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Executive Summary

A Total Maximum Daily Load (TMDL) analysis was conducted for Robinson Pond in Hudson, New Hampshire.
Robinson Pond is currently listed as impaired for primary contact recreation by the State of New Hampshire
because of high chlorophyll a concentrations and the presence of hepatotoxic cyanobacteria. Robinson Pond
is also listed as impaired for aquatic life use because of low dissolved oxygen saturation. This effort included
the construction of a nutrient budget and setting a target value for phosphorus such that algal growth and
bloom formation would no longer impair primary contact recreation. Reducing phosphorus concentrations and
associated algal growth should also improve the dissolved oxygen conditions in the deep areas of the lake.
The TMDL is then allocated among sources of phosphorus such that in-lake phosphorus concentrations meet
the target and Robinson Pond supports its designated uses. The analysis suggests that the current loads of
phosphorus to Robinson Pond must be reduced by 40% overall in order to meet the target in-lake phosphorus
value of 12 ug/L. The load allocation puts primary emphasis on reducing watershed phosphorus sources over
other sources due to the relative load contribution from the watershed and practical implementation
considerations. It is expected that these reductions would be phased in over a period of several years.
Successful implementation of this TMDL will be based on compliance with water quality criteria in Env-Wq
1700. Guidance for obtaining Clean Water Act (Section 319) funding for nonpoint source control is presented
in Section 7.0. Suggestions for enhancement of the current monitoring program and general phosphorus
loading reduction strategies are also provided.
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1.0 Introduction

The Federal Clean Water Act (CWA) provides regulations for the protection of streams, lakes, and estuaries
within the United States. Section 303(d) of the CWA requires individual states to identify waters not meeting
current state water quality standards due to pollutant discharges and to determine Total Maximum Daily Loads
(TMDLs) for these waters. A TMDL sets the maximum amount of a pollutant that a waterbody can receive and
still support designated uses. A large number of New Hampshire lakes are on the 2010 303(d) list due to
impairment of designated uses by chlorophyll a (chl a), cyanobacteria blooms or dissolved oxygen (DO)
depletion (NHDES, 2010b). Robinson Pond is included on the 2010 list due to the impairment of primary
contact recreation caused by high chl a concentrations, the presence of hepatotoxic cyanobacteria. Robinson
Pond is also listed as impaired for aquatic life use because of low DO saturation, high chl a and high TP. High
levels of chl a and TP, and the presence of hepatotoxic cyanobacteria are indicative of nutrient enrichment.
Low DO is also likely related to nutrient enrichment and associated algal production. Phosphorus is the
primary limiting nutrient in northern temperate lakes. Hence eutrophication due to phosphorus enrichment is
the likely cause of high chl a, high TP, the presence of hepatotoxic cyanobacteria, and/or low DO. Nitrogen
can also play a role in determining the type of algae present and the degree of eutrophication of a waterbody.
However, phosphorus is typically more important and more easily controlled. A TMDL for total phosphorus
(TP) as a surrogate for chl a, hepatotoxic cyanobacteria and DO has been prepared for Robinson Pond and
the results are presented in this report.

The TMDL will be expressed as:
TMDL = Waste Load Allocation (WLA) + Load Allocation (LA) + Margin of Safety (MOS)

The WLA includes the load from permitted discharges, the LA includes non-point sources and the MOS
ensures that the TMDL will support designated uses given uncertainties in the analysis and variability in water
quality data.

Determining the maximum daily nutrient load that a lake can assimilate without exceeding water quality
standards is challenging and complex. First, many lakes receive a high proportion of their nutrient loading
from non-point sources, which are highly variable and are difficult to quantify. Secondly, lakes demonstrate
nutrient loading on a seasonal scale, not a daily basis. Loading during the winter months may have little effect
on summer algal densities. Finally, variability in loading may be very high in response to weather patterns, and
the forms in which nutrients enter lakes may cause increased variability in response. Therefore, it is usually
considered most appropriate to quantify a lake TMDL as an annual load and evaluate the results of that annual
load on mid-summer conditions that are most critical to supporting recreational uses. Accordingly, the nutrient
loading capacity of lakes is typically determined through water quality modeling, which is usually expressed on
an annual basis. Thus, while a single value may be chosen as the TMDL for each nutrient, it represents a
range of loads with a probability distribution for associated water quality problems (such as algal blooms).
Uncertainty is likely to be very high, and the resulting TMDL should be viewed as a nutrient-loading goal that
helps set the direction and magnitude of management, not as a rigid standard that must be achieved to protect
against eutrophication. While daily expression of the TMDL is provided in this report, the annual mean load
should be given primacy when developing and evaluating the effectiveness of nutrient loading reduction
strategies.

The purpose of the Robinson Pond TMDL is to establish TP loading targets that, if achieved, will result in
consistency with the State of New Hampshire Water Quality criteria Env-Wq 1703.14. Water quality that is
consistent with state standards is, a priori, expected to protect designated uses. AECOM prepared this TMDL
analysis according to the United States Environmental Protection Agency's (US EPA) protocol for developing
nutrient TMDLs (US EPA, 1999). The main objectives of this TMDL report include the following:
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e Describe water body, standards and numeric target value;
o Describe potential sources and estimate the existing TP loading to the lake;
o Estimate the loading capacity;
o Allocate the load among sources;
¢ Provide alternate allocation scenarios;
e Suggest elements to be included in an implementation plan;
e Suggest elements to be included in a monitoring plan;
e Provide reasonable assurances that the plans will be acted upon; and
e Describe public participation in the TMDL process.
This TMDL for TP will identify the causes of impairment and the pollutant sources and is expected to fulfill the

first of the nine requirements for a watershed management plan required to qualify a project for Section 319
restoration funding (see Section 7.0).
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2.0 Description of Water Body, Standards and Target

21 Waterbody and Watershed Characteristics

Robinson Pond (NHLAK700061203-06-01) is located in Hudson, New Hampshire and is within the Merrimack
River Basin (Figure 2-1). The 52-hectare (ha) lake has a maximum depth of 9.0 meters (m) (29.5 ft) and a
mean depth of 2.4 m (7.9 ft). The lake volume is 1,249,302 cubic meters (m3) with a flushing rate of
approximately 2.7 times per year. The watershed area is 477 ha and is entirely within the Town of Hudson.
The Town of Hudson has a population of 24,700 (ELMIB, 2007). The non-native aquatic plants, variable milfoil
(Myriophyllum heterophyllum) and fanwort (Cabomba caroliniana) infest the pond. Robinson Pond is a warm
water fishery with bullhead (/ctalurus sp.), largemouth bass (Micropterus salmoides), bluegill (Lepomis
macrochirus), chain pickerel (Esox niger), black crappie (Pomoxis nigromaculatus), and smallmouth bass
(Micropterus dolomieu) as the most common species (NH Fish and Game, 2007). Select characteristics of
Robinson Pond and its watershed are presented in Table 2-1.

Table 2-1. Characteristics of Robinson Pond, Hudson, NH.

Parameter Value
Assessment Unit Identification NHLAK700061203-06-01
Lake Area (ha) 52
Lake Volume (m°) 1,249,302
Watershed Area (ha) 477
Watershed/Lake Area 9
Mean Depth (m, ft) 24,79
Max Depth (m, ft) 9,29.5
Flushing Rate (yr") 2.7
Epilimnetic TP (ug/L mean, range)* 16, 11-22
Hypolimnetic TP (ug/L mean, range)* 47,12-172
Epilimnion TN: TP Ratio 31

Primary Contact Recreation:
chlorophyll a (5-P),
hepatotoxic cyanobacteria
Impaired Uses and Causes of (5-M); Aquatic Life:
Impairment** chlorophyll a (5-M), TP (5-
M), Dissolved Oxygen
Saturation (5-M);
Source Unknown
Hypolimnetic Anoxia Yes
*Water quality statistics are calculated from 2001-2007 data
**Source: 2006 & 2008 NH 303d Lists of Threatened or Impaired Waters that Require a TMDL.
Category ‘5’'= TMDL Required, Category ‘M’= Marginal Impairment, and Category ‘P’= Priority Impairment.
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Figure 2-1. Robinson Pond Location and Bathymetry.
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The New Hampshire Department of Environmental Services (NHDES) conducted water quality monitoring on
Robinson Pond in 1979 and 1988 (NH DES, 1988) for Lake Trophic Studies. The Volunteer Lake Assessment
Program (VLAP) began in 2000 and continues to the present day (NHDES, 2006b). The mean, median and
range of selected water quality parameters from each sampling location from the most recent summer data
available (2001-2007) are summarized in Table 2-2. The hypolimnion has low DO concentrations (< 1 mg/L)
at depths below 6.0 m during the summer. Secchi disk transparencies (SDT) are also low, ranging from 1.9 to
4.5 m with a mean of 3.0 m. Cyanobacteria blooms containing hepatotoxic microcystins in summer have been
observed; chl a concentrations over this time period range from 3.6-65.4 ng/L. TP concentrations in the
epilimnion range from 11 to 22 ug/L with a mean of 16 ug/L. Hypolimnetic TP concentrations range from 12 to
172 pg/L with a mean of 47 pg/L. The higher mean hypolimnetic TP concentrations suggest that there is
sediment release of TP during stratification in the summer.

Table 2-2. Robinson Pond Summer Water Quality Summary Table 2001-2007.

Deep Deep Station . Station Station  Station 5
Deep Soot Soot 1 Station 2 3 4 Stoney
o Spot po po Beach Launch Howard Juniper Lane
Statistic ] Meta Hypo .
Epi TP TP TP Brook Brook TP Brook Brook Drainage
(ug/L) (uglL) (uglL) TP (ug/L) TP TP TP
(ug/L) (ug/l)  (uglL) (ug/L)
n 31 30 30 12 26 23 29 18
Min 11 10 12 5 12 17 14 5
Mean 16 23 47 22 39 138 41 36
Max 22 44 172 52 84 516 335 63
Median 15 21 46 19 34 93 24 36
Table 2-2 (continued).
Station 6 Station 7 Station  Station 12
Statistic Woodcrest Row TP 8 Outlet Camp SDT Chl a* DO **
Brook TP TP Brook TP (m) (uglL) (mg/L)
(uglL)
(uglL) (uglL) (uglL)
n 16 33 36 10 37 37 71
Min 4 8 7 13 1.9 3.6 0.3
Mean 239 158 18 38 3.0 12.3 54
Max 1680 1400 58 130 4.5 65.4 16.7
Median 82 15 17 30 3.0 10.0 5.6

n = number of samples; Epi = epilimnion; Meta = metalimnion; Hypo = hypolimnion; SDT= Secchi Disk
Transparency, Chl a= Chlorophyll a, DO= Dissolved Oxygen

* Uncorrected for phaeophytin

** DO values are from each discrete observation in the data set regardless of depth

2.2 Designated Uses

Robinson Pond is assigned a surface water classification of B by the State of New Hampshire. Surface water
classifications establish designated uses for a waterbody. Designated uses are desirable uses that must be
protected, but are not specifically associated with quantifiable water quality standards. According to RSA 485-

3]

A:8, Class B waters, “shall be of the second highest quality.” These waters are considered acceptable for
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fishing, swimming and other recreational purposes and may be used as water supplies after adequate
treatment.

As indicated above, State statute (RSA 485-A:8) is somewhat general with regards to designated uses for
New Hampshire surface waters. Upon further review and interpretation of the regulations (Env-Wq 1700), the
general uses can be expanded and refined to include the seven specific designated uses shown in Table 2-3
(NH DES 2008a).

Table 2-3. Designated Uses for New Hampshire Surface Waters.

Designated Use

NHDES Definition

Applicable Surface Waters

Aquatic Life

Waters that provide suitable chemical and physical
conditions for supporting a balanced, integrated
and adaptive community of aquatic organisms.

All surface waters

Fish Consumption

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

All surface waters

Waters that support a population of shellfish free

Shellfish . from toxicants and pathogens that could pose a All tidal surface waters
Consumption :
human health risk to consumers
Drinking Water Waters that with adequate treatment will be
Supply After suitable for human intake and meet state/federal All surface waters

Adequate Treatment

drinking water regulations.

Primary Contact
Recreation (i.e.
swimming)

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

All surface waters

Secondary Contact

Waters that support recreational uses that involve

All surface waters

Recreation minor contact with the water.
Waters that provide suitable physical and chemical
Wildlife conditions in the water and the riparian corridor to All surface waters
support wildlife as well as aquatic life.
2.3 Applicable Water Quality Standards

The New Hampshire State Water Quality Standards for nutrients in Class B waters (Env-Wq 1703.14) are:

(1) Class B waters shall contain no phosphorus in such concentrations that would impair any existing or
designated uses, unless naturally occurring.

(2) Existing discharges containing either phosphorus or nitrogen that encourage cultural eutrophication
shall be treated to remove phosphorus or nitrogen to ensure attainment and maintenance of water

quality standards.

(3) There shall be no new or increased discharge of phosphorus into lakes or ponds.
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(4) There shall be no new or increased discharge(s) containing phosphorus or nitrogen to tributaries of
lakes or ponds that would contribute to cultural eutrophication or growth of weeds or algae in such
lakes and ponds.

Applicable water quality standards for DO include the following:

Env-Wq 1703.07 (b): Except as naturally occurs, or in waters identified in RSA 485-A:8, lll, or subject to (c)
below, Class B waters shall have a DO content of at least 75% of saturation, based on a daily mean, and an
instantaneous minimum DO concentration of at least 5 mg/L.

Env-Wq 1703.07 (d): Unless naturally occurring or subject to (a) above, surface waters within the top 25
percent of depth of thermally unstratified lakes, ponds, impoundments and reservoirs or within the epilimnion
shall contain a DO content of at least 75 percent saturation, based on a daily mean and an instantaneous
minimum DO content of at least 5 mg/L. Unless naturally occurring, the DO content below those depths shall
be consistent with that necessary to maintain and protect existing and designated uses.

The NHDES policy for interim nutrient threshold for primary contact recreation (i.e. swimming) in NH lakes is
15 pg/L chl a (NHDES, 2008a). Lakes were also listed as impaired for swimming if surface blooms (or
“scums”) of cyanobacteria were present. A lake was listed even if scums were present only along a downwind
shore.

In 2009, NHDES developed interim TP and chl a criteria based on lake trophic level for the protection of
aquatic life (NHDES, 2009) which were used to develop the 2010 303(d) list (NHDES, 2010b). The study
evaluated median chl a and TP concentrations for 233 lakes and developed interim criterion using the
reference concentration approach (EPA, 2000d). Reference lakes were defined as lakes with average specific
conductance values less than 50 uS/cm. As shown below, the criteria vary by trophic class where the trophic
class is based on NHDES trophic evaluations. Where multiple trophic evaluations have been conducted, the
best (i.e. cleanest) trophic class is used to determine the appropriate criterion. In accordance with the 2010
Consolidated Listing and Assessment Methodology (NHDES, 2010a), the medians are based on summer data
(i.e., samples taken from May 24th to September 15th).

Median TP Median Chl

(ug/L) (ug/L)
Oligotrophic <8.0 <33
Mesotrophic <=12.0 <=50
Eutrophic <=28 <=11

24 Anti-degradation Policy

Anti-degradation provisions are designed to preserve and protect the existing beneficial uses of New
Hampshire’s surface waters and to limit the degradation allowed in receiving waters. Anti-degradation
regulations are included in Part Env-Wq 1708 of the New Hampshire Surface Water Quality Regulations.
According to Env-Wq 1708.02, anti-degradation applies to the following:

e All new or increased activity including point and nonpoint source discharges of pollutants that would
lower water quality or affect the existing or designated uses;
o A proposed increase in loading to a waterbody when the proposal is associated with existing activities;

e Anincrease in flow alteration over an existing alteration; and
Final TMDL Report for Robinson Pond 2-5 January 2011



¢ All hydrologic modifications, such as dam construction and water withdrawals.

2.5 Priority Ranking and Pollutant of Concern

Robinson Pond (NHLAK700061203-06-01) is listed on the 2010 303(d) list as having an aquatic life use
impairment due to low DO concentrations, high chl a and hig TP. It is also listed as impaired for primary
contact recreation use impairment due to excessive chl a and the presence of hepatotoxic microcystins
(NHDES, 2010). Robinson Pond periodically experiences high concentrations of chl a as well as
cyanobacteria blooms in summer. Robinson Pond is listed by the NH DES as a high priority for TMDL
development. This preliminary ranking is based on the waterbody impairment and whether the pollutants pose
a threat to human health or to federally listed, threatened or endangered species (NHDES, 2008a). The final
ranking takes into account public interest/support, availability of resources for development, administrative or
legal factors, and likelihood of implementation. Designated use impairment is also ranked. Robinson Pond is
listed as marginally impaired (category 5-M) for aquatic life due to low DO saturation, high chl a and high TP.
Primary contact recreation is listed as marginally impaired due to cyanobacteria (category 5-M) and as
impaired-poor due to chl a (category 5-P). It is likely that the impairments observed in Robinson Pond are
attributable to nutrient enrichment, specifically TP. Control of TP sources to Robinson Pond should therefore
improve conditions related to chl a, hepatoxic cyanobacteria and DO such that designated uses are supported.
A summary of the impairments and causes of impairment are presented in Table 2-1.

2.6 Numeric Water Quality Target

To develop a TMDL for this waterbody, it is necessary to derive a numeric TP target values (e.g., in-lake
concentration) for determining acceptable nutrient loads. The suggested TP values are described in the
following paragraphs. The derivation of these targets and discussion of alternative approaches in setting
targets are presented in Appendix A. It is notable that all three approaches presented result in very similar
target concentrations.

At present, numeric criteria for TP do not exist in New Hampshire’s state water quality regulations.
Accordingly, best professional judgment of AECOM, NH DES, and US EPA Region 1 was employed to select
a quantitative target in-lake TP concentration that will attain the narrative water quality standard. Wind
accumulation of surface blooms or “scum” can be cause for impairment in New Hampshire lakes. It is difficult
to relate the presence of these scums to TP loads. However, setting a TP target based in part on minimizing
the probability of excessive summer chl a should be sufficient to minimize scum formation related to
cyanobacteria blooms. Reducing algal productivity through control of TP should also reduce hypolimnetic DO
depletion.

The numeric (in-lake) water quality target for TP for Robinson Pond is 12 ug/L, based on the discussion
presented in Appendix A. The target is set based on an analysis of the observed TP concentrations from a set
of impaired and a set of unimpaired lakes in New Hampshire. The target number is supported by evaluation of
the Trophic State Indices (TSI) developed by Carlson (1977) and a probabilistic assessment of the likelihood of
blooms (Walker 1984, 2000). The “weight of evidence” suggests that 12 ug/L is an appropriate target that will
allow Robinson Pond to support its designated uses. This target incorporates an MOS (described further in
Section 5.3). The target is based primarily on summer data but the TMDL is being calculated based on mean
annual conditions. The target concentration corresponds to non-bloom conditions, as reflected in suitable
(designated use support) measures of both SDT and chl a.
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3.0 ENSR-LRM Model of Current Conditions

Current TP loading was assessed using the ENSR-LRM methodology, which is a land use export coefficient
model developed by AECOM for use in New England and modified for New Hampshire lakes by incorporating
New Hampshire land use TP export coefficients when available and adding septic system loading into the
model (CT DEP and ENSR, 2004). Documentation for ENSR-LRM is provided in Appendix B.

The major direct and indirect nonpoint sources of TP to Robinson Pond include:

e Atmospheric deposition (direct precipitation to the lake)

e Surface water base flow (dry weather tributary flows, including any groundwater seepage into streams
from groundwater)

o  Stormwater runoff (runoff draining to tributaries or directly to the lake)
¢ Internal recycling (release from sediment by chemical interaction)
o  Waterfowl (direct input from resident and migrating birds)

o Direct groundwater seepage including septic system inputs from shorefront residences

There are no permitted point source discharges of nutrients in this watershed. However, construction activities
in the watershed that disturb greater than one acre of land and convey stormwater through pipes, ditches,
swales, roads or channels to surface water require a federal General Permit for Stormwater Discharge from
Construction Activities. However, construction discharges are not incorporated in the model due to their
variability and short-term impacts. In addition, a portion of the watershed is served by a municipal separate
storm sewer system (MS4), which also requires a stormwater discharge permit. Loads originating in the MS4
area of the watershed are accounted for in the waste load allocation (WLA) portion of this TMDL (Section 5.2).

The watershed of Robinson Pond was divided into five subwatersheds based on tributary inputs and
topography (Figure 3-1). These subwatersheds include Howard Brook, Launch Brook, Direct Drainage
Juniper Brook, Direct Drainage-Robinson Road, and the Robinson Pond direct drainage. The northwestern
cove of Robinson Pond appears to be transitioning to a wetland complex. It was assumed that this wetland
complex served to attenuate TP loads from the Howard Brook subwatershed, the Direct Drainage-Juniper
Brook subwatershed, and the Direct Drainage-Robinson Road subwatershed. These watersheds were routed
through the North Wetland. The southern cove by the outlet also appears to be transitioning to a wetland
complex as well, but the South Wetland was assumed to not have influence on in-lake TP concentrations
because it is located at the pond outlet. TP loads were estimated for each subwatershed based on runoff and
groundwater land use export coefficients. The TP loads were then attenuated as necessary to available
tributary monitoring data. If no tributary data were available or current, then the attenuation factor was based
on the slope, soils, and location of wetlands. Loads from the watershed as well as direct sources were then
used to predict in-lake concentrations of TP, chl a, SDT, and algal bloom probability. The estimated load and
in-lake predictions were then compared to mean/median in-lake concentrations. The attenuation factors for
each subwatershed were used as calibration tools to achieve a close agreement between predicted in-lake TP
and observed mean/median TP. However, perfect agreement between modeled concentrations and
monitoring data were not expected as monitoring data are limited for some locations and are biased towards
summer conditions when TP concentrations are expected to be lower than the annual mean predicted by the
loading model.
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3.1 Hydrologic Inputs and Water Loading

Calculating TP loads to Robinson Pond requires estimation of the sources of water to the lake. The three
primary sources of water are: 1) atmospheric direct precipitation; 2) runoff, which includes all overland flow to
the tributaries and direct drainage to the lake; and 3) baseflow, which includes all precipitation that infiltrates
and is then subsequently released to surface water in the tributaries or directly to the lake (i.e., groundwater).
Baseflow is roughly analogous to dry weather flows in streams and direct groundwater discharge to the lake.
The water budget is broken down into its components in Table 3-1.

e Precipitation - Mean annual precipitation was assumed to be representative of a typical hydrologic
period for the watershed. The annual precipitation value was derived from the USGS publication:
Open File Report 96-395, “Mean Annual Precipitation and Evaporation - Plate 2", 1996 and confirmed
with precipitation data from weather stations in Epping, Durham, and Concord. For the Robinson
Pond watershed, 1.07 m of annual precipitation was used.

e Runoff - For each landuse category, annual runoff was calculated by multiplying mean annual
precipitation by basin area and a land use specific runoff fraction. The runoff fraction represents the
portion of rainfall converted to overland flow.

e Baseflow - The baseflow calculation was calculated in a manner similar to runoff. However, a
baseflow fraction was used in place of a runoff fraction for each land use. The baseflow fraction
represents the portion of rainfall converted to baseflow.

Runoff and baseflow fractions from Dunn and Leopold (1978) were assumed to be representative for NH land
uses and are listed in Tables C-1 and C-2 in Appendix C. The hydrologic budget was calibrated to a
representative standard water yield for New England (Sopper and Lull, 1970; Higgins and Colonell 1971,
verified by assessment of yield from various New England USGS flow gauging stations). Table C-8 details the
water load attenuation for each subwatershed. The attenuation accounts for the presence/location of wetland
complexes in all of the subwatersheds and achieves better agreement with the standard water yield for New
England. The South wetland was not attenuated because it is located at the outlet and would not reduce TP
inputs into the pond. The attenuation was also verified based on best professional judgment and guidance
from the Center for Watershed Protection (2000). More detail on the methodology for hydrologic budget
estimation and calibration is presented in Appendix B.

Table 3-1. Robinson Pond Water Budget.

WATER BUDGET M3 YR
Atmospheric 381,776
Watershed Runoff 1,472,486
Watershed Baseflow 1,491,905
Total 3,346,167

3.2  Nutrient Inputs

Land Use Export

The Robinson Pond watershed and subwatershed boundaries were delineated using NH DES delineations
and corrected with USGS topographic maps when necessary (NH DES, 2007). Land uses within the

watershed were determined using several sources of information including: (1) Geographic Information
System (GIS) data, (2) analysis of aerial photographs and (3) ground truthing (when appropriate).
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The TP load for each subbasin was calculated using export coefficients for each land use type. The subbasin
loads were adjusted based upon proximity to the lake, soil type, presence of wetlands, and attenuation
provided by Best Management Practices (BMPs) for water or nutrient export mitigation. The watershed load
(baseflow and runoff) was combined with direct loads (atmospheric, internal load, septic system, and
waterfowl) to calculate TP loading. The generated load to the lake was then input into a series of empirical
models that provided predictions of in-lake TP concentrations, chl a concentrations, algal bloom frequency and
water clarity. Details on model input parameters and major assumptions used to estimate the baseline loading
(i.e., existing conditions) for Robinson Pond are described below.

e Areal land use estimates were generated from land use and land cover GIS data layers from NH
GRANIT. For Robinson Pond, data sources are: GRANIT March 2007 CTAP/I-93 land use polygon
layer, the 2001 NH Land Cover Assessment layer © Complex Systems Research Center, University of
New Hampshire, and National Wetland Inventory (1971-1992). Land use categories were matched
with the ENSR-LRM land use categories and their respective TP export coefficients. Table C-3 lists
ENSR-LRM land use categories in which the GRANIT categories were matched. Land cover data and
aerial photographs were used to determine certain land use classifications, such as agriculture and
forest types. Selected land uses were confirmed on the ground during a watershed survey.
Watershed land use is presented spatially in Figure 3-1 and summarized in Table 3-2.

o TP export coefficient ranges were derived from values summarized by Reckhow et al. (1980), Dudley
et al. (1997) as cited in ME DEP (2003) and Schloss and Connor (2000). Table C-3 provides ranges
for export coefficients and Table C-4 provides the runoff and baseflow export coefficient for each land
use category in Robinson Pond and the sources for each export coefficient. Residential areas within
the 125ft buffer around the pond were designated as Urban 2 (Shoreline Residential) and residential
areas outside of the 125ft buffer were designated as Urban 1 (Low Density Non-shoreline
Residential). The export coefficient for Urban 1 was decreased to 0.35 kg/ha/yr as it was assumed
that non-shoreline residential would contribute less to the watershed TP load due to it being low
density and farther away from the pond. The default export coefficient for Urban 1, 0.9 kg/ha/yr, was
instead used for Urban 2 (Shoreline Residential). A University of New Hampshire study also found a
TP runoff export coefficient of 0.35 kg/ha/yr to be at the lower end of the range and 0.9 kg/ha/yr to be
a moderate export coefficient for urban land use in the Flints Pond watershed (Schloss and Connor,
2000). The Robinson Pond Diagnostic/Feasibility Study also used an export coefficient of 0.9 kg/ha/yr
for residential (Connor, O’Loan, and McCarthy, 1994).

¢ Areal loading estimates were attenuated within the model based on natural features such as porous
soils, wetlands or by anthropogenic sources, such as implemented physical BMPs that would
decrease loading. Wetlands are expected to spread the flow and encourage water infiltration, settling
and adsorption of TP. Table C-9 details the attenuation factors applied to each subwatershed. The
Launch Brook subwatershed was attenuated 30% due to the presence of a riparian wetland complex,
which captures much of the runoff from residential areas. Also, the estimated mean TP concentration
of Launch Brook (41 ng/L) was close to the mean observed TP concentration (39 ug/L). Even though
Howard Brook subwatershed also has a riparian complex that captures some runoff before it enters
the northern emerging wetland, high TP concentrations have been observed in the brook (mean and
median of 138 pg/L and 93 ng/L, respectively). Therefore, an attenuation factor of only 15% was
applied to the Howard Brook subwatershed even though the predicted stream TP concentration (34
ug/L) is lower than that observed. Direct Drainage-Juniper Brook and Direct Drainage-Robinson Road
both have wetlands that capture runoff before entering the northern emerging wetland, but have
residential development relatively close to the lake. Direct Drainage-Juniper Brook was assigned an
attenuation factor of 10% and Direct Drainage-Robinson Road was assigned an attenuation factor of
5%. Water from Howard Brook subwatershed, Direct Drainage-Juniper Brook subwatershed, and
Direct Drainage-Robinson Road subwatershed drains into the northern emergent wetland (North
Wetland) and the TP was further attenuated 40%. Direct Drainage TP was attenuated 20% to account
for some forested/wetland buffer around the lake and relatively flat topography. However, there are
many shoreline homes and residential areas within the Direct Drainage. The emergent wetland in the
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southern cove (South Wetland) was attenuated 50% because it was assumed that the wetland was
not greatly affecting the in-lake water quality as it is near the outlet..

Annual areal loading of TP from the watershed is estimated to be 97.4 kg/yr which represents 85% of the
total load to the lake.
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Table 3-2. Land Use Categories by Robinson Pond Subwatersheds.

Area (Hectares)

Direct Junipgr Robir]son Northern Southern
Launch Brook | Howard Brook Drainage Brool_(lDlrect Rdll_)lrect Cov¢_a OutIe:t

Subwatershed | Subwatershed Subwatershed Drainage Drainage Emerging Emerging

Subwatershed | Subwatershed Wetland Wetland
Urban 1 (Low Density Non-Shoreline Residential) 50.2 44.0 48.6 28.6 9.1 0.0 0.0
Urban 2 (Shoreline Residential/Commercial) 0.3 0.0 6.4 0.0 0.6 0.0 0.0
Urban 3 (Roads) 4.0 3.0 4.2 1.8 0.8 0.0 0.0
Urban 5 (Parks, Recreation, Institutional) 14.0 9.0 5.2 0.0 0.0 0.0 0.0
Agric 4 (Hayland-Non Manure) 59 0.0 0.0 0.0 0.0 0.0 0.0
Forest 1 (Deciduous) 12.0 19.5 27.3 4.1 1.1 0.0 0.0
Forest 2 (Non-Deciduous) 23 6.4 29.6 1.7 2.0 0.0 0.0
Forest 3 (Mixed Forest) 30.2 37.5 27.7 9.3 3.3 0.0 0.0
Forest 4 (Wetland) 0.3 0.1 0.4 2.7 0.0 0.0 0.0
Open 1 (Wetland / Pond) 6.9 6.2 3.3 2.7 9.7 8.1 8.2
Open 2 (Meadow) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Open 3 (Bare/Open) 0.1 0.6 0.6 0.7 0.0 0.0 0.0
TOTAL 126.2 126.4 153.7 51.7 26.6 8.1 8.2
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Atmospheric Deposition

Nutrient inputs from atmospheric deposition were estimated based on a TP coefficient for direct precipitation.
The atmospheric load of 0.25 kg/ha/yr includes both the mass of TP in rainfall and the mass in dryfall (Wetzel,
2001). The sum of these masses is carried by rainfall. As a result, the concentration calculated for use in the
loading estimate (23 ug/L) is close to the mean concentration (25 pg/L) observed in rainfall in Concord, NH
(NHDES, 2008 Unpublished Data). The coefficient was then multiplied by the lake area (ha) in order to obtain
an annual atmospheric deposition TP load. The contribution of atmospheric deposition to the annual TP load
to Robinson Pond was estimated to be 8.9 kg/yr or 8% of the total load.

Internal Loading

Internal loading of TP to Robinson Pond was estimated using the lake volume-weighted mass differences
between early and late summer periods from available water column TP and DO data. DO profiles during late
summer were chosen to determine the depth of the anoxic zone. The area of the lake with potential anoxic
zones was determined using GIS analysis of bathymetric maps (Figure 2-1). Internal TP loading was
estimated as the difference between the hypolimnetic concentrations in September and prestratification
concentrations in May for the most recent years available (2001, 2003, 2004, 2005, and 2006), multiplied by
the volume of the anoxic hypolimnion (Table C-5). Prestratification or late summer TP data were not available
for 2002 and 2007, so these years were not included in the calculation. Internal loading of TP to Robinson
Pond was estimated to be 2.3 kg/yr or 2% of the TP load to the lake. The 1994 Robinson Pond
Diagnostic/Feasibility Study estimated a net sediment uptake of TP. An updated internal loading investigation
would provide more precise estimates of internal TP (Connor, O’Loan, and McCarthy, 1994).

Septic systems

TP export loading from residential septic systems was estimated within the 125 ft shoreline zone. The 125 ft
zone is the minimum distance from lakes that new septic systems are allowed in New Hampshire with rapid
groundwater movement through gravel soils. A shoreline survey using GIS ortho-photographs determined the
number of residencies within the 125 ft zone. It was assumed that if the dwelling was within the 125 ft zone
that the septic system was also within the 125 ft zone. The TP load was calculated by multiplying a TP export
coefficient (based on literature values for wastewater TP concentrations and expected water use), the number
of dwellings, the mean number of people per dwelling, the number of days occupied per year, and an
attenuation coefficient (Table C-6). In Robinson Pond, the TP loading from shoreline septic systems was
estimated to be 3.8 kg/yr, which is 3% of the TP load to Robinson Pond. Note the predicted load is less than
that in the 1994 Robinson Pond Diagnostic/Feasibility study (Connor, O’Loan, and McCarthy, 1994). An
updated detailed septic survey or groundwater monitoring as suggested in Section 8.0 may yield more precise
estimates of septic loading.

The following assumptions were used in estimating the TP load from septic systems.

e |t was assumed that all 21 homes in the 125 ft buffer were year round (Bowles, 2008).

e Two and a half people were estimated to reside in each dwelling. It was estimated that each resident
uses 65 gallons per day for 365 days per year for year round residents and 90 days for seasonal
residents.

e The TP coefficients were calculated based on mean TP concentration in domestic wastewater of 8
mg/L and mean household water uses (Metcalf & Eddy, 1991).

e All septic loads to Robinson Pond were attenuated 90% (Dudley and Stephenson, 1973; Brown and
Associates, 1980) to account for TP uptake in the soil between the septic systems and the lake.
There is no evidence in available watershed reports or evidence from site visits that the majority of
the soils underlying the developed area immediately adjacent to Robinson Pond have severe
limitations for septic systems or have poor filtration characteristics. There are moderate limitations
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due to slope and large stones in the areas with homes within the 125 ft buffer (Connor, O’Loan, and
McCarthy, 1994).

Wildlife
Waterfowl

TP load from waterfowl was estimated using a TP export coefficient and an estimate of annual mean waterfowl
population. It was estimated that the mean annual waterfowl population consisted of 20 mallards (Bowles,
2008). The TP export coefficient for mallard ducks, 0.000505 kg/bird/day, was multiplied by 275 non-ice days
and the number of waterfowl! in order to obtain a TP load of 2.8 kg/yr (Table C-7). This equates to 2% of the
total TP load.

Information provided by one of the lake monitors indicates that Robinson Pond has always been home
approximately 2 to 3 families of Canada Geese each summer. Therefore, the loading used for waterfowl in the
model may be considered slightly conservative.

Beaver

Information provided by one of the lake monitors indicates the presence of beaver activity in the area Howard
Brook. As stated in Section 3.2 above, high concentrations of TP have been found in Howard Brook and the
attenuation factor used in the model for that subwatershed was reduced to 15% (versus 30% to 40% in other
subwatersheds) in order to calibrate the model to the higher observed data.

3.3 Phosphorus Loading Assessment Summary

The current TP load to Robinson Pond was estimated to be 115.2 kg/yr from all sources. The TP load
according to source is presented in Table 3-3.

Loading from the watershed was overwhelmingly the largest source at 97.4 kg/yr (85% of the TP load). In
particular, Direct Drainage and Launch Brook subwatershed had the highest TP loading at 36.0 kg/yr (31%)
and 30.4 kg/yr (26%) (Table 3-3).

Direct precipitation provides approximately 8% of the annual TP load or 8.9 kg/yr while internal loading was
estimated to contribute 2.3 kg/yr or 2% of the TP budget. Septic systems contribute 3.8 kg/yr or 3% of the
annual TP budget. Waterfowl contribute 2.8 kg/yr or 2% of the annual load.

Table 3-3. Robinson Pond Phosphorus Loading Summary.

Modeled % of

TP INPUTS Current TP | yotal

Loading Load

(kglyr)

Atmospheric 8.9 8
Internal 2.3 2
Waterfowl 2.8 2
Septic System 3.8 3
Watershed Load- Launch Brook 30.4 26
Watershed Load- Howard Brook 18.3 16
Watershed Load- Direct Drainage 36.0 31
Watershed Load- Direct Drainage Near Juniper 8.5 7
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Watershed Load- Direct Drainage near Robinson Rd 3.6 3
Watershed Load- North Wetland 0.3 <1
Watershed Load- South Wetland 0.3 <1
Total 115.2 100

3.4 Phosphorus Loading Assessment Limitations

While the analysis presented above provides a reasonable accounting of sources of TP loading to Robinson
Pond, there are several limitations to the analysis:

e Precipitation varies among years and hence hydrologic loading will vary. This may greatly influence
TP loads in any given year, given the importance of runoff to loading.

e Spatial analysis has innate limitations related to the resolution and timeliness of the underlying data.
In places, local knowledge was used to ensure the land use distribution in the ENSR-LRM model was
reasonably accurate, but data layers were not 100% verified on the ground. In addition, land uses
were aggregated into classes which were then assigned export coefficients; variability in export within
classes was not evaluated or expressed.

o TP export coefficients as well as runoff/baseflow exports were representative but also had limitations
as they were not calculated for the study water body, but rather are regional estimates.

e The TP loading estimate from septic systems was limited by the assumptions associated with this
calculation described above in the “Septic Systems” subsection.

e Water quality data for Robinson Pond and its tributaries are somewhat limited, restricting calibration of
the model.

3.5 Lake Response to Current Phosphorus Loads

TP load outputs from the ENSR-LRM Methodology were used to predict in-lake TP concentrations using five
empirical models. The models include: Kirchner-Dillon (1975), Vollenweider (1975), Reckhow (1977), Larsen-
Mercier (1976), and Jones-Bachmann (1976). These empirical models estimate TP from system features,
such as depth and detention time of the waterbody. The load generated from the export portion of ENSR-LRM
was used in these equations to predict in-lake TP. The mean predicted TP concentration from these models
was compared to measured (observed) values. Input factors in the export portion of the model, such as export
coefficients and attenuation, were adjusted to yield an acceptable agreement between measured and average
predicted TP. Because these empirical models account for a degree of TP loss to the lake sediments, the in-
lake concentrations predicted by the empirical models are lower than those predicted by a straight mass-
balance (34 ug/L) where the mass of TP entering the lake is equal to the mass exiting the lake without any
retention. Also, the empirical models are based on relationships derived from many other lakes. As such, they
may not apply accurately to any one lake, but provide an approximation of predicted in-lake TP concentrations
and a reasonable estimate of the direction and magnitude of change that might be expected if loading is
altered. These empirical modeling results are presented in Table 3-4.

The TP load estimated using ENSR-LRM methodology translates to predicted mean in-lake concentrations
ranging from 11 to 28 pg/L. The mean in-lake TP concentration of the five empirical models was 20 pg/L. The
mean epilimnetic P concentration from observed in-lake data from 2001 to 2007 was 16 ug/L. The slight
disagreement between the model results and the in-lake data may be attributable to the time of year of
sampling. Nearly all of the monitoring data are from the summer, a time when epilimnetic concentrations are
typically lower than mean annual concentrations. The empirical models all predict mean annual TP
concentrations assuming fully mixed conditions. Nurnberg (1996) shows summer epilimnetic concentrations
as 14% lower than annual concentrations using a dataset of 82 dimictic lakes while Nurnberg (1998) shows a
difference of 40% using a dataset of 127 stratified lakes. The mean observed concentration in Robinson Pond
(16pg/L) is 20% lower than the predicted concentration (20 pg/L), which is within the range reported in the two
Nurnberg studies.
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Table 3-4. Predicted In-lake Total Phosphorus Concentration using Empirical Models.

Empirical Equation Equation Predicted TP (ug/L)
Mass Balance TP=L/(Z(F))*1000 34
Kirchner-Dillon 1975 TP=L(1-Rp)/(Z(F))*1000 16
Vollenweider 1975 TP=L/(Z(S+F))*1000 28
Larsen-Mercier 1976 TP=L(1-RIm)/(Z(F))*1000 21
Jones-Bachmann 1976 TP=0.84(L)/(Z(0.65+F))*1000 23
Reckhow General 1977 TP=L/(11.6+1.2(Z(F)))*1000 11
Average of Above 5 Model Values 20
Observed Summer Epilimnion Mean (2001-2007) 16
Observed Summer Epilimnion Median (2001-2007) 15
Variable Description Units Equation
L Phosphorus Load to Lake g P/m2/yr
4 Mean Depth m Volume/area
F Flushing Rate flushings/yr | Inflow/volume
S Suspended Fraction no units Effluent TP/Influent TP
Qs Areal Water Load m/yr Z(F)
Vs Settling Velocity m Z(S)
Rp Retention Coefficient (settling rate) no units ((Vs+13.2)/2)/(((Vs+13.2)/2)+Qs)
RIm Retention Coefficient (flushing rate) no units 1/(1+F*0.5)

Once TP estimates were derived, annual mean chl a and SDT can be predicted based on another set of
empirical equations: Carlson (1977), Dillon and Rigler (1974), Jones and Bachman (1976), Oglesby and
Schaffner (1978), Vollenweider (1982), and Jones, Rast and Lee (1979). Bloom frequency was also
calculated based on equations developed by Walker (1984, 2000) using a natural log mean chl a standard
deviation of 0.5. These predictions are presented in Table 3-5. Note that the observed summer mean and
maximum chl a are greater than predicted. It is possible that heterotrophic dinoflagellate and golden-brown
algal species (Connor et al., 1994) may be obtaining nutrients from sediment derived sources including
bacteria and protozoa (Smith, 1950) in addition to water column sources.
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Table 3-5. Predicted In-lake Chlorophyll a and Secchi Disk Transparency Predictions based on an
Annual Average In-lake Phosphorus Concentration of 20 pg/L.

Empirical Equation |

Equation

Predicted Value

Mean Chlorophyll ug/L
Carlson 1977 Chl=0.087*(Pred TP)*1.45 6.7
Dillon and Rigler 1974 Chl=10"(1.449*LOG(Pred TP)-1.136) 5.7
Jones and Bachmann 1976 Chl=10%(1.46*LOG(Pred TP)-1.09) 6.5
Oglesby and Schaffner 1978 Chl=0.574*(Pred TP)-2.9 8.6
Modified Vollenweider 1982 Chl=2*0.28*(Pred TP)"0.96 10.0

Average of Model Values 7.5

Observed Summer Mean (2001-2007) 12.3

Peak Chlorophyll ugl/L
Modified Vollenweider (TP) 1982 Chl=2*0.64*(Pred TP)"1.05 29.9
Vollenweider (CHL) 1982 Chl=2.6*(AVERAGE(Pred Chl))*1.06 22.0
Modified Jones, Rast and Lee 1979 | Chl=2*1.7*(AVERAGE(Pred Chl))+0.2 25.7

Average of Model Values 25.9

Observed Summer Maximum (2001-2007)* 65.4

Bloom Probability % of Summer
Probability of Chl >15 ug/L | See Walker 1984 & 2000 5.1%
Secchi Transparency m
Mean: Oglesby and Schaffner 1978 Chl=107(1.36-0.764*LOG(Pred TP)) 23
Max: Modified Vollenweider 1982 Chl=9.77*Pred TP*-0.28 4.2
Observed Summer Mean (2001-2007) 3.02
Observed Summer Maximum (2001-2007) 4.50
Variable Description Units
The average TP calculated from the 5
predictive equation models in Table 3-
"Pred TP" 4 ug/L
The average of the 3 predictive
equations calculating mean
"Pred Chl" chlorophyll ug/L

*The observed summer maximum is based on n=37 and is not necessarily the peak chlorophyll
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4.0 Total Maximum Daily Load

4.1 Maximum Annual Load

The annual load capacity is defined by the US EPA in 40 C.F.R. § 130.2(f) as, “The greatest amount of loading
that a water can receive without violating water quality standards.” The loading capacity is to be protective
even during critical conditions, such as summertime conditions for TP loading to nutrient enriched lakes. The
ENSR-LRM loading and lake response model was used to calculate the target annual TP load in (kg TP/yr)
from the 12 ug/L target in-lake TP concentration discussed in Section 2.6. The TP loads that could practically
be reduced were decreased until the target TP in-lake concentration was achieved. Further documentation of
the ENSR-LRM model can be found in Appendix B.

The total maximum annual TP load that is expected to result in an in-lake annual mean TP concentration of 12
ug/L was estimated to be 68.9 kg/yr, which represents a 40% reduction from existing conditions (Table 4-1).

4.2 Maximum Daily Load

Although a daily loading timescale is not meaningful for ecological prediction or long-term watershed
management of lakes, this TMDL will present daily pollutant loads of TP in addition to the annual load. US EPA
believes that there is some flexibility in how the daily loads may be expressed (US EPA, 2006). Several of
these options are presented in “Options for Expressing Daily Loads in TMDLs” (US EPA, 2007).

The Robinson Pond dataset and associated empirical model necessitates a statistical estimation of a
maximum daily load because long periods of continuous simulation data and extensive flow and loading data
are not available. US EPA (2007) provides such an approach.

The following expression assumes that loading data are log-normal distributed and is based on a long term
mean load calculated by the empirical model and an estimation of the variability in loading.

MDL=LTA * e [zo - 0.5672]

Where:

MDL = maximum daily limit

LTA = long-term average

Z = z-statistic of the probability of occurrence
6= In(CV* + 1)

CV= coefficient of variation

For the Robinson Pond TMDL a coefficient of variation (CV) of 1.1 and a 95% probability level of occurrence (z
= 1.64) were used. The CV was calculated as the mean of the CV of loading from 18 subwatersheds draining
to Goose Pond and Bow Lake in New Hampshire (Schloss, 2008 unpublished data). The long term average
(LTA) load of 0.19 kg/day was calculated by dividing the annual load (68.9 kg) by 365 days. The total
maximum daily load of TP is 0.55 kg/day, or approximately 1.2 Ibs/day.

4.3 Future Development

Since the human population within a watershed may continue to grow and contribute additional TP to the
impaired lakes, TMDLs often include an allocation for growth and associated future TP loading. For example,
in Maine, target TP loading from anticipated future development is equivalent to a 1.0 ug/L change in in-lake
TP concentration (Dennis et al., 1992). However, the NH water quality regulation Env-Wq 1703.3(a) General
Water Quality Criteria states, “The presence of pollutants in the surface waters shall not justify further
introduction of pollutants from point and/or nonpoint sources.” With regard to at least impaired waterbodies, it
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is the policy of NHDES that existing loads due to development are held constant, allowing no additional
loading. In order for any future allocation of pollutant load(s) to be granted for an impaired waterbody, the load
would need to be reduced elsewhere in the watershed. Given the antidegradation statement above (Section
2.4), this TMDL has been developed assuming no future increase in TP export from these impaired
watersheds. However, it should be recognized that the NHDES has no mechanism for regulation/enforcement
of TP export from developments of single house lots that do not require a Section 401 Water Quality
Certification or fall under the thresholds for alteration of terrain permits (100,000 square feet of disturbance or
50,000 square feet within 250 feet of a lake). Municipalities can, however, regulate such development by
revising their land use ordinances/regulations to require no additional loading of TP from new development.

4.4 Critical Conditions

Critical conditions in Robinson Pond typically occur during the summertime, when the potential (both
occurrence and frequency) for nuisance algal blooms are greatest. The loading capacity for TP was set to
achieve desired water quality standards during this critical time period and also provide adequate protection for
designated uses throughout the year. This was accomplished by using a target concentration based on
summer epilimnetic data and applying it as a mean annual concentration in the predictive models used to
establish the mean annual maximum load. Since summer epilimnetic values are typically about 20% less than
mean annual concentrations (Nurnberg 1996, 1998), an annual load allocation based on mean annual
concentrations will be sufficiently low to protect designated uses impacted by TP in the critical summer period.

4.5 Seasonal Variation

As explained in Section 4.4, the Robinson Pond TMDL takes into account seasonal variations because the
target annual load is developed to be protective of the most sensitive (i.e., biologically responsive) time of year
(summer), when conditions most favor the growth of algae.

4.6 Reduction Needed

Current TP loading and in-lake concentrations are greater than required to support designated uses. The
target TP concentration established in Section 2.6 was set in order to ensure that designated uses were
supported. The degree of TP load reduction required to meet designated uses is calculated by subtracting the
target load (Section 4.1) from the existing load estimated with ENSR-LRM (Section 3.3). Percent reductions
are summarized in Table 4-1. Calculations are detailed in Table C-13 of Appendix C.

Using the estimated target load presented in Section 4.1, the TP load needs to be reduced to 68.9 kg/yr or a
mean of 0.19 kg/d. Based on the daily analysis requirement discussed in Section 4.2, the maximum daily load
should be <0.55 kg/d in order to meet the water quality target of 12 ug/L. This would require an overall
reduction of 40% in the total load (including atmospheric, internal, septic, waterfowl, and total watershed load).
As some sources are less controllable than others, the actual reduction to be applied to achieve this goal will
vary by source (see Section 5 TMDL Allocation). A 48% reduction from manageable watershed sources
(excluding the emerging wetland sections of Robison Pond) would be required to achieve the 12 ug/L target
TP concentration. Alternative loading reduction scenarios are discussed further in Section 6.0 below.
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Table 4-1. Robinson Pond Total Phosphorus Annual Load Reduction at Target Criteria of 12 pg/L.

Target TP | Current TP
Loading Loading Reduction

TP INPUTS (kglyr) (kglyr) (%)
Atmospheric 8.9 8.9
Internal 2.3 2.3
Waterfowl 2.8 2.8
Septic System 3.8 3.8
Watershed Load- Launch Brook 15.8 304 48%
Watershed Load- Howard Brook 9.5 18.3 48%
Watershed Load- Direct Drainage 18.9 36.0 48%
Watershed Load- Direct Drainage Near Juniper 4.4 8.5 48%
Watershed Load- Direct Drainage near Robinson Rd 1.9 3.6 48%
Watershed Load- North Wetland 0.3 0.3 0%
Watershed Load- South Wetland 0.3 0.3 0%
Total 68.9 115.2 40%
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4.7 TMDL Development Summary

There is currently no numerical water quality standard for TP in the State of New Hampshire. However, the
relationship between TP and algal biomass is well documented in scientific literature. This TMDL was
therefore developed for TP and is designed to protect Robinson Pond and its designated uses impacted by
excessive chl a concentrations, low dissolved oxygen saturation, and presence of potentially hepatotoxic
cyanobacteria.

To derive the numerical TP target concentration of 12 ug/L criteria, AECOM, the NHDES and EPA considered
the following options: (1) examination of the distribution of TP concentrations in impaired and unimpaired lakes
in New Hampshire; (2) use of nutrient levels for commonly-accepted trophic levels; and (3) use of probabilistic
equations to establish targets to reduce risk of adverse conditions. All three approaches yield a similar target
value. Because the first option uses data from New Hampshire lakes, it is viewed as the primary target setting
method. The other two methods confirm the result of the first method, a target of 12 ug/L is appropriate. This
target would lead to the desired low probability of algal blooms and a mean chl a level that supports all
expected lake uses while incorporating a margin of safety (discussed in Section 5.2). Additional information
regarding the three above listed approaches is documented in Appendix A.

In conclusion, water quality was linked to TP loading by:

e Choosing a preliminary target in-lake TP level, based on historic state-wide and in-lake water quality
data, best professional judgment, and through consultation with NHDES and US EPA sufficient to
attain water quality standards and support designated uses. The preliminary in-lake TP concentration
target is 12 pg/L.

e Using the mean of five empirical models that link in-lake TP concentration and load, calibrated to lake-
specific conditions, to estimate the load responsible for observed in-lake TP concentrations.

e Determining the overall mean annual in-lake TP concentration from those models, given that the
observed in-lake concentrations may represent only a portion of the year or a specific location within
the lake.

e Using the predicted mean annual in-lake TP concentration to predict Secchi disk transparency, chl a
concentration and algal bloom frequency.

e Using the aforementioned empirical models to determine the TP load reduction needed to meet the
numeric concentration target.

e Using a GIS-based spreadsheet model to provide a relative estimate of loads from watershed land
areas and uses under current and various projected scenarios to assist stakeholders in developing TP
reduction strategies.

Documentation of the model approach is presented in Appendix B. This approach is viewed as combining an
appropriate level of modeling with the available water quality and watershed data to generate a reasonably
reliable estimate of TP loading and concentration under historic, current, and potential future conditions. It
offers a rational estimate of the direction and magnitude of change necessary to support the designated uses
protected by New Hampshire.
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5.0 TMDL Allocation

The allocations for the Robinson Pond TMDL are expressed as both annual loads and daily loads. However,
annual loads better align with the design and implementation of watershed and lake management strategies.
The TMDL requires an allocation of the total load of the resource. The allocation includes a waste load
allocation (WLA), load allocation (LA), and margin of safety (MOS). The sum of these allocations is equal to
the target annual load or TMDL for the resource. Each of these allocations is defined in detail in the following
subsections. Seasonal variation is also included in the loading allocations.

The equation for the Robinson Pond TMDL analysis is as follows:
TMDL = LA + WLA + MOS

In the case of Robinson Pond, the TMDL is equivalent to the target annual load of 68.9 kg/yr. Allocations of
this load are described below.

5.1 Wasteload Allocations (WLAs) and Load Allocations (LAs)

Wasteload allocations identify the portion of the loading capacity that is allocated to point sources and load
allocations identify the portion of the loading capacity that is allocated to nonpoint sources and natural
background. Point sources in this watershed include stormwater outfalls and stormwater runoff from present
or future construction activities. The entire watershed is covered by municipal separate storm sewer systems
(MS4) (see Table 5-1 and Figure 5-1). Nonpoint sources may include diffuse stormwater runoff, surface water
base flow (including groundwater seepage), septic systems, internal recycling, waterfowl, and atmospheric
deposition. The real challenge in splitting out point sources from nonpoint sources resides with the available
data. In order to accurately develop allocations for these two categories of sources it is essential to have not
only a complete accounting of each point source, but also a delineation of the associated drainage area and
an estimate of existing pollutant loading. Generating this loading estimate is further compounded by the fact
that stormwater discharges are highly variable in frequency, duration, and quality. Because sufficient
information at the parcel level was simply not available in this watershed, it is infeasible to draw a distinction
between stormwater from existing or future regulated point sources, non-regulated point sources, and nonpoint
sources. Therefore, a single wasteload allocation (WLA) has been set for the entire watershed, which includes
both point and nonpoint sources (Table 6-1). This allocation is also expressed as a percent reduction (Table
6-1). This is the reduction needed from all controllable sources in order to ensure that designated uses are
fully supported in this waterbody.

5.2 Margin of Safety (MOS)

An MOS in this TMDL accounts for substantial uncertainty in inputs to the models. In addition, the empirical
equations used to predict in-lake TP concentrations, mean and maximum chl a, SDT, and bloom probability
also introduces variability into the predictions described in Section 3.5. See Appendix A for a discussion of the
MQOS for each of the three approaches used to set the target.
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Figure 5-1. MS4 Urbanized Areas in Robinson Pond Watershed.
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Table 5-1. MS4 and Non-MS4 Areas within the Robinson Pond Watershed.

ha %
MS4 Area 501 100%
Non-MS4 Area 0 0%
Total Robinson Pond Watershed Area 501
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6.0 Evaluation of Alternative Loading Scenarios

The ENSR-LRM model was used to evaluate a number of alternative loading scenarios and the probable lake
response to these loadings. These scenarios included:

e Current Loading

¢ Natural Environmental Background Loading

e Removal of Septic Load

e Removal of Internal Load

¢ Reduction of Watershed Loads to Meet 12 ug/L Target
The current loading scenario is discussed above in Section 3.0. Each scenario described below represents a
change from the current loading scenario. The discussion of each scenario includes only the portions of the
current loading scenario that were altered for the specific simulation. A comparison of the results of each of

the alternative scenarios is presented in Tables 6-1 and 6-2. More detailed model output can be found in
Tables C-10 to C-13 in Appendix C.
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Table 6-1. Comparison of Phosphorus Loading Scenarios for Robinson Pond.

N Current Target Load to
atural L Current Load -
Current Load Environmental .oad without Obtain 12 ug/L
Inputs without In-lake
(kglyr) Background Sebtic Load Internal Load c trati
(kglyr) eptic Loa (kglyr) oncentration
(kglyr) (kglyr)
Atmospheric 8.9 8.9 8.9 8.9 8.9
Internal 2.3 0.0 2.3 0.0 2.3
Waterfowl 2.8 1.4 2.8 2.8 2.8
Septic System 3.8 0.0 0.0 3.8 3.8
Watershed Load- Launch Brook 304 9.7 304 304 15.8
Watershed Load- Howard Brook 18.3 7.2 18.3 18.3 9.5
Watershed Load- Direct Drainage 36.0 141 36.0 36.0 18.9
Watershed Load- Direct Drainage Near Juniper 8.5 3.0 8.5 8.5 4.4
Watershed Load- Direct Drainage near Robinson Rd 3.6 1.4 3.6 3.6 1.9
Watershed Load- North Wetland 0.3 0.3 0.3 0.3 0.3
Watershed Load- South Wetland 0.3 0.3 0.3 0.3 0.3
Total Load (All Sources) 115.2 46.4 111.4 112.9 68.9
Total Overall Load Reduction 0.0 68.8 3.8 2.3 46.3
Percent Overall Reduction 0% 60% 3% 2% 40%
Total Watershed 97.4 36.1 97.4 97.4 51.1
Total Watershed Reduction* 0 61.3 0.0 0.0 46.3
Percent Watershed Reduction* 0% 63% 0% 0% 48%

*Watershed reduction does not include the emerging North Wetland and South Wetland.
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Table 6-2. Lake Water Quality Response to Different Loading Scenarios for Robinson Pond.

Natural Current Load Current Load I)?;tg?t I;gad ;E
Parameters Current Load Environmental without without Internal Tm ug
Background Septic Load Load n-lake
g p c
oncentration
TP Load (kg/yr) 115.2 46.4 1114 112.9 68.9
Mean Annual TP (ug/L) 201 7.9 19.5 19.7 12
Mean Secchi Disk Transparency (m) 2.3 4.7 24 24 3.4
Mean Chlorophyll a (ug/L) 7.5 2.1 7.2 7.3 3.8
Peak Chlorophyll a (ug/L) 25.9 8.1 24.9 25.2 13.8
Probability of Summer Bloom (Chl a > 15 ug/L) 5.1% 0.0% 4.3% 4.5% 0.1%
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6.1  Natural Environmental Background Phosphorus Loading

Natural environmental background levels of TP in the lake were evaluated using the ENSR-LRM model.
Natural background was defined as background TP loading from non-anthropogenic sources. Hence, land
uses in the watershed were set to its assumed “natural” state of forests and wetlands. Loading was then
calculated using the ENSR-LRM model as described above. This estimate is useful as it sets a realistic lower
bound of TP loading and in-lake concentrations possible for Robinson Pond. Loadings and target
concentrations below these levels are very unlikely to be achieved.

The internal TP load, and septic loads were removed and all developed land was converted to forests. The
developed land was split into mixed, deciduous, and coniferous forest categories in the same percentages as
the current watershed forest composition. Wetland areas were not changed because it was assumed no
wetland had been lost due to development. Waterfowl population was reduced by 50% because the
population was assumed to be elevated due to anthropogenic influence (i.e. feeding). Background TP loads
under this scenario were 46.4 kg/yr total (Table 6-1, Table 6-2). The calculated background loading of TP to
Robinson Pond would result in a mean in-lake TP concentration of 7.9 ug/L, a mean Secchi Disk transparency
of 4.7 m, and a bloom probability of chl a > 15 pg/L of 0%. Estimated TP loading to the lake under this
scenario is 60% lower than current loads to the lake. The lake would support designated uses under this
scenario as in-lake predicted TP concentrations (7.9 ug/L) are well below the target value (12 ug/L).

6.2 Septic System Load Removal

This scenario involved removal of the septic loads only. It is a reasonable approximation of what would occur
if the lake were sewered or all existing septic systems exported TP at a negligible concentration. Under this
scenario, total loading is decreased by 3% over current loading and would likely not support designated uses.
Removal of all septic sources would likely be costly and not substantially impact the lake. However, our
analysis did not account for actively failing septic systems. Such systems may have localized impacts on TP
and should be addressed as they are discovered.
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6.3 Internal Load Removal

Robinson Pond currently experiences low hypolimnetic DO during the summer. These conditions allow TP
release from the sediments to the hypolimnion, elevating TP concentrations in the water column. Mixing
events move this TP up in the water column where it is available for algal growth. Under this scenario, internal
loading is removed as a source of TP. Total loading is reduced by 2% under this scenario. Just addressing
internal loading would not be sufficient for Robinson Pond to support its designated uses.

6.4 Reduction of Watershed Loads to Meet In-lake Target of 12 ng/L

This scenario focuses on reducing the largest sources of TP to Robinson Pond, which are the watershed
loads. Under this scenario, watershed TP loads were iteratively reduced until predicted in-lake concentrations
met the 12 pg/L target. A reduction of 48% (46.4 kg/yr) of the loads from the Launch Brook, Howard Brook,
Direct Drainage-Juniper Brook, Direct Drainage-Robinson Road, and Direct Drainage subwatersheds would be
required to meet the annual load of 46.4 kg/yr related to the TMDL. These reductions apply to both the WLA
(MS4 areas) and LA. A reduction of 48% should be technologically achievable as it is less than the maximum
estimated achievable reduction of approximately 60-70% (Center for Watershed Protection, 2000). Although a
reduction in internal loading may eventually occur as a result of a watershed load reduction, the timing and
extent of this potential reduction is unknown. If watershed load reduction resulted in elimination of the internal
loading to Robinson Pond, in-lake concentration might be further reduced by <1 pg/L. This scenario
represents the allocation that will be most realistic to implement and improve Robinson Pond to the point
where it will support its designated uses. Loads associated with this scenario are presented in Table 6-1 and
predicted in-lake concentrations and bloom probabilities are presented in Table 6-2. Conceptual
implementation guidance for watershed control is provided in Section 7.0. This load reduction scenario is
expected to result in Robinson Pond supporting the use of primary contact recreation based on meeting
criteria for chl a, cyanobacteria and DO.
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7.0 Implementation Plan

The following TP control implementation plan provides recommendations for future BMP work and necessary
water quality improvements. The recommendations are intended to provide options of potential watershed
and lake management strategies that can improve water quality to meet target loads. Note that providing a
comprehensive diagnostic/feasibility study is beyond the scope of this report, but we have attempted to narrow
the range of management options in accordance with known loading issues and desired loading reductions.

The successful implementation of this TMDL will be based on compliance with water quality criteria for DO,
planktonic chl a, and cyanobacteria scums, and not on meeting the TP reduction target (40%). It is anticipated
that TP reductions associated with this TMDL will be conducted in phases.

As discussed in Section 3.3, watershed TP loading is the predominant source (85%) of TP to Robinson Pond.
Septic systems and internal TP recycling also contribute to the total load, but if these sources were removed
the annual TP load would be reduced only by 3% and 2%, respectively (Sections 6.2 and 6.3, Table 6-1).
Removal of waterfowl would result in only a 2% decrease in the TP loading to the lake. For the target
scenario, only watershed sources were reduced because of the minimal effect of reducing septic, internal
loading, and waterfowl loads. Implementing BMPs to reduce the watershed load is the most effective strategy
to reduce the TP loading into Robinson Pond in order to attain an in-lake TP concentration of 12 pg/L.
Reduction of the watershed load may ultimately reduce the internal load, but as the internal load is small, this
does not provide a large additional reduction.

Experience suggests that aggressive implementation of watershed BMPs may result in a maximum practical
TP loading reduction of 60-70%. Greater reductions are possible, but consideration of costs, space
requirements, and legal ramifications (e.g., land acquisitions, jurisdictional issues), limit attainment of such
reductions. Most techniques applied in a practical manner do not yield >60% reductions in TP loads (Center of
Watershed Protection, 2000). Better results may be possible with widespread application of low impact
development techniques, as these reduce post-development volume of runoff as well as improve its quality,
but there is not enough of a track record yet to generalize attainable results on a watershed basis.

The actual reduction in watershed loading necessary to meet the 12 pg/L limit is 48%, and it is assumed that
this reduction would be obtained mainly from the runoff portion of the load. This level of reduction is not
beyond the practical maximum suggested by Center of Watershed Protection (2000), so it is likely achievable
with very aggressive action. Implementation would be phased in over a period of several years, with
monitoring and adjustment as necessary.

There are a number of BMPs that could appropriately be implemented in the Robinson Pond watershed (Table
7-1). BMPs fall into three main functional groups: 1) Recharge / Infiltration Practices, 2) Low Impact
Development Practices, and 3) Extended Detention Practices. The table lists the practices, the pollutants
typically removed and the degree of effectiveness for each type of BMP. Specific information on the BMPs is
well summarized by the Center for Watershed Protection (2000).

Some of these practices may be directly applicable to the Robinson Pond watershed. The natural wetlands in
the watershed naturally function to slow runoff water thereby encouraging infiltration of water and removal of
TP through settling, soil adsorption and plant uptake. These functions should be preserved.

Although agriculture constitutes only a small portion of the watershed (1%), agricultural BMPs should be
considered. Launch Brook is the only subwatershed with agriculture land, which is classified as non-manure
hayland. Hayland does not have a large TP export coefficient, but buffer strips around the fields help to
prevent TP from any fertilizers that may be applied from entering the lake through overland runoff. Likewise,
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maintaining buffers between lawn areas and streams and encouraging minimal use of fertilizers is
recommended. If fertilizer must be used, low or no phosphate fertilizer is recommended for lake protection.

Detention practices can improve the quality of storm water originating from the roadways and developments in
the Robinson Pond watershed. Designing and installing BMPs that encourage infiltration or stormwater
detention would reduce channel erosion and reduce TP concentrations by settling and contact with the soil
prior to entry to the lake.

Retrofitting developed land with low impact designs is a highly desirable option, especially near the lake.
Numerous homes are very close to the lake and provide little or no vegetated buffer. Educational programs
can help raise the awareness of homeowners and inform them how they can alter drainage on their property to
reduce nutrients entering the lake. The Robinson Pond Improvement Council has already received a grant to
create and print educational brochures. Another option to engage the community is through technical
assistance programs, such as BMP training for municipal officials and septic system inspection programs.
Guidelines for evaluating TP export to lakes are found in “Phosphorus Control in Lake Watersheds: A
Technical Guide to Evaluating New Development” (Dennis et al., 1992). Recent guidance for low impact living
on the shoreline, “Landscaping at the Waters Edge: An Ecological Approach”, has been developed by UNH
Cooperative Extension (2007).

Section 319 of the Clean Water Act was established to assist states in nonpoint source control efforts. Under
Section 319, grant money can be used for technical assistance, financial assistance, education training,
technology transfer, demonstration projects and monitoring to assess the success of specific nonpoint source
implementation projects. The 319 grant money can be used only for source control in MS4 permitted areas
when the control exceeds the requirements of the stormwater management plan for the MS4 areas.

US EPA has identified a minimum of nine elements that must be included in a management plan for achieving
improvements in w