 8.5 Ug/L. P concentrations
below 10 Ug/L are considered low enough to preclude summer cyanobacteria blooms in most lakes.
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Table 5: Nirnberg Model Results

Phosphorus Budget

(Ib/yr) Predicted Total Phosphorus (Hg/L )
Annual whole STJE'nmer. Fall epilimnetic
. . External Internal epilimnetic .
Scenario Assumptions lake mean maximum
Load Load (p-ann) mean (p-epi_fall)
P (p-epi_summer) p-epl
Example 1: e External P load based on current conditions.
. 265.4 54.4 10.53 8.74 14.99
Current Conditions o Internal P load based on current conditions.
Example 2a: ® External P load based on current land use conditions plus an estimated avg.
Full Effluent Spray additional load from full effluent spray field operation. 287.7 54.4 11.27 9.48 15.72
Field Operation ® Internal P load based on current conditions.
Example 2b: e External P load assumes residual effects of spray fields have been eliminated
Spray Field Effects (area converted to forest). 264.8 54.4 10.52 8.72 14.97
Eliminated o Internal P load based on current conditions.
Example 3:
Undeveloped
naeve ope e External P load assumes all watershed land uses are forest or wetland. 156.7 54.4 6.95 5.16 11.41
Watershed; Current
Internal Load e Internal P load based on current conditions.
Example 4:
Undeveloped e External P load assumes all watershed land uses are forest or wetland. 156.7 27.2 6.06 5.16 8.28
Watershed; e Internal P load load reduced by 50%
50% Internal Load nternal P load assumes current load reduced by o
Example 5:
Undeveloped e External P I?od assumes a.|| watershed land uses are forest or wetland. 156.7 0 516 516 516
Woatershed, No e Assumes no internal P loading.
Internal Load
Example 6: e External P load assumes (1) effects of spray fields have been eliminated and
10% Reduction from (2) 10% reduction in residential, road and septic load due to BMPs. 253.0 54.4 10.13 8.34 14.58
BMPs o Internal P load based on current conditions.
e External P load assumes (1) land use and septic system changes discussed in
Example 7: “Future Conditions Analysis” section and (2) residual effects of spray fields
Future Conditions o Y pray 291.8 54.4 11.39 9.59 15.84
have been eliminated.
(year 2030)
e Internal P load based on current conditions.
Range: Range: Range:
5.16-11.39 5.16 - 9.59 516 -15.72
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Table 5 Notes:

39

Mirror Lake is categorized by NHDES as a mesotrophic lake. The NHDES total phosphorus (TP) criteria
for mesotrophic lakes is 8 - 12 Ug/L (based on “summer” epilimnetic median for the period of May
24 — Sept. 15).

Mirror Lake’s 2010 summer (May 24-Sept. 15) epilimnetic median was 9.25 pg/L , based on NHDES
data. The 2010 fall epilimnetic (non-stratified, Oct. 10) concentration was 13.6 Ug/L . The 2010 mean
spring whole lake (non-stratified, April 10) concentration was 10.35 ug/L .

The median summer TP concentration for “unimpaired” NH lakes is 9.0 Ug/L , based on an assessment
of 233 lakes (NHDES, 2009). This assessment included all impairments that would trigger inclusion on
the Section 303(d) Impaired Waters list, including primary contact recreation impairment due to
cyanobacteria. 80% of all unimpaired lakes had median summer TP levels below 11.5 ug/L.

Cyanobacteria and toxins produced by bacteria (e.g. microcystins) have been found to be ubiquitous
in New Hampshire lakes of all types and trophic classes. In a study of over 50 New Hampshire lakes
(Haney and lkawa (2001), all of the lakes had detectable quantities of microcystins. The lakes
investigated were distributed throughout New Hampshire, including the southern, coastal plain, western
rural, White Mountains lakes region and the Northern Forest regions. The study lakes represented a
wide range of sizes, depth and trophic conditions, from ultra-oligotrophic to eutrophic lakes.

Dr. James Haney at the University of New Hampshire have developed the “Tens Rule”, which suggests
that lakes should avoid total phosphorus concentrations above 10 Hg/L since it appears that
eutrophication rates and toxicity of phytoplankton increase markedly at this level (Haney, 2010). The
“Tens Rule” is based on Haney’s ongoing research, and publications on the topic: Sasner (date not
specified), Haney and lkawa (2000), EPA (2000), and Haney and lkawa (2001). Data presented in
these publications indicate that the microcystin concentration in lake phytoplankton, which is a measure
of toxicity, increases sharply at mean summer epilimnetic TP concentration of 9.5 ug/L.

The Maine Department of Environmental Protection set a limit of 15 Ug/L total phosphorus in lakes in
its Description of Nutrient Criteria for Fresh Surface Waters (Chapter 583) (2009). This threshold
concentration is “based on the prevention of nuisance algal blooms” and is derived from an empirical
analysis of a state-wide limnological database.

In 2009, the Wisconsin Department of Natural Resources published a guide that covers physical and
chemical compositions of different trophic classes of lakes. This guide states that “a concentration of
total phosphorus below 20 Pg/L for lakes, and 30 pg/L for impoundments, should be maintained to
prevent nuisance algal blooms.”

In 2010, the International Joint Commission published the Beneficial Use Impairment Delisting Targets —
Savern Sound, Ontario, which set a TP goal stating “a total phosphorus concentration that limits the
growth of algae should be no more than 10-20 ug/L .



EXAMPLE #1:

Assumptions:

1. External P load (265.4 Ib/yr) based on
current conditions.

2. Internal P load (54.4 Ib/yr) based on
current conditions.

40

Sources: Ib/yr
Forest 54.9
Open Land 3.6
Pasture 51
Recreation 2.0
Residential 72.1
23.4
1.8
1.7 Niirnberg Model Results
23.0 p-ann 10.53 ug/L
77.7 p-epi (summer) 8.74 ug/L
54.4 p-fall 14.99 ug/L

Souce Type, Ibs P, % of load

Internal Load, 54.4, Forest, 54.9, 17.16%
17.01% Open Land, 3.6,

1.12%

Pasture, 5.1, 1.61%

Recreation, 2.0,
0.64%

Aerial, 77.7, 24.31% Residential, 72.1,
22.55%

Septic Systems, Road, 23.4,7.31%
23.0, 7.19% Special (spray field),
Wetland, 1.7, 0.53% 1.8, 0.56%
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EXAMPLE #2a:

Assumptions:

1. External P load (287.7 Ib/yr) based on
estimated average during full effluent
spray field operation.

2. Internal P load (54.4 Ib/yr) based on
current conditions.

41

Sources: Ib/yr
Forest 54.9
Open Land 3.6
Pasture 51
Recreation 2.0
Residential 72.1
23.4
24.1
1.7 Nirnberg Model Results
23.0 p-ann 11.27 ug/L
77.7 p-epi (summer) 9.48 ug/L
54.4 p-fall 15.72 ug/L

Souce Type, Ibs P, % of load
Forest, 54.9,

Internal Load, 54.4, 16'04%Open Land, 3.6,

15.90%

1.05%

Pasture, 5.1, 1.50%

Recreation, 2.0,
0.60%

Residential, 72.1,
21.08%

Aerial, 77.7, 22.73%

Septic Systems,
23.0,6.72%
Wetland, 1.7, 0.50%

Road, 23.4, 6.84%

Special (spray field),
24.1, 7.05%
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EXAMPLE #2b: Sources: Ib/yr
Forest 56.1
Open Land 3.6
Pasture 51
Recreation 2.0
Residential 72.1
234
0.0
1.7 Nirnberg Model Results

23.0 p-ann 10.52 ug/L

77.7 p-epi (summer) 8.72 ug/L

54.4 p-fall 14.97 ug/L

Assumptions: Souce Type, lbs P, % of load

1. External P load (264.8 lb/yr) assumes all

residual effects of spray fields have been Internal Load, 54.4, Forest, 56.1, 17.58%

eliminated (area converted to forest). 17.04% Open Land, 3.6,
1.12%

2. Internal P load (54.4 Ib/yr) based on current

conditions.
Pasture, 5.1, 1.61%

Recreation, 2.0,
0.64%

Residential, 72.1,
22.59%

Aerial, 77.7, 24.36%

Septic Systems, Road, 23.4, 7.32%

23.0, 7.20%
Wetland, 1.7, 0.53%
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EXAMPLE #3: Sources: Ib/yr
Forest 77.2
Open Land 0.0
Pasture 0.0
Recreation 0.0
Residential 0.0
0.0
0.0
1.7 Nirnberg Model Results
0.0 p-ann 6.95 ug/L
77.7 p-epi (summer) 5.16 ug/L
54.4 p-fall 11.41 ug/L

Assumptions:

1. External P load (156.6 lb/yr) assumes
all watershed land uses are either forest
or wetland.

Souce Type, Ibs P, % of load

Internal Load, 54.4,
2. Internal P load (54.4 Ib/yr) based on 25.78% Forest, 77.2,
current conditions. 36.58%

Wetland, 1.7,
Aerial, 77.7, 0.81%

36.84%
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EXAMPLE #4:

Assumptions:

1. External P load (156.6 Ib/yr) assumes
all watershed land uses are either forest
or wetland.

2. Internal P load (27.2 Ib/yr) assumes
current load reduced by 50%.

44

Sources: Ib/yr
Forest 77.2
Open Land 0.0
Pasture 0.0
Recreation 0.0
Residential 0.0
0.0
0.0
1.7 Niirnberg Model Results
0.0 p-ann 6.06 ug/L
77.7 p-epi (summer) 5.16 ug/L
27.2 p-fall 8.28 ug/L

Souce Type, Ibs P, % of load

Internal Load,
27.2,14.79%

Aerial, 77.7,
42.29%

Forest, 77.2,
41.99%

\Wetland, 1.7,

0.93%
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Nirnberg Model Results

EXAMPLE #5: Sources: Ib/yr
Forest 77.2
Open Land 0.0
Pasture 0.0
Recreation 0.0
Residential 0.0

0.0
0.0
1.7
0.0
77.7
0

p-ann
p-epi (summer)
p-fall

5.16 ug/L
5.16 ug/L
5.16 ug/L

Assumptions:

1. External P load assumes all watershed
land uses are forest or wetland

2. Assumes no internal P loading

Aerial, 77.7, 49.63%

45

Souce Type, Ibs P, % of load

Wetland, 1.7, 1.09%

Forest, 77.2, 49.28%
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EXAMPLE #6: Sources: Ib/yr
Forest 56.1
Open Land 3.6
Pasture 51
Recreation 2.0
Residential 64.9
21.1
0.0
1.7 Nirnberg Model Results
20.7 p-ann 10.13 ug/L
77.7 p-epi (summer) 8.34 ug/L
54.4 p-fall 14.58 ug/L

Assumptions:

1. External P load (253.0 Ib/yr) assumes (1) all
residual effects of spray fields have been
eliminated (area converted to forest), (2) 10%
reduction in load from residential, road and
septics due to BMPs.

Souce Type, Ibs P, % of load

Internal Load, 54.4, Forest, 56.1, 18.26%

17.69% Open Land, 3.6,
1.17%

2. Internal P load (47.6 Ib/yr) based on current

. Pasture, 5.1, 1.67%
conditions.

Recreation, 2.0,
0.66%

Residential, 64.9,
21.11%

Aerial, 77.7, 25.29%

Road, 21.1, 6.86%

Septic Systems,

20.7,6.73%
Wetland, 1.7, 0.55%
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EXAMPLE #7:

Assumptions:

1. External P load (291.8 lb/yr) assumes (1) all
residual effects of spray fields have been
eliminated and (2) future development
conditions based on 2030 buildout scenario.

2. Internal P load (47.6 Ib/yr) based on current
conditions.

47

Sources: Ib/yr
Forest 52.4
Open Land 3.3
Pasture 4.7
Recreation 2.0
Residential 91.6
30.2
0.0
1.7 Niirnberg Model Results
27.6 p-ann 11.39 ug/L
77.7 p-epi (summer) 9.59 ug/L
54.4 p-fall 15.84 ug/L

Internal Load,
15.74%

Aerial, 77.7,
22.49%

Septic Systems,
27.6,7.98%
Wetland, 1.7,
0.49%

54.4,

Souce Type, Ibs P, % of load
Forest, 52.4,

15.15%pen Land, 3.3,
0.96%

Pasture, 4.7, 1.37%

Recreation, 2.0,
0.59%

Residential, 91.6,
26.50%

Road, 30.2, 8.73%
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As depicted in Figure 16 below, an annual P reduction of approximately 7.4 lb/yr will be adequate
to achieve the water quality goal of summer epilimnion concentrations of 8.5 Ug/L. However, based
on buildout projections, it will be necessary to either prevent or reduce future loads by an additional
26.4 Ib/yr (total of 33.8 Ib/yr) in order to maintain the water quality goal in the year 2030.
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Figure 16. Current and Future conditions compared to water quality goal.
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5.5 Additional Modeling: Dynamic Mass Balance Model

Several questions about in-lake dynamics cannot be adequately answered using the steady-state
Vollenweider or Nirnberg models. For instance, if external phosphorus loads are reduced, how long
will it take for the internal load to respond and establish a new equilibrium?2 Time-dependant issues
such as these can only be addressed by a dynamic, rate-dependant model.

Geosyntec has developed a 3-compartment mass balance model to describe phosphorus dynamics
within Mirror Lake. This approach is based on a sediment-water interaction model presented by
Chapra (1997). The lake is represented by an epilimnion (surface waters) component, a hypolimnion
(deep waters) component, and a sediment component. Phosphorus transfer between these
compartments is quantified by various fluxes. In most cases, a flux is estimated as being proportional
to the phosphorus concentration of the compartment from which is derives. For instance, if the
phosphorus concentration in the sediment is high, then the phosphorus recycling rate (the internal load)
will also be high. The three equations used to calculate the phosphorus concentrations within the

various compartments are presented below.

wWo— EPILIMNION L Qe
Mixing
Tt (Phypo=Pepi)(Vhypo)
2
<
S -
> Recycle
Vr * As * Psed
> SEDIMENT
Burial
Vb * As * Psed
APepi
Vepi dipl =W- (Q 'pepi) - (Vs A pezoi) + [Tt ' (phypo - pepi)(vhym)]
dpp
Vhypo % = Tanox(vr A psed) - [Tt ' (phypo - pepi)(Vhypo)]
dPseq
Vsea % = (vs "Ag - pepi) - Tanox(vr "Ag e psed) - (vb "Ag - psed)
Where:

Vepir Viypor Vsea = volume of epilimnion, hypolimnion, and sediment, respectively;
Depis Dhypos Psed = phosphorus concentration of epilimnion, hypolimnion, and sediment, respectively;

W = external phosphorus load
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Q= hydrologic flowrate

Vs = settling velocity

As = area of sediment

T: = time of turnover, if true, a value of 1, if false, a value of O

Tanox = time period of anoxiq, if true, a value of 1, if false, a value of 0
Vi = recycle velocity

Vp = burial velocity

In order to perform the calculation, the derivative portions of the above equations are approximated
as a finite difference. The concentrations at time i are calculated based on the concentrations at the
previous time, i-1.

pepi,i = pepi,i—l + [ (Q pem) (vs N pEI)l) [ t (phypo pepl)( hypo)]] At

Vepi

Tanox(Vr * As " Dsea) — [Tt ) (phypo - pepi)(Vhypo)]] At

Phypo,i = Phypo,i-1 [ %
hypo

(vs "Ag - pepi) - Tanox(vr "Ag psed) - (vb "Ag - psed)

Psed,i = Psed,i-1 T Vv - At
sed

Parameter estimation methods for each of the terms described above are discussed further in
Appendix C. The parameters of the model were calibrated to first allow for steady-state conditions
to exist, assuming that the external load (W) was equal to a “forested” condition (156.7 Ib/yr, Table
5, Example 3). Between 1870 and 2010, the external load was increased linearly from 156.7 Ib/yr
to 265.4 Ib/yr (Table 5, Example 1) to represent development occurring in the watershed over that
time. Also, the maximum amount of additional load from the spray field was applied between 1978
and 2010 (24 Ib/yr; i.e. 23.5 Ib as in Section 3.5 and 0.5 Ib from land use runoff (difference
between loading from spray field and forested condition)). Figure 17 below shows the modeled
epilimnion and hypolimnion concentrations from 1970 to 2060. The graph shows that there is a
response time from the time a load is reduced (i.e. 24 Ib/yr from spray field effects are removed) to
the time the lake reaches a new equilibrium. In this case, the removal of the spray field requires
roughly 10 years (from 2010 to 2020) to achieve its full effect in reducing the lake’s P concentration.

The model results were also compared to the 2010 epilimnion and hypolimnion data collected by
NHDES. Figure 18 shows the model results compared to the actual measured results. Qualitatively, the
epilimnion concentration tracks well along the central tendency of the measured epilimnion values. The
spike in hypolimnion concentration due to internal loading is also represented well by the model.
Figure 19 shows the model results compared to a longer record of epilimnion data collected by UNH.
The dashed line represents the linear trend in the observed epilimnion concentrations.
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Figure 17. Modeled epilimnetic and hypolimnetic concentrations, 1970 to 2060, assuming spray field loads removed
in 2010 and no new development in watershed.

Figure 18. Modeled epilimnetic and hypolimnetic concentrations for 2010, and observed epilimnetic and
hypolimnetic concentrations (data collected by NHDES).

51



Figure 19. Modeled epilimnetic and hypolimnetic concentrations for 1990-2010, and observed epilimnetic
concentrations (data collected by NHDES and UNH).

In terms of the internal load results, the model indicates that under a “forested” condition, the minimum
possible internal load for Mirror Lake is 28.6 |b/yr. For comparison, the modeled internal load for
2010 is 50.2 Ib/yr, and the observed internal load for 2010 is 54.4 |b/yr. After the loading from
the spray fields is removed and the lake has reached a new equilibrium (after approximately 20
years), the total internal load is only expected to be reduced by roughly 1 Ib/yr, which is 2.0% of the
total internal load, or 4.6% relative to the minimum background internal load of 28.6 Ib/yr.

Figure 20 below shows the results of increasing the external load from 265.4 Ib/yr in 2010 to 291.8
Ib/yr in 2030, representing the future conditions buildout loading (see Table 5, Examples 1 and 7).
Under this scenario, the internal load will increase to 53.1 Ib/yr, an increase of 5.8% relative to the
modeled 2010 internal load.

Finally, the option of sewering or community septic systems is investigated by removing the septic
system load. For modeling purposes, the year 2030 was chosen for the date when this load would be
removed. The scenario depicted in Figure 21 assumes that an aggressive watershed protection policy
has prevented the loading increases due to future buildout. Once again, the time between removal of
the load and the time when epilimnion concentrations stabilize is approximately 10-15 years.
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Scenario 2 |
) B

Figure 20. Modeled epilimnetic and hypolimnetic concentrations, 1970 to 2060, assuming spray field loads removed
in 2010 and future conditions buildout continues to 2030.

Scenario 3

Figure 21. Modeled epilimnetic and hypolimnetic concentrations, 1970 to 2060, assuming spray field loads removed
in 2010 and septic system loads removed in 2030.
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Summary of Phosphorus Concentration Modeling Results

Geosyntec developed two steady state models, the Vollenweider Model and the Nirnberg
Model, to predict the relationship between phosphorus loading and in-lake phosphorus
concentrations for Mirror Lake.

The Vollenweider equation predicts an in-lake phosphorus concentration of 13.9 ug/L,
significantly higher than the observed 2010 average of 10.4 ug/L. The Vollenweider equation
also only predicts one annual concentration that reflects the lake in a fully mixed state (i.e., during
spring turnover), and does not predict peak concentrations in late summer and early fall when
cyanobacteria blooms are more likely to occur. The Nirnberg Model appeared to provide a
more accurate and useful predictive tool for Mirror Lake.

The Nirnberg model calculates an annual average P concentration (10.5 Hg/L), a summer
epilimnion P concentration (8.7 lg/L), and a fall P concentration (15.0 Ug/L). P concentrations are
typically highest in the late summer/fall due to mixing of internal P load that is either bound to
sediment or retained in the hypolimnion during other times of the year. The Nirnberg results match
well with the 2010 annual and summer observed averages, and somewhat overestimates the
observed fall 2010 average.

According to the Nisrnberg Model, every P load increase or decrease of 30.4 Ib/yr will result in a
corresponding increase or decrease of 1.0 ug/L in the summer epilimnetic P concentration. New
development anticipated for the Mirror Lake watershed by 2030 is predicted to yield an in-lake
P concentration increase of 0.6 Hg/L.

Geosyntec used the Nirnberg model to analyze a variety of P loading scenarios in order to
provide a framework for understanding the range of possible in-lake concentrations, and to aid in
the selection of the MLPA’s water quality goal. Based on review of these scenarios and discussion
with NHDES staff, the MLPA adopted a water quality goal of a summer epilimnion P concentration
of 8.5 Ug/L. P concentrations below 10 Ug/L are generally considered low enough to preclude
summer cyanobacteria blooms in most lakes.

According to the Nirnberg Model, the lake’s current P load of 320 Ib/yr must be reduced by
approximately 7.4 Ib/yr to achieve the water quality goal stated above. This equates to a target
P load of 312.6 Ib/yr, including both external sources and internal loading. However, based on
2030 buildout projections, it will be necessary to either prevent additional loading or reduce
future projected loads by 33.8 Ib/yr (7.4 lbs/yr plus an additional 26.4 Ibs/yr from projected
development) in order to maintain the water quality goal.

In addition to the steady state models discussed above, Geosyntec developed a dynamic, rate-
dependent model to investigate how long it takes for Mirror Lake’s internal P load to respond to
various changes in external P loading. For example, the model was used to investigate the lake’s
response to elimination of P loading impacts from the WWTF spray field operations in the Mirror
Lake watershed. In that scenario, the model predicts that it will take roughly 10 years (from 2010
to 2020) for elimination of the WWTF spray field to achieve its full effect in reducing the in-lake
P concentration. The dynamic model was also used to investigate the results of other potential
changes to external P loading, such as P-load increases related to future development and P-load
reduction due to sewering lakefront properties.



6. ACTION PLAN FOR REDUCING PHOSPHORUS LOADING TO MIRROR LAKE

This section presents a discussion of potential actions that could be taken in the Mirror Lake watershed
to reduce phosphorus loading. It discusses potential phosphorus reduction measures that relate to
storm water management, septic systems, and watershed land uses. Table 7 (page 74) provides an
overview and prioritization of all proposed measures that are presented in this section.

6.1 Storm Water Management

6.1.1 Field Watershed Investigation

Geosyntec conducted field watershed investigations on November 4, 2010 and July 7, 2011. Based
on the results of this field investigation, this section provides a discussion of potential phosphorus
reduction best management practices (BMPs) that relate to storm water management.

The following pages provide descriptions of the sites identified during the field investigation and
recommended improvements. It is important to note that the sites discussed in this section are not
intended to be an all-inclusive listing of potential stormwater improvements in Mirror Lake watershed.
Rather, these sites are representative examples of potential stormwater improvements and retrofits
that could be implemented at numerous sites throughout the watershed.

A map of Mirror Lake and the BMP sites identified by Geosyntec is presented in Figure 22.
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SITE 1: Lang Pond Road
Site Summary:

Lang Pond Road is an unpaved public road along
the southeastern shore of Mirror Lake. Eroded
ditches (Photo 1-1) were observed along both sides
of a sloped section of Lang Pond Road
approximately 1500 feet north of the intersection
with Route 109 (also known as Governor Wentworth
Highway and referred to hereafter as Route 109).

Sediment from the road and ditches is being
eroded and transported via runoff down the slope
toward Mirror Lake. A portion of this area drains
east into the adjacent wetland (Photo 1-2). The
wetland drains through a culvert under Lang Pond
Road to the lake. The remainder of this area drains
west directly toward Mirror Lake (Photo 1-3).

Based on discussions with the Town of Wolfeboro
Department of Public Works, the improvements
described below assume that an 800-foot section
of this road will be paved and associated storm
water management infrastructure will be installed.
However, pollutant loading reductions could also
be achieved if the road remains unpaved, by
stabilizing eroding road edge ditches with stone
and constructing sediment traps to promote
infiltration and energy dissipation. Although the
improvements itemized below are located within
the Wolfeboro portion of Lang Pond Road, future
improvements to the Tuftonboro portion of the road
should also be considered, including road edge
infiltration practices and/or paving with associated
storm water infrastructure.

Proposed Improvement:

® Pave an approximate 800-foot section of Lang
Pond Road with standard asphal.

® In coordination with road paving, install road
drainage improvements including 5 catch basins,
4 drop inlets, 1 underdrain sedimentation basin
with outlet, and all associated piping and
materials (e.g. stone, piping, etc.).

Estimated Cost (costs provided by Wolfeboro DPW):
Paving (800 If of road): $30,000

Storm Drainage Improvements: $52,710 (see
Appendix D2 for itemization)

Estimated Phosphorus Reduction: 1.1 Ib/yr
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The photos below show examples of improvements to Lang Pond Road that should be considered if
paving does not occur. Photo 1-4 is an example of rock ditch stabilization that could be constructed
at Lang Pond Road. Ditch stabilization provides an erosion-resistant conveyance to convey
stormwater runoff. The rock surface reduces velocity and causes coarse sediment to settle into voids
between rocks. Maintenance includes periodically removing accumulated sediment.

Photo 1-4

Photo 1-5 is an example of a sediment trap with a natural rock spillway that could be constructed at
Lang Pond Road. A sediment trap is a small depression that is typically installed at the end of a
conveyance (e.g., stable channel, culvert, etc.) that allows sediment-laden stormwater to temporarily
pool, allowing sediment to settle out. Cleaner stormwater drains via the natural rock spillway.
Depending on site soils, a low flow drain could be installed to completely drain the trap and prevent
the trap from becoming a stagnant pool and potential mosquito breeding area.

[ Photo 1-5
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SITE 2: Mirror Lake Subdivisions
Site Summary:

Two residential areas in the Mirror Lake watershed

(Photo 2-1) are well suited for Low Impact Photo 2-1

Development (LID) stormwater retrofits including
raingardens, bioretention cells and vegetated
swales. These two areas include properties on
Mirror Lake Drive and the area comprised of
Church Lane, Steeple Lane, Oak Hill Road and
Chipmunk Lane. These two areas are characterized
by moderate slopes and B and C soils; a well-suited
condition for raingarden retrofits. Raingardens
installed in C soils may require larger surface areas
and stone bases to account for lower infiltration
rates associated with C soils. For reference, a NRCS
soil survey map identifying soil classes in the Mirror
Lake watershed is provided in Figure 24.

Proposed Improvements: Sites identified for

improvements during site walks conducted with the
MLPA and local residents are described below.

Photo 2-2

These sites are representative examples of
potential stormwater improvements and retrofits
that could be implemented at residential properties
throughout the watershed.

e Site 2A: Install two concrete flow diversions in
the existing asphalt road surface of Mirror Lake
Drive to divert sheet flow into the adjacent
vegetated area. Install a rip rap swale and
energy dissipation to divert flows and reduce
storm water velocity to discharge in a non-erosive
manner into the vegetated area.

Estimated Cost: $3,200 - $5,200
Estimated Phosphorus Reduction: 0.05 — 0.07 |b P/yr

e Site 2B: Install an approximately 300 square foot bioretention cell (see Image 2-3) to the north of
the existing 12-inch diameter corrugated metal pipe located on Mirror Lake Drive, approximately
400 feet east of the intersection with State Route 109 (near 2 Mirror Lake Drive).

Estimated Cost: $7,200 - $11,700
Estimated Phosphorus Reduction: 0.35 — 0.43 |b P/yr
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Image 2-3

Image 2-3 is a cross section schematic of a bioretention cell. Bioretention cells are shallow landscaped
depressions that incorporate plantings and engineered soil with a high porosity and infiltration
capacity. Bioretention cells control stormwater runoff volume by providing storage, reducing peak
discharge, and removing pollutants through physical, chemical, and biological processes occurring in
plants and soil.

e Site 2C: Install a bioretention cell (approximately 25 feet long by 5 feet wide) along the south side
of 9 Mirror Lake Drive, approximately 5 to 10 feet from the edge of pavement. Install a 10 foot
long vegetated swale along Mirror Lake Drive to the south of the site 2B bioretention cell. The
vegetated swale would capture drainage from the road and nearby driveway and convey these
flows into the bioretention cell. Construction of the bioretention cell and vegetated swale would
require that the existing timber retaining wall be removed and the area re-graded to provide
proper drainage into the swale and cell.

Estimated Cost: $3,000 - $5,000
Estimated Phosphorus Reduction: 0.26 — 0.32 |b P/yr
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e Site 2D: Install a bioretention cell (approximately 10 feet by 20 feet) at the southwest corner of the
intersection of Mirror Lake Drive and the driveway to 11 Mirror Lake Drive.

Estimated Cost: $4,800 - $7,800
Estimated Phosphorus Reduction: 0.32 — 0.39 Ib P/yr

e Site  2E: Install a bioretention  cell
(approximately 40 feet by 20 feet) to the north
of Mirror Lake Drive at the location of the two
12-inch diameter corrugated metal pipes
located approximately 1,000 feet east of the
intersection with Route 109 (Photo 2-4). The
bioretention cell would overflow into the existing
culverts during large accumulation, less frequent
storms. Currently, a foundation drain at 10
Mirror Lake Drive discharges immediately to the
northwest of the corner of the driveway and
road. A 4-inch diameter pipe is proposed under
the driveway to drain the foundation drain
outlet into the bioretention cell.

Photo 2-4

Estimated Cost: $10,200 - $17,000
Estimated Phosphorus Reduction: 1.05 — 1.29 |b P/yr

e Site 2F: An existing drainage path discharges
through a culvert under Mirror Lake Drive in the
vicinity of 26 Mirror Lake Drive. The area that
drains through this culvert (Photo 2-5) is currently
maintained as lawn. Regrading and a planting
plan are proposed in the vicinity of the culvert
inlet to provide temporary storage as well as
water  quality  treatment  during  small
accumulation, frequent storm events. Area
residents report that high volume and velocity
runoff downstream of the culvert has resulted in
erosion in the channel that drains to Mirror Lake.

Photo 2-5 ]

Estimated Cost: $7,700 - $12,500
Estimated Phosphorus Reduction: 0.97 — 1.21 |b P/yr

e Site 2G and 2H: There are two corrugated metal culverts at 4 and 14 Church Lane that drain storm
flows under Church Lane. Both culverts were filled with sediment on the inlet and did not have
energy dissipation at the outlet and erosion was observed immediately downgradient of the
culverts’ outfalls. Rock inlet protection and rock energy dissipation is recommended for both
culverts.

Estimated Cost: $3,200 - $5,200
Estimated Phosphorus Reduction: 0.03 — 0.06 Ib P/yr
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o Site 2I: Stormwater runoff from Oak Hill Road drains north across Chipmunk Lane. These flows
currently are collected in riprap that has filled with accumulated sediment. Erosion was observed on
along the edge of the riprap where flows have bypassed the riprap conveyance. Additional riprap
is proposed at this location including removing the existing riprap and reshaping the area to form a
shallow parabolic channel that will be lined with rip rap. The area is used for overflow parking
from surrounding houses and requires stabilization. The finished riprap surface should be sloped
and integrated with the surrounding area to allow for overflow parking.

Estimated Cost: $2,000 - $3,250
Estimated Phosphorus Reduction: 0.01 — 0.02 |b P/yr

e Site 2J: Stormwater runoff from Oak Hill Road
drains north via overland flow toward
Chipmunk Lane. A riprap drain out is proposed
on the west side of Oak Hill Road (Photo 2-6)
to route the stormwater runoff off the pavement
and gutter and route these flows into the

vegetated area to the west of Oak Hill Road.

Estimated Construction Cost: $1,600 - $2,600

Estimated Phosphorus Reduction: 0.01 — 0.02
lb P/yr

e Site 2K - Raingarden Demonstration Program: Initiate a raingarden program for residents in the
Mirror Lake watershed and educate residents about stormwater pollution prevention practices.
Raingardens will vary in size depending on drainage area and property owner preference, and
may range between 50 to 200 square feet. This would improve water quality and provide
pretreatment for stormwater that would otherwise runoff directly into the lake. For the cost and load
reduction estimates below, five (5) 100-square foot raingardens were assumed as part of the
raingarden demonstration program.

Estimated Cost: $7,200 - $11,700
Estimated Phosphorus Reduction: 0.23 — 0.29 Ib P/yr

Photo 2-7 is an example of a flowering perennial raingarden along a road edge in a residential
yard. Raingardens are shallow landscaped depressions that incorporate plantings and engineered
soil. Raingardens control stormwater runoff volume from small drainage areas by providing
temporary storage and removing pollutants through physical, chemical, and biological processes
occurring in plants and soil. Rain gardens are often appropriate for residential developments, to treat
storm water from impervious areas associated with individual lots. The total installed cost of a typical
rain garden is approximately $1,500 to $3,500 (contractor installed costs), depending on garden
size, soil conditions, type of plantings used, and other site-specific requirements.

Photo 2-8 is an example of a shrub perennial raingarden installed along a road edge. Shrubs

require less maintenance than herbaceous plants and have a higher potential for evapotranspiration
because of the deeper roots and larger plants.
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SITE 3: Abenaki Ski Area
Site Summary:

There is an unpaved parking area approximately
8,500 square feet in size to the west of the building
at the Abenaki Ski Area. The unpaved area drains
into a small pond immediately adjacent to the east
of the parking area (Photo 3-1). This pond drains
north through an unnamed ftributary ultimately
draining to Mirror Lake. The Abenaki Ski area has
potential to be a highly visible sight for educational
outreach opportunities.

Proposed Improvement:

® Pave parking spaces with porous pavement and
the driveways with standard asphalt (Photo 3-2).
This would stabilize the parking area and reduce
the potential for sediment and associated
pollutants from migrating into the receiving water.
A lower-cost alternative would be to pave the
area with asphalt.

o Install two bioretention cells (example of
bioretention cell is shown in Photo 3-3), each
approximately 400 square feet in area in the
following locations: (1) adjacent to the proposed
paving described above; and (2) one located
between the existing paved parking area to the
east of the ice rink and the pond.

Estimated Cost:
Porous pavement strip: $54,700 - $66,900
(Asphalt-Only Option): $39,800-$48,600
Bioretention cells: $7,500 — $9,200

Estimated Phosphorus Reduction:

0.23 - 0.28 Ib P/yr
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SITE 4: Route 109 / Mirror Lake Boat Launch Subwatershed

Site Summary:

The Mirror Lake boat launch is an unpaved dirt ramp
that enters the west end of the lake from Route 109.
The boat launch area includes an unpaved area along
the road shoulder that is used for vehicle/boat trailer
parking (Photo 4-1). A portion of Route 109 near the
launch drains through a culvert that discharges towards
the boat ramp area (Photo 4-2).

Proposed Improvements:

e Stabilize the boat launch ramp with (1) standard
asphalt for the upper 40 feet from Route 109 and
(2) cabled, precast-concrete, surfaced planks for the
lower portion extending into the lake. Install a linear
trench drain (approximately 20 feet long) near the
transition between the asphalt and the concrete
planks. The trench drain would drain into a
bioretention cell (approximately 200 square feet)
adjacent to the ramp on town-owned property.
Photo 4-3 provides an example of the stabilization
that could be completed at this site.

® Install o bioretention cell in the area just
downgradient of the culvert outlet, approximately 60
feet long by 3 feet wide (or larger as space allows).
Ownership of this area should be confirmed. If
privately owned, an easement for the raingarden
area should be investigated.

o Other opportunities to reduce the volume and velocity
of stormwater discharge from the contributing
drainage areas upgradient of Route 109 may also
be feasible, pending a more detailed assessment of
storm water flow patterns, property ownership and
other site-specific constraints.

Estimated Cost:

Cabled concrete boat launch: $12,000
Asphalt paving: $1,800 — $2,200
Trench drain: $1,000

Bioretention cells: $3,700 - $4,500

Estimated Phosphorus Reduction: 0.10-0.12 Ib/yr
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SITE 4: Route 109 / Mirror Lake Boat Launch Subwatershed (continued)

Photo 4-3 provides an example of the pavement and linear trench drain that could be installed at the
boat launch. This boat ramp was installed in 2010 at Silver Lake in Harrisville, NH.

[ Photo 4-3

trench drain
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6.1.2 Estimated Storm Water BMP Pollutant Load Reduction

Phosphorus load reductions were estimated for each of the proposed improvements described above
in Section 6.1.1. The phosphorus load reductions were estimated using published pollutant reduction
rates for BMPs as follows:

The predicted phosphorus load entering each BMP was estimated based on the land cover in the
drainage area contributing flows through the BMP. Each BMP drainage area was delineated based
on United States Geological Survey (USGS) topography maps and Geosyntec’s field investigations of
the watershed and storm drainage structures.

Next, land use categories from existing land use data were assigned to the drainage area. An
annual pollutant load was estimated for each catchment using either the Simple Method (described in
the New Hampshire Stormwater Manual) or the USEPA STEP-L program. This pre-BMP annual
phosphorus load represents the amount of phosphorus expected to enter the lake if the BMP was not
in-place.

Next, published BMP phosphorus reduction values were used to estimate the total amount of
phosphorus which is expected to be removed (provided that the BMP is properly installed and
maintained). Reduction values were obtained from the New Hampshire Stormwater Manual when
available. BMP reduction values not provided by the New Hampshire Stormwater Manual were
obtained from the Massachusetts Stormwater Handbook. The post-BMP pollutant load represents the
pollutant load predicted to enter the Lake if the BMP was installed. Table 7 provides a summary of
the phosphorus load reductions estimated for each proposed BMP site. Appendix D1 includes the
Simple Method calculations, phosphorus load reduction calculations and costing assumptions used for
each site.

The BMPs proposed for Sites 1-4 are estimated to reduce the annual phosphorus load to Mirror Lake
by 5.2 Ib/year. This load reduction represents about 70% of the targeted phosphorus load reduction
(7.4 Ib/year) for Mirror Lake as discussed in Section 5.4. However, as previously stated, Sites 1-4
are not intended to be a comprehensive listing of recommended stormwater improvements in the
Mirror Lake watershed. Rather, these sites are representative examples of potential stormwater
improvements and retrofits that could be implemented at numerous sites throughout the watershed.
Significantly greater phosphorus load reductions could be attained from a watershed-wide effort to
improve stormwater management through LID practices (e.g. raingardens on residential lots) and
improvements to existing storm water drainage features.
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6.2 Potential Community Septic Systems Locations

Geosyntec conducted a preliminary review to identify potential areas
for community septic systems (Table 6). The review was based on (1)
the density of existing homes in close proximity to the Lake and (2)
data on soil types and soil drainage classes in the areas surrounding
the lake. Five potential service areas for community septic systems
serving approximately 86 homes are shown in Figure 23. As shown in
Figure 24, many of the soils surrounding the lake have been classified
by the USDA-NRCS as hydrologic soil group B. Water flow through
these soils is described as “unimpeded”, which tends to make them
suitable for siting wastewater treatment facilities.

Geosyntec identified the five areas listed below as potential service
areas for community septic systems. Specific locations for the treatment
systems were not identified as part of this study, although it is
recommended that these systems be sited a minimum of 250 feet from
the lake shoreline. For each of the five clusters of homes, the maximum
piping distance from a home to a centrally located community septic
system would be approximately 0.25 miles.

Table 6: Potential Community Septic Systems

# of Estimated P
Area Location Shoreline Reduction
Homes (Ibs/yr)
1 Mirror Lake Drive: East 1" 0.6 — 1.4
2 Mirror Lake Drive: West 22 1.5—-35
3 Oak Hill Road Area 20 1.1 - 2.6
4 Route 109 Area 13 0.6 — 1.4
5 Lang Pond Road Area 20 1.3 —-3.0
See Figure 23 for location of Areas 1-5 Total: 5.1 -11.9

The installed cost for a community septic system can vary widely depending on site specific conditions
such as soils, slopes, piping distances, etc. In general, the cost of a community system per household
will decrease significantly as the number of homes sharing the system increases. For general costing
purposes, a cluster mound system servicing 25 homes will cost about $458,000 to install ($18,320 per
house). This cost includes $208,000 for design and installation of the system and $250,000 to install
piping connections, assuming an average of 100 feet of small diameter pipe per home at $10 per
linear foot. Annual maintenance costs for this type of system are estimated at $5,000 ($200 annually

per home).
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For comparison, a mid-range cost for sewering is approximately $20,000 per home. The high range
for sewering projects in the northeast United States is near $30,000 per house. Sewer systems are
rarely installed at a cost lower than $15,000 per house.

The potential phosphorus load reductions that may be achieved by installing community septic systems
can vary widely depending on factors including: the proximity and condition existing on-site septic
systems; the location of the proposed community septic systems (e.g. distance from the lake); soil
conditions; and treatment technology of the systems. To maximize phosphorus removal, the infiltration
system should be located in medium- to fine-textured soils as far from the lake as possible. When
siting options for these systems are less than ideal, treatment technology options that use media
surface chemical precipitation or adsorption can be an effective alternative.

For the 86 homes located within the five potential community septic system locations, a conservative
estimated phosphorus load reduction range of 25%-60% (measured as a reduction compared to the
existing load from private on-site systems) would result in an estimated phosphorus load reduction of
5.1 to 11.9 Ibs P/year. This reduction is within range of the targeted annual phosphorus load
reduction of 7.4 |b/yr based on current conditions, as discussed in Section 5.4. The reduction is
approximately 15% to 35% of the 33.8 Ib/yr reduction that is predicted to be needed by year
2030 based on current conditions and expected future development. Higher load reduction amounts
may be possible depending on site-specific conditions and the treatment technology used.

Additional information and case studies on community septic systems can be found at the following
links:

e Small Community Wastewater Cluster Systems (Purdue Extension):
http://www.extension.purdue.edu/extmedia/ID/ID-265.pdf

e  Cluster Wastewater Systems Planning Handbook (NDWRCDP, Lombardo Associates, Inc.), includes
various case studies: http://www.ndwrcdp.org/documents /WU-HT-01-45/WUHTO0145 web]l.pdf

e Case Study, Cedar Lake, MN:

www.ellingsoncompanies.com/media/documents/cedar lake cluster system.pdf
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6.3

Land Conservation Measures

As presented in Section 5, future conditions (year 2030) modeling indicates that total phosphorus
loading due to potential lake shore development could result in an additional 10.3 pounds of annual
phosphorus load to Mirror Lake, including 6.0 pounds due to land use changes and 4.3 pounds due to
additional septic system loading. This projected additional phosphorus load from new development
represents 30% of the future conditions loading that must be prevented to maintain the water quality

goal.

The most notable area for potential near-shore development is along the northeast shoreline in the
Lang Pond Road / Piper Road region (Hersey property). Recommended strategies to reduce this
future phosphorus load include the following:

6.4

Land Acquisition/Conservation Easements: Protection of land either by fee acquisition or
conservation easements will not contribute to achieving the water quality goal based on
current conditions. However, as presented in Section 5, it could prevent up to 10.3 pounds of
additional phosphorus loading under future conditions, which represents 30% of the future
conditions loading that must be prevented to maintain the water quality goal.

Regulatory and Land Planning Tools: Regulatory and land planning tools such as zoning

bylaws, watershed protection districts and LID Bylaws are recommended and can be effective
tools for protecting lakes from adverse impacts due to land development. The Town of
Windham, NH recently adopted the Cobbett’s Pond Watershed Protection Ordinance, which
could serve as an excellent model for a municipal regulatory tool to protect and preserve
Mirror Lake. This ordinance can be found at:

http: / /www.cobbettspond.org /images/CobbettsPondOrdinance.pdf. Other model bylaws can

be found on the website for the Citizen Planner Training Collaborative, a training and
education service provided to planning boards and local officials from the University of
Massachusetts and collaborative partners (www.umass.edu/masscptc/examplebylaws.html).

Summary of Proposed Action Plan to Reduce Phosphorus Loading

Geosyntec conducted a watershed survey to identify locations where P loading reductions
could be achieved through storm water management improvements and other best
management practices (BMPs). In general, the stormwater drainage in the watershed
appeared to be in good condition and opportunities for storm water management
improvements were limited due to the predominantly forested character of the watershed.

The proposed storm water management BMPs would result in an estimated P load reduction of
5.2 Ib/year, which is about 70% of the targeted phosphorus load reduction of 7.4 Ib/year
for Mirror Lake. These sites are representative examples of potential stormwater
improvements and retrofits that could be implemented at numerous sites throughout the
watershed. Significantly greater phosphorus load reductions could be attained from a
watershed-wide effort to improve stormwater management through Low Impact Development
practices (e.g. raingardens and other infiltrating BMPs) and other land management practices
such as reduced fertilizer use, use of rain barrels and cisterns, improved septic system
management, stabilization of erosion-prone areas, and proper management of domesticated
and farm animal waste.
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Geosyntec identified five areas, including a total of 86 homes, as potential service areas for
community septic systems. If all five community septic systems were constructed, the estimated
annual reduction in P load ranges from 5.1 to 11.0 Ib/yr. This range could achieve the
targeted annual phosphorus load reduction of 7.4 Ib/yr based on current conditions. For
general costing purposes, a cluster mound system servicing 25 homes will cost about $458,000
to install ($18,320 per house). Annual maintenance costs are estimated at $5,000 ($200
annually per home).

Model projections for 2030 indicate that potential lake shore development could result in an
additional 10.3 pounds of annual P load to Mirror Lake, including 6.0 pounds due to land use
changes and 4.3 pounds from new septic systems. This projected additional P load represents
30% of 34 pounds of annual P loading that must be prevented (based on current conditions)
to maintain the water quality goal in 2030 . Recommended strategies to reduce this future
phosphorus load include (1) protection of land either by fee acquisition or conservation
easements and (2) regulatory and land planning tools such as zoning bylaws, watershed
protection districts and Low Impact Development Bylaws.

Section 5.2 of Appendix B to this report (Mirror Lake Internal Phosphorus Loading and
Cyanobacteria Response, NHDES) provides a discussion of in-lake restoration techniques that
address internal sediment P loading to lakes. These in-lake techniques include aeration, circulation,
biomanipulation, dredging, water exchange, and chemical inactivation processes such as the
application of aluminum salts. Based on the current condition of Mirror Lake with regard to P
loading and in-lake P concentrations, in-lake management techniques are not recommended at
this time. The current water quality of Mirror lake is very good and Geosyntec recommends that
priority should be given to maintaining and improving water quality through watershed source
controls and non-structural practices such as land conservation, regulatory tools and public
education.

Table 7 provides an overview and prioritization of all proposed measures that are presented
in this section.



Table 7: Summary of Proposed Actions to Reduce Phosphorus Loading

COMMUNITY
SEPTIC SYSTEM

CONSERVATION

Install trench drain

Pave upper driveway portion of boat ramp (standard asphalt)

Install 2 bioretention cells

TP LOAD COST PER LB
BMP TYPE SITE COMPONENTS ESTIMATED COST REDUCTION OF P REDUCED PRIORITY
(Ib/yr) (x $1,000)
1 Lang Pond Road Pave/re-surface 800 If of Lang Pond Road $30,000 1.10 75.2 HIGH
Install 5 catch basins, 4 drop inlets, 1 underdrain
sedimentation basin with outlet, and associated materials $52,710
(stone, piping, etc.).
2  Mirror Lake Subdivisions Install flow diversions $73,000 - $90,000 3.32 - 4.06 18.0 - 27.1 HIGH
Install four bioretention cells
(d
g Construct a wetland in an existing drianage path
: Install inlet and outlet protection at two culverts
w
'E Install flow diversion and riprap stabilization
E Implement residential raingarden program
o
[e] - oL:
[ 3 Abenaki Ski Area Pave parking area with combination of standard and porous $62,186 - $76,005 0.23 - 0.28 219.5- 327.8 Low
Install bioretention cells to treat parking area runoff
4 Mirror Lake Boat Launch Install new cabled concrete boat ramp $22,347 - $27,313 0.10 - 0.12 190.9 - 285.2 HIGH

1 Mirror Lake Drive: East Community Septic System: Homes served = 11 $201,520 06 - 1.4 143.9 - 335.9 MED
2 Mirror Lake Drive: West Community Septic System: Homes served = 22 $403,040 1.5 - 35 1152 - 2687 MED
3 Oak Hill Road Area Community Septic System: Homes served = 20 $366,400 1.1 - 26 140.9 - 333.1 MED
4  Route 109 Area Community Septic System: Homes served = 13 $238,160 06 - 1.4 170.1 - 396.9 MED
5  Lang Pond Road Area Community Septic System: Homes served = 20 $366,400 1.3 - 3.0 122.1 - 2818 MED

1

Lang Pond Road / Piper Road Area
(Hersey Property)

Prevention of development along Mirror Lake northeastern
shoreline via fee acquisition, conservation easements, etc.
(includes cost of potential land purchases)

TOTALS:

$250,000 - $1,000,000

$2,066,000 (low)
$2,852,000 (high)

18 (low)
29 (high)

221 - 107.5

72 (low)
158 (high)

Note: As discussed in Section 5.4, a P load reduction of 7.4 Ib/yr is needed to achieve the MLPA water quality goal (mean summer epilimnion P concentration of 8.5 u g/L).

HIGH



RHartzel
Typewritten Text
74


7. SUMMARY OF TECHNICAL AND FINANCIAL SUPPORT
7.1 Technical Support

Most of the phosphorus loading reduction measures described in Section 6 will require a moderate to
high level of technical support. The required types of technical support include site topographic
surveys, preparation of existing conditions base plans, and preparation of definitive site drawings by
an engineer that would be used for permitting, contractor bidding and construction. Stormwater
improvement sites requiring low level of technical support would generally be appropriate for design-
build construction using field manuals. A listing of the stormwater improvement sites according to
estimated level of required technical support is as follows:

Moderate High

Site 3: Abenaki Ski Area
Site 4: Mirror Lake Boat Launch

Site 1: Lang Pond Road

Site 2: Mirror Lake Subdivisions,
Church Lane, Oak Hill Road

In addition to the technical support described above, construction of some of the projects described in
Section 6 may require a Minimum Impact Wetlands Application to the NHDES Wetlands Bureau.
Wetlands were not delineated as part of this project. As such, technical support from a New
Hampshire certified wetland scientist would be required on sites where wetlands are present for
wetland delineation and permitting support.

Improvements related to on-site wastewater management and the proposed community septic systems
discussed in Section 6.2 will require a high degree of technical support from a wastewater
engineering firm. Such support is expected to include a feasibility study with detailed investigations
and recommendations on siting options and costing for the proposed community systems. Detailed
engineering plans for the systems would then be required.

Other types of technical support that may be required for the recommended measures discussed in
this report include graphic design and printing support for public outreach and educational materials,
septic system inspection services, and legal assistance for land conservation acquisitions and
development of regulatory language for future municipal bylaws.

7.2 Financial Support

Site improvements and management recommendations described in Section 6 will require funding to
install and complete. Likely sources of funding include, but are not limited to, MLPA dues and Section
319 grant funds. Alternative funding may be in the form of donated labor from the Towns of
Tuftonboro/Wolfeboro, MLPA volunteers and local contractors. Brief descriptions of potential grant
funding sources are provided below:
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Section 319 Watershed Assistance and Restoration Grants:

NHDES Watershed Assistance and Restoration Grants are funded through the U.S. Environmental
Protection Agency under Section 319 of the Clean Water Act. Two thirds of the annual funds are
available for restoration projects that address impaired waters and implement watershed based
plans designed to achieve water quality standards. A project eligible for funds must plan or
implement measures that prevent, control, or abate non-point source pollution. These projects should:
(1) restore or maintain the chemical, physical, and biological integrity of New Hampshire's waters; (2)
be directed at encouraging, requiring, or achieving implementation of BMPs to address water quality
impacts from land-use; (3) be feasible, practical and cost effective; and (4) provide an informational,
educational, and/or technical transfer component. The project must include an appropriate method
for verifying project success with respect to the project performance targets, with an emphasis on
demonstrated environmental improvement.

Nonprofit organizations registered with the Ne