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Executive Summary

The Lake Loading Response Model (LLRM3timats the water budget and phosphorus load to Kezar Lake
based on land uses, population estimaggscipitation, waterfowl, and watershed boundaries. The model is in the
form of two large Excel spreadsheets, one for upper basin and one for lower basineldp tler model, new

data were created, including detailed subwatershed boundaries, a land use layer, estimates of lake average dept
and total volume, and estimates of new and old septic system based on US Census data. Key results:

1 Landscaperunoff was esimated as the largest source of phosphorus to the lakat64% for the upper
basin, and 74% for the lower basin when the upper basin sources were factored in (of which 48% comes
from lower basin watershed).
1 Rain falling directly on the lake surface was tle second largest sourcat 18% for the upper basin and
13% for the lower basin.
1 Septic systems were the third largest sourcat 16% for the upper basin and 10% for the lower basin
(4% of which is from the lower basin watershed).
1 Waterfowl were a very sniiaource at 2% or less.
9 Upper basinprovide4 0 % of | ower basinbs phosphorus.

Many years of data show thidezar Lake has high water qualiagnd low nutrient leval compared to many other

Maine lkakes.The long term trend for Kezar Lake has shown little to no change in water quality up to the present
time. However, population and developed land continue to increase, which tends to put pressure on lake water
quality. It is important for Kezar Lake wateeshresidents to be attentive to lake protection efforts to ensure that
Kezar Lake remains a high quality gem.

Using the results from the model and methods wused
capacity for phosphorus was estimatdgding a target phosphorus concentration that is protective of lake quality
resultsshow that 10% too much phosphorus is entering lower basinTo protect lower basin, phosphorus
sources should be reduced in the entire watershed (upper and lower basiphoRI®seductions can be
accomplished by preventing erosion, using phospinaée detergents, and ensuring that all septic systems are
functioning properlyGeographically, the most important areas to reduce phosphorus loading are (in order):

Along the shee of Kezar Lake (both basins)
Farrington Pond subwatershed

Coffin Brook subwatershed

Bradley Brooksubwatershed

Boulder Brooksubwatershed

Cold Brooksubwatershed

=A =4 =4 -4 -4 =9

Empirical water quality data were used to calibrate the model, meaning that loading esteraedjusted to

match available data. There are no empirical data for several large subwatersheds including Bradley Brook, Cold
Brook, and Coffin Brook. In addition, there was an apparently large difference in the ability of Great Brook and
Boulder Brod to attenuate phosphorus. This could be due to real ecological differences between the streams, or it
could be caused by imperfect data. Measugphosphorus concentrationgor in these currently unmonitored
streams would be valuable to better underding nutrient loading.

FB Environmental Associates, Inc. 1
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Introduction

Environmental modeling is the process of using mathematics to represent the naturdVlaaeld.are created to
explain how a natural system works, to study cause and effect, or to make predictions undescanass.
Environmental models range from very simple equations that can be solved with pen and paper, to highly
complex computer softwamn@quiring teams of people to operaide Lake Loading Response Model (LLRM)
consists of arExcel spreadsheesingenvironmental datéo develop a water arghosphorus loadingudget for

lakes and their tributaries The modelmakes predictions about chlorophgllconcentrations an8ecchidisk
transparencyWater and phosphorus loadi& the form of mass andconcentration) are traceftiom various
sourcesdn the watershedhrough tributary basingndinto the lake Since themodel is spreadshebasedit uses
numbers rather than maps inputs and dputs However it requires detailechformation about théype ofland

uses in the watershedls inputs, which in essence requires mapping as part widtelingprocess

Models such as the LLRMIlay a key role in the watershed planning proceBse U.S. Environmental Protection
Agency (EPA)requires that a Watsehed Based Plan be created for communities to be eligible for watershed
assistance grants. EPA guidelines for Watershed BasedrBtarise that botlpollutantloads from the watershed,

and the assimilative capacity of the waterbody be estimateBM hasalsobeen applied to a total of 30 lakes in
New Hampshire foiTotal TMDL development and 2 lakes for watershed plannifimisquamand Granite)lt

has been applied for similar purposes to a number of other lakes and watersheds across thé& lueliotay.
Maximum Daily Load for Forest LakéNH (AECOM et al, 2011)is cited in particularsince it contains as an
appendix a thorough guidance document to the LLRM

The purpose of this modeling reporttis describe the process hwhich FB Environmental KBE) estimated
phosphorudoadsfor Kezar Lake, as well as an explanation of the modeling resarttd limitations The final
outcomeof this model will be used in thiarger context of watershed management planning to identify current
and future pollution sources to estimate pollution limits and water quality goadésd toguide watershed
improvement projects.

FB Environmental Associates, Inc. 2
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Methods

LAKE LOADING RESPONSEM ODEL

The Lake Loading Response Model (LLRbYnsists of a large Excel spreadsheet that usesidatdland cover,
watershed boundaries, point sources, septic systems, watedmfd)l, and an estimate of internal lake loading,
combined with many coefficients and equations from scientific literature on lakes and nutrient Thelend

result isa water and phosphas loading budget for lakeand their tributaries. The model was originally
developed as a university level teaching tool, and has been formerly kn@&HEBMOD and ENSR.RM. It

has evolved over the years to incorporate new research on lake managereaitti@ key benefits of the model

is its transparency. All equations in the modeling process are carried out by straightforward spreadsheet equations,
and(with some patiencevery result, and every intermediate calculation to obtain that reanlbetraced from

start to finishby visual inspectionThere is no use of programming @paquei b e hi nd t he scene
processing.

DATA INPUTS

The LLRM requires many inputs @broad range of environmental conditistoésalculate water ahphosphorus
loads for the lakeThe accuracy of thesaput parameers has direct bearing on the validity of the final load
estimateslt is fortunate that there ishastory ofdetailed water quality monitoring data fidezar Lake, which
contributes greatly to the med

Watershed and Drainage Basins Boundaries

Watershed and tributary drainage basin boundaries are needed to calculate both the amount of wagtirtdlowin
the tributaries and the lakas well as helpingetermine what the various land usesthat corributeto nutrient
loadingin the watershedA significant amount of effort went into creating a revised shapefileabérshed and
drainage basin boundari&s this modelusing Geographic Information Systems (GI8he following source of
data were cosulted tocreatethis file:

1 Existing watershedhapof KezarLake provided by Kezar Lakes Watershed Association (KLWA) to FBE

in 2012

1 Subwatershed magf thesix ponds located within the Kezar Lake watershedyided by KLWA to FBE
in 2012

1 Two foot vector ontours (elevation) for the towns of Lovell, Stoneh&tgw and Mason Townshipom
ME Office of GIS, 2012

91 Digital Elevation Model GIS layer from ME Office of GIS, 2012

1 Hydrography (streams, lakes, watersheds) layer 1&6S,2012

1 ME Land CovemDatalayer from ME Office of GIS, 2004

1 Lake Depth Soundings data layer from ME Office of GIS, 2011.

FBE delineate@dditionalsubwatersheds using contour vectors, and the digital elevation nxdglArcMap 9.3
software Subwatersheds were created farcke major tributary, and existing subwatersheds for ponds were
retained. In the future, it might make sense to simplify the subwatershed map to eliminate very small
subwatersheds in conservation areas (e.g., Mud Pond and Little PbedgvisedKezarLake subwatershed map
developed for this modeling project is shown in Figur&Hefinal GIS shapefile was provided the Kezar Lake
Watershed AssociatiofikLWA) .

FB Environmental Associates, Inc. 3
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Figure 1. Kezar Lake watershed and tributary drainage basins
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LandUse

Land use isan essential elemenin the Lake Loading Response Mod&lLRM) in determining how much
phosphorus is being contributed toethake via stormwater runoff. Significamhodding effort went into
reviewingandrefining the land use data.

The 2004 ME land covedatawere modified in ArcGIS base@011 NAIP Aerial Imagery, National Wetlands
Inventory NWI) dataas well as knowledggainedfrom watershedisits by FBEnvironmental (FBEYuring lake

and stream sampling in recemars The purpose ofhese modifications was to update the existing land use data

and to match the land use categories in2t@4 ME Land Cover Dati those used in the modé&lhe 2004ME

land cover data codedgygriculturea s |fitciuv at ed ¢ r o p&Therecaredifférenaesit phosghbrlisa y .
loading between pasture and hayfieldsy every example of thisand usecategory was reviewedsing aerial

photos to distinguishbetween pasture and hayfielddRow crop® i n t hhas thadighest level of
phosphorus exporgnd was likewise reviewed very carefully for accurdieyaddition, there were significant land

use edits made to areas where new development has occurred since 2004. In many cases in the Kezar Lake
watershed, new house lots, residential developments) ddselopment, and associatéel/elopmentvere coded

as forest land. These features were added to the land cover layer through reviewing aerial Avpgatgracre

area of #AUrban 10 (l ow density resi daehiidalh) owa sii Uarb
(roads) was created along each ro@ldese steps ensured that each building and road would have at least a
minimum land use area associated with it, though many buildings and roads were already correctly coded in the
land use layelf-igure2 depicts the final land uggpesthroughout the watershed.

FB Environmental Associates, Inc. 5
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Within the LLRM, an export coefficient is assigned to each land taseepresentypical concentrations of
phosphorus in runoff from those land use typisosphorus export coefficients are based on results obtained by
various resaahers over the past several decades and published in scientific and technical jommalsaged
forested land, for example, tendsdigliver very little phophorus downstream when it rainghile row crops and

high density urban land expasignificanty more phosphorus due to fertilizer ussil erosion,car and factory
exhaust, pet waste, and many other sourBewmller amounts of phosphorus are also expottethkes and
streamgduring dry weather under base flow conditiohable 1presents the expiocoefficients for each land use
category useth the model, along with the total land use area by categotiidarpper and lower basins of Kezar
Lakeas hectares (ha) and percentage of.t@aé hectare isquivalent td2.5 acres.

Table 1: Land use phosphorus export coefficiemd averall lake watershed areas

Runoff Baseflow Kezar Lake Kezar Lake
P Export P Export Upper Basirs Lower Basin
Coefficient ~ Coefficient Area Area
LAND USE (kg/halyry (kg/halyry (ha) (%) (ha) (%)
Urban 1 (Low Density Residential) 0.9 0.01 196 3% 27.3 9%
Urban 2 (Mid Density
Residential/Commercial) 11 0.01 29 <1% 185 6%
Urban 3 (Roads) 1.1 0.01 43 1% 17.4 6%
Urban 4 (Industrial) 1.1 0.01 0 0% 0.0 0%
Urban 5 (Mowed Fields) 11 0.01 64 1% 36.8 13%
Agriculture 1 (CoverCrop) 0.8 0.01 0 0% 0.0 0%
Agriculture 2 (Row Crop) 2.2 0.01 10 <1% 0.0 0%
Agriculture 3 (Grazing) 0.8 0.01 45 1% 0.0 0%
Agriculture 4 (Hayfield) 0.64 0.01 194 3% 0.0 0%
Forest 1 (Deciduous) 0.15 0.004 1,222 16% 158 5%
Forest 2 (NorDeciduous) 0.093 0.004 1,221  16% 36.4 12%
Forest 3 (Mixed) 0.093 0.004 3,980 52% 76.6 26%
Forest 4 (Wetland) 0.082 0.004 248 3% 2.8 1%
Open 1 (Wetland/Lake) 0.065 0.004 272 4% 60.9 21%
Open 2 (Meadow) 0.2 0.004 13 <1% 0.1 <1%
Open 3(Excavation) 0.8 0.004 91 1% 0.3 <1%
Totals 7,628 100% 293 100%

*1 kg/halyear equals 0.9 Ibs/acre/year

Lake Volume Based drake Depth Soundings

Lake volume isan important modehg component because it indicates the level of dilution of incoming
phosphorus, which in turn helps calculate finallake phosphorusoncentrationsIt also contributes to
calculation ofthe laked flushing rate.Average lake depth was calculated using the 2014 ¢k#pth soundings
GIS layerfrom MEGIS. Thesedata vereused to alculate the volume of each ba&in using the average of all
deph soundings within each basin.

FB Environmental Associates, Inc. 7
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Internal Lake Loading

Phosphorus bound to sediments can enter the lake through tributaries, and settle to the bottom of the lake. This
may occur over time without visible signs sifess to the lake, even if the sedimeéntthe lake bedkventually

contain a large quantityf phosphorusSo long as th@hosphorus remains bound in the sedimimill remain

Al ocked away o0 ausahcelgaecaandapliartsaintlee certaio scenarios, however, this accumulated
phosphorus can be released from the sediment and contribdéketowater quality problemsAnaerobic
conditions (zero dissolved oxygeaf) the bottom of a lakeausegphosphorusgo bechemicallyunbound fronthe
sedimentwhich thendissolves into the water columproviding a food source for algae and other pldntsrnal
phosphorus loading can also result frphysical disturbancef the sedimensuch as by dredging, draggiog

anchors or fishing geaor possiblyheavyboat traffic.

A careful review of theoxygen profiles over the past 3@arswas used to asss the possibility of internal
loadingin Kezar Lake Anoxiaisd e f i ned as Baged oD th&ezanigakel&. Ponds Historical Trend
Analysiswritten by FBE in 2012, potential for internal loagiwithin Kezar Lake is very lown the upper and
middle basins, and intermediate in the lower basin. The posgibflphosphoruseaving sediments in the deepest
areas of the lake and made available for algae uptake jsakowhere are very few instances were dissolved
oxygen falls below 1 mg/L at greaterpiles. However, intermediate potential of internal loading in the lower
basin may be attributed to seasonal changes and shallow dgasesl on thimssessmeninternal loading was
assumed to be zero for the purpose of phosphorus modeling in Kezar Lake.

SepticSystem Loading

Septic system are a source of both water and nutrients to the lake. Water travels through the system, then
continues tanove as groundwateoy subsurface flow above the level of gndwater some of which flows into
tributaries or lakes.

The way septic systems prevent phosphorus from reaching surface waters can be varied, complex, and difficult to
measureGenerally, the scientific literature shows phosphorus reducti@pmfoximately20% can occur in the
septic tank via settlingf solids and between 2399% in the leach field and immediately surrounding soils
(Lombardo 2006Lusk et al. 2011). Factors affecting the ability of septic systems to prevent phosphorus from
entering surface wate include soil and groundwater pH, redox conditions, and mineral composition. In some
cases, septic systems which had been operating for deragdesvere found to retain 85% of the phosphorus
within the first 30 cm of soil (Hartmaat al. 1996, and Zaninet al 199§. Several studies have found that
phosphorus migrates through the soil much slower than other dissolved contaminants in wastedvitat over

a distance of between 10 to 100 meters, phosphorus was reduced to backgrou(lddbeeeisoret al. 1998, and
Weiskel et al. 1992). Weiskelket al.in particular found that the degree of phosphorus reduction was related to
unsaturated infiltration distance, suggesting iiniportantto have septic systems well above the seasonal high
groundwater thle.

Despite the fact that phosphorus migrates through the soil much more slowly than groundwater or other
contaminants, it is still possible that phosphorus may reach surface imatersain casesln unsaturated soils

(i.e., abovethe groundwatertalde), relatively less phosphorus removal is likely in carbonite rich soils, though
reduction of 2660% is still possible. Another scenario which may promote phosphorus migratiorsasdg

aquiferss with relatively rapid groundwater flowthough it is estimted it would take decades to travel typical
setback distances (Lombardo 2006).

FB Environmental Associates, Inc. 8
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The LLRM uses @hosphorusK) attenuation rate from septic systems. Based on the general 85% P retention rate
cited above, newer systems were considered to retain 90% qffhyginos, while older systems were considered to
retain 80%. This is consistent witbsearctshowinga range of failure rates from about 10% to 2@%niniet al

1998 USEPA 2002)

Waterfowl

The average annualumber of waterfowin the watershed werestimated at 10@r the upper basin and 75 for
the lower basin based oron-lake observationsat Kezar Lakeby FBE since 208. Waterfowl can be a direct
source of nutrientto lakes, however, if they are eating from the lake, and their waste returhe take the net
change may be less tharight otherwise be assumelfl in the future a more precisdird census is available,
those numbers can be added to the model easily.

Precipitation

Average annual precipitation was determined¢o48.7in (1.24 m) per year based dNOAA climate normals,
which encompasshirty years of data (1982010) Twenty inches of precipitation per year was subtracted from
the direct precipitation on the lake to account for evaporation (NOAA 1988 adjustment didiot reduce the
estimate foratmospheric deposition gihosphorus however,since evaporating water does not transport the
nutrient away.

Other Data

Many model parameters, such as atmospheric deposition of phosphorus and water yield per unit laack area,
consideredegional in natureAdditional parameters were set as follows:

9 Standard water yield (CFSM) = 1. default value within LLRM
1 Runoff and baseflow export coefficier{fteee above)

9 Direct amospherideposition P export coefficient
1

Water attenuatin for each tributary basiwas set according to guidance within LLRM documentation,
ranging from 0.95or areas with minimal wetlands and no ponds, @d@¥Qributary basins with medium
sized wetlands or ponds, and 0f8bthose with large ponds or watlds (sedable?2).

CALIBRATION

Calibration is the process by which model results are brought into agreement with obseryeshdiasan

essential part of modelindhis process compares model predictitmempirical databtainedfrom many years

of lake and tributary monitoringthen adjusts the model so its results better match empirical dstally,
calibration focuses on the input data with the greatest uncertainty. Changes are made within a Aagsildf

values, and an effort is made to find a realistic explanation among environmental conditions for these changes. In
the case of the Kezar Lake phosphorus loading model, tieeiam and itake phosphorus concentrations were

used as guidepostand phosphorus attenuation factdrsth in the tributary drainages and in the overall model

were adjusted to better match the monitoring datxebycalibrating the model.

FB Environmental Associates, Inc. 9
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Calibrating Tributary Phosphorus Concentrations

The first adjustment point is the-stream phosphorus concentration for each tributary. The LLRM documentation
indicates that typical istream attenuation factors for phosphorus range from 0.9 (10% removal of phosphorus) to
0.5 (50% removal), with loweralues (i.e., more phosphorus removal) associated with large ponds and wetlands
(AECOM et al, 2011) Two tributaries to Kezar Lake, Great Brook and Boulder Brook, have phosphorus data
collected over the paStyears. In addition, Bradley, Cushman, Fartimg Heald, Horseshoe, and Trout ponds all

had inpond phosphorus concentration detdlectedat least #ears, and more than 30 years in the case of Kezar
Lake Meanv al ues for these streams and ponds wercasedktnt er e
adjust the model resultsor several tributaries to Kezar Lake, there were no monitoring data, and a significant
degree of uncertainty remains regarding phosphorus loading in those areas.

FB Environmental has noted thatstream phosphorugvels are typically higher than lake epilimnetic core
sample phosphorus concentrationsNew England Since the model estimates-gtream concentrations, each
available empirical idake concentration was multiplied by 1.33%, and thstieam model pdictions were
calibrated to thissomewhathigher valueldeally, the model would be calibrated to phosphorus concentrations
collected at the outlet of each pond. The compldgigue to the highly nested nature of the watershed (multiple
upstream conflueres of streams and pond&pservations were mader phosphorus attenuation factors in each
tributary watershedThe instream calibration valugglong with relevant data discussed abare, presented
below inTable2.

Calibrating Lake Phosphorus Concentration

The second step in calibrating the model is comparing thekénpredicted total phosphorus concentration with
historical data. Theneanepilimnetic coreT P value for the upper basinGsppb, and for théower basin is 9 ppb,

based on the recently completed historical trends analysis (FBE 2012). The trends analysis encompassed dat:
from 19722011, with station Lisedfor the upper basin and station 3 ftive lower basin. Note that the range of
valuesoverthis time periodor both basins was quite high, at 3 to 19 pphttierupper basin and 6 to 29 ppb for
thelower basin Although showing high yedp-year variability, the mean total phosphorus value was stable over
time.

For boththe upper and lower bag the uncalibrated Hake model predictions were well within the range of
historical observations. An overall calibration coefficient was applied in each basin to bring the predicted value in
agreement with the observed mean. For the upper basin, eall @adibration coefficient of 0.57 brought the
uncalibrated prediction of 9.22 ppb to the observed meamOgigh. For the lower basin, an overadilibration
coefficient of 1.3%rought the uncalibrated prediction of 8.15 ppb to the observed medhppi®

FB Environmental Associates, Inc. 10
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Table 2: Tributaries, attenuation factorsmodeled phosphorusoncentration and empirical data on phosphoresncentration Shaded cells indicate
tributary basins without empirical data, and therefore greater uncertainty.

Phosphorus Calibrated Calibrated Empirical Data

Attenuation Attenuation Model Result  Model Result (TP mglL,
Tributary Basin Discharges To Features Factor? (TP kglyear) (TP mg/L) mean)
Boulder Brook Upper Kezar L. Upper Small wetland 0.75 254.8 0.014 0.015
Bradley Pond Upper Heald Pond Large pond 0.40 9.9 0.012 0.009°
Coffin Brook Upper Kezar L. Upper Smallwetland 0.50 77.9 0.016 no data
Cold Brook Upper Kezar L. Upper Medium wetland 0.50 125.0 0.013 no data
Cushman Pond Upper Heald Pond Large pond 0.60 17.2 0.008 0.007°
Great Brook Upper Kezar L. Upper Medium wetland 0.33 145.0 0.007 0.008
Heald Pond Upper Boulder Brook Large pond 0.50 121.6 0.013 0.010°
Direct (upper) Upper Kezar L. Upper Small wetlands 0.60 342.1 0.019 no data
Little Pond Upper Cold Brook Large wetland 0.50 4.0 0.012 no data

& pond

Mud Pond Upper Kezar L. (indirecty  Mcoum wetland 0.60 8.3 0.014 no data

& small pond
Trout Pond Upper Cushman Pond Large pond 0.30 10.1 0.007 0.005°
Bradley Brook Lower Kezar L. Lower Large wetland 0.80 183.4 0.017 no data
Farrington Pond Lower Kezar L. Lower Large pond 0.80 18.8 0.019 0.01%°
Horseshoe Pond Lower Moose Pond Large pond 0.40 26.7 0.010 0.007°
Direct (lower) Lower Kezar L. Lower Small wetlands 0.90 161.6 0.028 no data
Long Meadow Book Lower Kezar L. Lower Large wetland 0.75 37.8 0.017 no data
Moose Pond Lower Bradley Brook Medium wetland 0.75 31.7 0.011 no data
Noah Eastman Lower Bradley Brook Medium pond 0.75 4.9 0.013 no data

! Indicated size of feature is relative to subwatershed size.
% Attenuation factor of 1 means no attenuation, 0 means all phospisatienuated
P Empirical phosphorus data is from epilimnetic core sasfstem pond rather than strearin-stream rodel resultcalibrated133% ofthis pondvalue.
* Attenuation factor outside of the typical 0.5 to 0.9 range indicated in the LLRM documentation.

FB Environmental Associates, Inc.
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Results

LAKE LOADING RESPONSEM ODEL RESULTS

Using GISdepth soundings data (described abptve) volume of Kezar Lakeras calculateds118,975,732 rhfor

the upper basin, ariiD,819,445m° for the lower basinGiventhis lakevolume and the water loading calculated by
LLRM from atmospheric, runoff, and septic system sourttesflushing rate is estimated by the moaebé 0.63
times per yeafor the upper basin, and 8.4itnes per year for the lower basitLRM outputs are entered into a
series of lake models which estimate phosphorus concentration, chloraptgticentration, an@ecchi disk
transparency. The averaggethis series of models is the output of the LLRM model, and is summariZexbie3.
Water and phosphorus loading by category is presentékhlite 4. The results below shoullde considered
preliminary, as outlined in the discussion section below.

Table 3: Pog-calibration total phosphorus, chlorophydl and Secchi transparencyalues forKezar Lake as
predicted by the model (LLRM)

LLRM Upper Basin LLRM Lower Basin
Upper | Trend Analysis | Lower | Trend Analysis
Basin 19712011 Basin 19712011

Total Phosphorus Concentrations (ppb)

Mass Balance 11 11

Mean AnnuaP using KirchnetDillon 1975 5 9

Mean AnnuaP using Vollenweided 975 10

Mean AnnuaP using LarserMercier 1976 6 6.0 (mean) 9 9.0 (mean)

Mean AnnuaP using Jone8achmann 1976 5 9

Mean AnnuaP using Reckhow General 1977 5 7

Mean AnnuaP using Nurnberg 1998 5 8

Average Mean AnnualP 6.0 9.0

Chlorophyll-a Concentrations (pb)

Mean Annual Chh using Carlson 1977 1.2 2.1

Mean Annual Chh Dillon and Rigler 1974 1.0 1.8

Mean Annual Chl Jones and Bachmann 1976 1.1 2.8(mean) 2.0 2.4 (mean)

Mean Annual Chlk Oglesby and Schaffner 197§ 0.5 2.3

Mean Annual Chia Modified Vollenweider 1982| 3.1 4.6

Average Mean Annual Chta 1.4 2.6

Secchi Transparency(m)

Oglesby and Schaffner 1978 (Avg) 5.8 7.6 (mean) 4.3 3.2 (mean)

Modified Vollenweider 1982 (Max) 5.9 5.3

FB Environmental Associates, Inc. 12
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Table4: Kezar Lakdotal phosphorusTP) andwaterloadingsummary

Loads toUpper Basin P TP V\e{ater Water
(kg/year) (%) (m’/year) (%)
Atmospheric 149 18% 5,392,612 %
Internal 0 0% n/a n/a
Waterfowl 20 2% n/a n/a
Septic System 132 16% 117,128 >0.2%
Watershed Load 539 64% 69,856,112 93%
Total Load To Upper Basin 840 100% 75,365,852 100%
Loads toLower Basin P P Water Water
(kg/year) (%) (m’lyear) (%)
Atmospheric 67 6% 2,408,215 2%
Internal 0 0% n/a n/a
Waterfowl 15 1% n/a n/a
Septic System 50 1% 43,996 >0.0%%0
Load from Upper Basin Inflow 452 40% 75,365,852 76%
Watershed Load 542 48% 21,351,049 22%
Total Load To Lower Basin 1,080 100% 99,169,113 100%

ASSIMILATIVE CAPACITY ANALYSIS RESULTS

Assimilative capacity refers to the amount of a substance that a waterbo@gceay without causing impairment.
The assimilative capacity for lakes in Maine is calculated usiny dtienweidermodel(Dillon and Rigler 197§
defined as

" L oor
Equation 1: L= m
1Y
Equation 2 Y= !
i : =
au 1+ oM
Where:

L = external P load capacity (kg TP / year)

P = total P concentration (ppla@ target concentration expected to protect water quality
A = lake basin surface area (Rm

z = mean depth of lake bagim)

p = annual flushing rate

17 R = P retention coefficient

In the above model, figures z, andp are taken from LLRM, an® is a target phosphorus concentration, typically
chosen by regulators, which is considered protective of the Taleetargets typically set at 8 ppb, or the current
concentration if it is less than 8 pdeor Kezar Lake upper and lower basins, the assimilative capacity inputs and
results are shown ihable5b.

13
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Table 5: Assimilative Loading Capacity Calculations for Kezar Lake Upper and Lower Basin

Kezar Lake Kezar Lake
Upper Basin | Lower Basin
L = external P load capacity (kg TP/y) 1,020 980
Current TP Loading Estimate (from LLRM) 840 1,080
P = total P concentration (pppPARGET 6 8
A = lake basin surface area (Rm 7.455 3.329
Zz = mean depth of lake basin (m) 15.96 3.25
p = annual flushing rate 0.63 8.42
1-R = P retention coefficient 0.443 0.744
R=1/(1+sq.rt. p) 0.557 0.256

Based on the current phosphorus loading model (LLRM) and the assimilative capacity calculeigpser basin
of Kezar Lake currently receives less total phosphorus than its assimilative gaphitéyhe lower basin receives
more than its assimilative capacifijhe pper basin receives an estima&tD kg/TP/yearwhile the assimilative
capacity for the upper basin aloneli®2 kg/TP/yearThus, wper basin is gtimated to currently receive &2of

its assimilative capacity of phosphorwushen considered alonélowever, a will be described below, the overall
analysis of Kezar Lake (upper and lower basin) shows that TP shooédhelesbe reduced in the upper basin to
protect the lower basin.

The bwer kasinis estimatedo currentlyreceivel,080 kgTP/year Current loading equals 110% of the assimilative
capacity for phosphorus. This result is consistent with data showing an average annual TP concentration for the
lower basin of more than 8 pph.redudion of 100 kgTP/year may reduce the-lake TP concentration by dpb,

or from 9 ppb to 8 pp the lower basinHowever, given the large indirect input of TP from the upper basin (40%

of the total load), management of phosphorus inputs from the uppir Will be neededNo historical TP data

exists for the lower basin before 1987, so, while it is assumed that TP concentrations were less than 9 ppb in
previous decades, it is unknowow much lower.

Previous use of the Vahweider (Dillon and Riglerdr5 type empirical model for Maine lakes.g., Cobbossee,
Madawaska, Sebasticook, East, China, Mousam, Highland (Falmouth), Webber, Threemile, Threecornered,
Annabessacook, Pleasant, Sabattus, Toothaker, Unity, Upper NaHaidand (Bridgton), LittleCobbossee,

Long (Bridgton), Togus, Duckpuddle, Lovejoy, Lilly, Sewalross, Daigle, Trafton, Monson, Echo, Arnold
Brook, and Wilson Pond PCAPMDL reports (EPA 2002007) have all shown this approach to be effective in
linking watershed total phosphor(external) loadings to existing-lake total phosphorus concentrations.

Discussion

EVALUATING MODEL ACCURACY AND POTENTIAL | MPROVEMENTS

The Kezar Lakes watershedaisiong the morlydrologicallycomplex lakesystens, with water cascading through
multiple ponds, and inmanycases large wetlands, before finally entering the. leBke phosphorus dynamics this
system araherefore als@womplex.All mathematical modsinecessarily create a simplified representation of the
ecosystem.

14



KezarLake Nutrient Modelingl 2013

To account for this complexity,LRM incorporates thability to check intermediateodelresultsusing empirical
data and adjust the model so it is in better agreement with the Bhaisicomparisorwas completedfor Great
Brook and Boulder Brook. Howekeseveralributarieswithin the watershed have manpirical dataln particular,
Bradley, Cold, and Coffin Brookgrovidelarge inputs to the lakeand lackmonitoring dataThe model could be
strengthenedby collecting phosphorus concentrationghnsestreamgust upstream of their confluence with the
lake

There are other tributaries for which pond data was usiedlieu of stream measurementnd there is some
uncertainty how the pond values relate to stream valdebecting phosphorus concentomts at the outlets of
those ponds would provide a marginal i mprovement in

In conducting theamodel calibrationfor the tributaries there was a very wide range pfiosphorus attenuation
coefficients.Values typtally range fron0.9(90% of TPfrom streanis delivered tdhe lake)to 0.5(50% of stream

TP goesto lake) inthe LLRM. For the Kezar Lakes modehis valueranged fromhighs 0f0.9 for directwatershed
drainage in lower basin and 0.75 in Boulder Brdokiows of 0.33 for Great Broc&nd 0.30 for Trout Pond:his
variability suggests that either the watershed is highly varifabte one place to anotheér its ability to attenuate
phosphorus, or thahere is some unaccounted factor that wouldexplain the differenceslhis wide range of
values makes it difficult to predict what a reasonable attenuation factor should be for tributaries without empirical
data.Further monitoring and research could reduce this uncertainty.

The assimilative loadingapacity ofthe two lake basins generally accords with empirical data over the past
decades, as described in Resultssection above.

SIGNIFICANCE OF M ODEL RESULTS TO LAKE PROTECTION EFFORTS

The LLRM model results can be used to indicate which tributafywatersheds are the largest source of
phosphorus, and therefore are most in need of phosphorus reduction efforts. The tributary basins are sorted b
phosphorus loading per hectareTiable6. Note that most tributaries have no empirical data, therefore the loading
estimates are less certain for those arBagct watersheddrainages are typically the highest load areas in most
lakes, given theiclose proximity to the lake itself. The direct shoreline to the lake deserves special attention in any
lake protection plan.

The difference between the two major stream tributaries (both with empirical data), Boulder Brook and Great
Brook, is striking. BouldeBrook has relatively high loading per unit area, while Great Brook has very low loading.
Logically, this is understandable given that much of Great Brook drainage area is in conservation as part of the
White Mountain National Forest.

The pond watershedhow great variation in phosphorus loading, with Farrington Pond near the top, and Cushman
and Trout Ponds near the bottom. The remaining ponc
the model, and given the wider than usual variatiophasphorus attenuation coefficients, those results must be
considered preliminary only.

The assimilative capacity analy$is the upper basin is based on a target phosphorus concentragipplmfwhich
is the current long term average of that basiocepting this target, the upper basin has some degree of reserve
assimilativecapacity, if considered alonelowever, TP should be reduced in the upper basin to protect the lower
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basin, as described below. buildout analysis, which models development gtown the future, can be used to
evaluate if and when the upper basin may approach or exceed the target concentration.

The lower basin, by contrast, has already exceeded the assimilative chpazitgrget idake concentration a3

ppb, which was chan to be consistent with the targets concentration set at many lakes throughout Maine.
Empirical data show3P of 90 ppb as a longerm average. Efforts at reducing this phosphorus load should be
undertaken soon to reduce phosphorus loading by about i@¥erto reachthe target concentration of 8 ppb.
Since 76% of watereflowandw@s of thedasphards smes from upper basin, this gaehuires a
watershed wide approatd phosphorus reductions to improve the water quality in the lower basin.

Table 6: List of tributaries by watershed loading (TP kg/hal/ye@haded cells indicate butaries without
empirical data

Calibrated Watershed Calibrated Empirical
Watershed Model Result TP Loading Model Result Data (TP
Tributary Basin Area (ha) (TP kglyear)  (kg/halyr) (TP mg/L) mg/L, mean)
Direct (lower) Lower 1019 162 0.159 0.028 no data
Direct (upper) Upper 2788 342 0.123 0.019 no data
FarringtonPond Lower 160 19 0.117 0.019 0.015°
Coffin Brook Upper 738 78 0.106 0.016 no data
Ié?gngeadow Lower 396 38 0.096 0.017 no data
Mud Pond Upper 91 8 0.091 0.014 no data
Bradley Brook Lower 2053 183 0.089 0.017 no data
Boulder Brook Upper 2884 255 0.088 0.014 0.015
Cold Brook Upper 1440 125 0.087 0.013 no data
Noah Eastman Lower 65 5 0.076 0.013 no data
Little Pond Upper 54 4 0.075 0.012 no data
Heald Pond Upper 1665 122 0.073 0.013 0.010°
Bradley Pond Upper 141 10 0.070 0.012 0.009°
Horseshoe Pond  Lower 480 27 0.056 0.010 0.007°
Moose Pond Lower 582 32 0.054 0.011 no data
Great Brook Upper 2952 145 0.049 0.007 0.008
Cushman Pond Upper 377 17 0.046 0.008 0.007°
Trout Pond Upper 229 10 0.044 0.007 0.005°
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Figure 3: Total Phosphorus loading by unit watershed area.
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