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Executive Summary

A Total Maximum Daily Load (TMDL) analysis was conducted for Harvey Lake in Northwood, New Hampshire.
Harvey Lake 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. Harvey Lake is
also listed as impaired for aquatic life use because of low dissolved oxygen concentrations. 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 Harvey Lake supports its designated uses. The analysis suggests that the current loads of
phosphorus to Harvey Lake must be reduced by 49% 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 2006 and 2008 303(d) lists
due to impairment of designated uses by chlorophyll a (chl a), cyanobacteria blooms or dissolved oxygen (DO)
depletion (NH DES, 2006a, 2008). Harvey Lake is included on the 2006 and 2008 lists due to the impairment
of primary contact recreation caused by high chl a concentrations and the presence of hepatotoxic
cyanobacteria. Harvey Lake is also listed as impaired for aquatic life use because of low DO concentrations.
High levels of chl a and 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 the high
chl a, 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 Harvey Lake 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 nonpoint 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 Harvey 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 Environmental Protection Agency's (EPA) protocol for developing nutrient TMDLs (USEPA,
1999). The main objectives of this TMDL report include the following:

e Describe water body, standards and numeric target value;

o Describe potential sources and estimate the existing TP loading to the lake;
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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

Harvey Lake (NHLAK700060502-05) is located in Northwood, New Hampshire and is within the Merrimack
River Basin (Figure 2-1). The 47-hectare (ha) lake has a maximum depth of 6.1 meters (m) and a mean depth
of 2.6 m (NH DES, 2007). The lake volume is 1,212,427 cubic meters (m3) with a flushing rate of
approximately three times per year. The watershed area is 497 ha and is entirely within the Town of
Northwood. The Town of Northwood has 3,200 year-round residents and approximately 6,000 seasonal
residents (Town of Northwood, 2007). Harvey Lake is a warm water fishery with bullhead (/ctalurus sp.), white
perch (Morone americana), yellow perch (Perca flavescens), pumpkinseed sunfish (Lepomis gibbosus) and
largemouth bass (Micropterus salmoides) as the most common species (NH Fish and Game, 2007). Select
characteristics of Harvey Lake and its watershed are presented in Table 2-1.

Table 2-1. Characteristics of Harvey Lake, Northwood, NH.*

Parameter Value
Lake Area (ha) 47
Lake Volume (m°®) 1,212,427
Watershed Area (ha) 497
Watershed/Lake Area 11
Mean Depth (m, ft) 2.6,85
Max Depth (m, ft) 6.1, 20
Flushing Rate (yr") 2.8
Epilimnetic TP (ug/L mean, range) 19, 8-57
Hypolimnetic TP (ug/L mean, range) 33, 15-65
Tributary TP (ug/L mean, range) 52, 17-152
Epilimnion TN: TP Ratio 23
Primary Contact Recreation: Chlorophyll a (5-P),
Impaired Uses and Causes of Hepi}otoxi'c cyanobac'teria (_5'M)’
Impairment** ' quatic Life /mpglrment. .
Dissolved Oxygen Saturation (5-M); Source
Unknown
Hypolimnetic Anoxia Yes

*Water quality statistics are calculated from 1996-2006 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. Harvey Lake Location and Bathymetry.
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The New Hampshire Department of Environmental Services (NH DES) conducted water quality monitoring of
Harvey Lake in 1977, 1990, and 2006 for Lake Trophic Studies. The Volunteer Lake Assessment Program
(VLAP) began in 1995 and continues to the present day (NH DES, 2006b). The mean, median and range of
selected water quality parameters from each sampling location from the most recent data set available (2003-
2006) are summarized in Table 2-2. The hypolimnion has low DO concentrations (< 1 mg/L) at depths below
4-5 m during the summer. Secchi disk transparencies (SDT) are also low, ranging from 1.2 to 2.3 m with a
mean of 1.8 m. Cyanobacteria blooms containing hepatotoxic microcystins in summer have been observed;
chl a concentrations over this time period range from 5-34 ng/L. TP concentrations in the epilimnion range
from 12 to 28 pg/L with a mean of 19 pg/L. Hypolimnetic TP concentrations range from 21 to 65 ug/L with a
mean of 36 ug/L. The higher mean hypolimnetic TP concentrations suggest that there is sediment release of
TP during stratification in the summer. Linear regression analysis of water quality data collected since 1995 by
NH DES (2006b) shows that summer composite chl a concentrations have significantly (p<0.05) increased by
7.9% from 1995 to 2006. SDT significantly (p<0.05) decreased 4.1% from 1995 to 2006. Both of these
measures suggest that water quality has declined somewhat in recent years.

Table 2-2. Lake Summer Water Quality Summary Table 2003-2006.

Southern Outlet-
Epi Meta Hypo Chl Tucker Watershed Kelsey
TP TP TP a* SDT DO** Brook TP  Inlet TP***  Brook TP
Statistic  (ug/L) (pg/l) (ug/l) (pg/l) (m) (mgl/L) (ng/L) (ng/Ll) (ng/Ll)
n 12 1 11 11 11 39 10 3 9
Minimum 12 21 21 5 1.2 0.09 24 18 18
Mean 19 21 36 15 1.8 4.15 36 31 29
Maximum 28 21 65 34 2.3 8.38 52 51 48
Median 19 21 30 14 1.8 4.17 36 23 29

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

* Uncorrected for phaeophytin

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

*** Stations labeled “Wetland Inlet” and “Inlet 2” were both assumed to represent this station

2.2 Designated Uses

Harvey Lake 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-
A:8, Class B waters, “shall be of the second highest quality.” These waters are considered acceptable for
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).
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Table 2-3. Designated Uses for New Hampshire Surface Waters.

Designated Use

NH DES 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.

23
The New Hampshire State Water Quality Standards for nutrients in Class B waters (Env-Wq 1703.14) are:

Applicable Water Quality Standards

(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.
(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.
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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 DES policy for interim nutrient threshold for primary contact recreation (i.e. swimming) in NH lakes is 15
ng/L chl a (NHDES 2005). 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.

2.4 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:

o 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;

e 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

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

2.5 Priority Ranking and Pollutant of Concern

Harvey Lake (NHLAK700060502-05) is listed on the 2006 and 2008 303(d) list as having an aquatic life use
impairment due to low DO concentrations and primary contact recreation use impairment due to excessive chl
a and the presence of hepatotoxic microcystins (NHDES, 2006, 2008b). Harvey Lake periodically experiences
high concentrations of chl a as well as cyanobacteria blooms in summer. Harvey Lake is listed by the DES as
a low 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” (NH DES 2008a). The final ranking takes into account public interest/support, availability of
resources for development, administrative or legal factors, and likelihood of implementation. When the 2006
and 2008 303(d) lists were prepared, it was unknown if funding would be available for development of this
TMDL; consequently it was given a low ranking at the time. Designated use impairment is also ranked.
Harvey Lake is listed as marginally impaired (category 5-M) for aquatic life due to low DO saturation. Primary
contact recreation is listed as marginally impaired due to hepatotoxic cyanobacteria and severely impaired
(category 5-P) due to chl a levels. ltis likely that the impairments observed in Harvey Lake are attributable to
nutrient enrichment, specifically TP. Control of TP sources to Harvey Lake 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 value (e.g., in-lake
concentrations) for determining acceptable watershed nutrient loads. The suggested TP values are described
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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 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 Harvey Lake is 12 pg/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 Harvey Lake to support its designated uses. 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 Harvey Lake 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 Direct groundwater seepage including septic system inputs from shorefront residences and Coe
Brown Academy

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.

The watershed of Harvey Lake was divided into three sub-watersheds based on tributary inputs and
topography (Figure 3-1). These basins include the Tucker Brook sub-watershed, the Southern Tributary sub-
watershed and the Harvey Lake direct drainage. 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
tributary monitoring if available. If no tributary data were available or current, then the attenuation factor was
based on the slope, soils, and wetland attenuation. 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 against 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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Figure 3-1. Harvey Lake watershed land use.
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3.1 Hydrologic Inputs and Water Loading

Calculating TP loads to Harvey Lake 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
Harvey Lake watershed, 44 in (1.13 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 the output
calculated from 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). The
water load was attenuated (reduced) 20% in order to account for the presence of wetland complexes in all of
the sub-watersheds and achieve better agreement with the standard water yield for New England. 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. Harvey Lake Water Budget.

Source m’lyr
Atmospheric 525,182
Watershed Runoff 1,305,600
Watershed Baseflow 1,620,098
Total 3,450,879

3.2  Nutrient Inputs

Land Use Export

The Harvey Lake 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 Harvey Lake are described below.

Areal land use estimates were generated from land use and land cover GIS data layers from NH
GRANIT. For Harvey Lake, the data sources are: 1998 Rockingham County Land Use 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. Appendix C 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.

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 Harvey Lake and the source(s) for each export coefficient.

Areal loading estimates were attenuated within the model based on natural features, such as porous
soils, wetlands or anthropogenic sources such as implemented physical BMPs that would decrease
loading. The entire Harvey Lake watershed has relatively sandy, highly permeable soils. These soils
will encourage water infiltration and adsorption of TP to soil particles. Both of the major tributaries to
Harvey Lake have extensive associated wetlands. These wetlands are expected to spread the flow
and encourage water infiltration, settling and adsorption of TP. A TP attenuation factor of 20% was
applied to the Tucker Brook subwatershed meaning that 80% of the generated TP load is actually
delivered to the lake. A TP attenuation factor of 25% was applied to the southern sub-watershed and
a 5% TP attenuation factor was applied to Direct Drainage. The attenuation factor for Tucker Brook
was derived from calibrating sub-watershed loads to mean observed tributary TP data. Tucker Brook
was the only tributary with an adequate sample size of TP data (n=10) for 2003-2006. The attenuation
factors of the other two subwatersheds were determined by the placement of wetlands in the sub
watershed and using professional judgment.

Annual areal loading of TP from the watershed (Tucker, South and Direct Drainage) is estimated to be 121
kg/yr which represents 87% of the total load to the lake.
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Table 3-2. Land Use Categories by Harvey Lake Sub-watersheds.

Area (Hectares)

Direct Tucker Brook
Drainage Subwatershed Southern Watershed
Urban 1 (Low Density Residential) 14.5 17.9 4.6
Urban 2 (Mid-Density Residential/Commercial) 6.4 21.2 0.0
Urban 3 (Roads) 3.7 3.9 0.8
Agric 4 (Hayland) 0.0 11.5 19.6
Forest 1 (Deciduous) 1.0 57.9 7.2
Forest 2 (Non-Deciduous) 5.1 11.9 11.2
Forest 3 (Mixed Forest) 35.0 155.1 30.2
Forest 4 (Wetland) 7.6 17.7 12.8
Open 1 (Wetland / Lake) 1.7 247 0.2
Open 3 (Bare/Open) 0.0 0.0 13.8
TOTAL 75.1 321.9 100.5
Final TMDL Report for Harvey Lake 3-3 January 2011




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 22 ug/L is similar to the mean concentration (25 pg/L) observed in rainfall in Concord, NH
(NH DES, 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 Harvey Lake was estimated to be 11.7 kg/yr or 8% of the total load.

Internal Loading

Internal loading of TP to Harvey Lake was estimated using 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 ana