Maine Statewide TMDL for NPS Pollution June 2016

Appendix 2. Modeling Methodology & Attainment Stream
Details to Support TMDL Development

MapShed Nutrient Loading Model Overview

MapShed is an established midrange modeling tast fleveloped as the Generalized Watershed
Loading Function (GWLF-E) model by Haith and Shokerain 1987, and Haith et al. in 1992. The
model was refined regularly by Evans, Corrading aehning at Penn State University into an ArcView
GIS-based model called AVGWLF (Evans et al., 20@2has recently transitioned to the open-source
MapWindow GIS and now is now called MapShed (Evan<€orradini, 2012). A key feature of
MapShed is the availability of a high quality datt developed under a Quality Assurance Project Pla
(NEIWPCC 2005), and both model and data were cdblor to the New England region (Penn State
University 2008).

MapShed is an aggregate distributed/lumped parametgershed model that generates loading
estimates for the surface water pollutants of phomgs, nitrogen, total dissolved solids, and fecal
coliform bacteria. The model is distributed in titadllows multiple land use/cover scenarios. Hoerev
loads originating from the watershed are lumpeddog use category, and spatial routing of nutrient
and sediment loads within each watershed is nolad@ For example, all farmland is lumped togethe
and defined by one set of parameter values, anbrai$ted land is lumped together and defined by a
different set of parameter values. The model de¢sccount for active forest operations within &iesl
areas. Other factors that affect the nutrient liadaof a watershed such as livestock numbers and
practices, soil and groundwater nutrient loadsnfpsources, and septic systems are also lumped
together, with each group treated as a unique sourc

MapShed consists of three components. Note thapSWad” refers both to the overall model (all three
components), as well as the first of the threeviddial components. Each is a standalone execufiédle
which can be independently run.

 MapShed, a MapWindow-based interface using GIS to generatéel inputs,
(executable: PrjMngr.eXe

* Generalized Watershed Loading Model (GWLF-E), the hydrology and nutrient loading
model, éxecutable: GWLF-E.exeand

 PRedICT, software to examine various best managementipea@MP) scenarios,
(executable: PRedICT.exe

The first component (MapShed) generates a datdahfdeis used as an input by the second component
(GWLF-E), which in turn generates a data file uasdan input by the third component (PRedICT). In
practice, the first component requires much moramger run-time than the following two. MapShed
takes about 15 minutes to execute, while GWLF dRddfCT are nearly instantaneous.

The overall MapShed model uses well establisheldasal hydrologic equations along with GIS and
weather data to model surface runoff and soil erosihe Soil Conservation Service Curve Number
(SCS-CN) coupled with daily precipitation and temgtere from the National Climatic Data Center
(NCDC) is used to model surface runoff and streamflEvapotranspiration is determined using daily
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weather data and a cover factor dependent on laattaver type. The Universal Soil Loss Equation
(USLE) is used to model monthly erosion and sedinfess. Nutrients (nitrogen, phosphorus, and total
suspended solids) are modeled using export coaftiifor both the dissolved and solid phases from
each type of land use. (Evans et al. 2002, 20082)20rhe model uses geographic data (e.g. soils,
watershed boundaries, land uses), land use rupefficients, daily weather (temperature and ralpfal
and universal soil loss equations, estimates @stiock animal units, and best management practices
(current and future) to compute pollutant loadserms of daily mass and concentration.

The model was run for each of the thirty-four impédistream segments and ten attainment strearas for
15 year period, determined by weather data avéitladRunning the model over this time span covered
a wide range of hydrologic conditions, accounting V¥ariations in nutrient and sediment loading over
time. To estimate the TMDL reductions needed taimttvater quality standards, the GWLF model
results are used to estimate the existing loachah ®f the impaired stream segments and in respecti
attainment watersheds. The difference in estimptdlditant loads between the impaired and attainment
watersheds is the reduction needed to achieve wa#dity criteria for all nonpoint source pollutardf
concern. It is assumed that the reference watesstwedin attainment by a margin greater than 4aro.
other words, they are not at the border betweainatent and impairment. By setting the TMDL target
equal to the reference watershed nutrient loadnaticit margin of safety is therefore in place.

Software
The following software is downloaded framip://www.mapshed.psu.edu/download.htm

* MapWindow v4.6.602 (this specific version, do nptate)
* MapShed v1.0.8 or higher
* MapShed and PRedICT user manuals, plus other stipgpdiocumentation

Model Input Data Overview

In MapShed, there are two data entry phases. Téiepinase, called MapShed, is when GIS layers and
weather data are entered using the GIS interfdoe.s€cond phase, called GWLF-E, is when additional
data can be entered by typing numbers directlyanderies of data entry screens. Overall, a vastiam

of data are entered and processed through the nddal of these data consist of well-establishatl so
equations and constants which were reviewed, butdpisted. Others, such as number of livestock,
agricultural stream miles, and amount of vegetabiwier in agricultural areas, were reviewed inailet
through a combination of in-office and on-site noeth. Each data source is described below.

Most geographic data used in the modeling were ymed for the New England Interstate Water
Pollution Control Commission (NEIWIPCC), are cowkrey an existing Quality Assurance Project
Plan, and were used in model calibration for thehsast region. These data sources were downloaded
from the MapShed website at Penn State, and regpedjento the standard ME Office of GIS projection
(UTM NADBS83 Zone 19N) by FB Environmental using Arell 9. Large files (all grids, plus streams)
were also trimmed using ArcMap 9 to a rectanglghsly larger than the watershed extent, which
greatly reduced computer processing time. Thesesdts are:

* New York/New England Regional data, v1.0.0 or highe
* New York/New England Sections 8 and 9, v1.0.0 ghar
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Other data sets specific to this project were mlediby Maine DEP, the Natural Resource Conservation
Service, and/or FB Environmental, and are descridadolw.

Input Parametersto the GI S Portion of MapShed

There are seven required input data sources, gu® twelve additional optional sources, which are
selected during the GIS portion of MapShed. Mogt dsurces chosen were those developed and
calibrated for the northeast region for NEIWPCCitéNthat the Soil Phosphorus layer uses “Total P”
units (not “Test P” units).

The watershed boundaries were provided by Maine.OBEB default streams layer was initially used,
however, it was discovered that the original strefta showed inconsistent resolution across the. sta
As seen in Figure 1, there were rectangular areagich many ephemeral streams were included, and
others where they were omitted. The border betvileese areas corresponds to USGS quadrangles, and
is believed to be an artificial boundary inherenlder source data. Stream length is a criticatieho
parameter affecting among other things streambaog&ia, therefore an older streams shapefile was
adopted which provided a much more consistent rstnegolution across the state. Table 1 presents all
GIS level inputs and sources. Many are further idesd below in the GWLF-E portion of this report.

Mau st ImtDmN 0
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Flgure 1 The image on the Ieft shows the default streaysrlprowded by MapShed The |mage on
the right shows a shapefile (hydrol_04202006.stgppfMaine Office of GIS used in this modeling.

Minor changes to the weather data were also neges#éeather data consists of a GIS shapefile
(weather_station.shp) and an associated foldereatthver data (one .csv file for each weather station
The weather data file for Madison, Maine, (sta482v). was found to have columns out of order. This
weather data was formatted of the other weathex filass. Likewise, Station 860 was found to have
formatting errors in the data file (sta860.csv) whiee model attempted to use it for Moose Brook in
Aroostook County. This station was labeled withie shapefile as “Brockton,” although no town or
weather station of that name could be found in thahity. The temperatures in the file were much
different than nearby Houlton, Maine, for the datesgjuestion, therefore this station was deletedhfr

the GIS shapefile, allowing other nearby weathatiats to be used. The edited weather shapefile was
renamed “weather_station_bugfix.shp.”
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Table 1. GIS Level Input Parameters (Shaded Rows are Rebbyr¢he Model)

June 2016

ea.
] via

Data Layers Short Description File Type | Required File Name Notes and Source
Weather Stationg Weather station locations Point Yes Weathe.r_statlon_ SellEE L g / NEIWPCC' i b)./ F
bugfix.shp to correct formatting issues for two stations
: . : , Individually named by| Formatting corrections to Station 4927 by FBE
Weather Directory Weather station directory CSV-files Yes weather station Source: MapShed / NEIWPCC
No point sources identified in the project ar
Point Sources | Point source discharge locations Point No Newwtps.shp Possible future point sources can be entere
shapefile, or manually using GWLF-E.
Basins Basin boundary used for modelingPolygon Yes Individually named by Source: Maine DEP
watershed
. More consistent resolution than default layer.
Streams Map of stream network Line Yes hydrol_04202006.shp Source: ME Office of GIS
Counties County bour:jia:ges -for USLE Polygon No Counties.shp Source: MapShed / NEIWPCC
Septic Systems | Septic system numbers and typesPolygon No Census.shp Source: MapShed / NEIWPCC
Soils Contains various soil-related da] Polygon Yes Soils.shp Source: MapShed / NEIWPCC
Physmgraphlc Contains hydrologic parameter Polygon No Physprov.shp Source: MapShed / NEIWPCC
Provinces data
Only used if one wants to re-distribute loads
Urban Areas Map of urban areas boundaries Polygon No UrbanAreas_ME_2010 for urban watershed across MS4 boundaries.

.shp

Source: US Census

Section > Landuse >

ries,

Land Use/Cover| Map of land use/cover (16 class§¢  Grid Yes sta Source: MapShed / NEIWPCC
DEM with 30 meter resolution used. Some
DEM Elevation grid Grid Yes Section > DEM > sta LGRS qverlapped e §ectlon Sl
so statewide DEM used in those cases.
Source: MapShed / NEIWPCC
Groundwater-N | Background estimate of N in mgfl  Grid No Section > GWN > sta| Source: MapShed / NEIWPCC
: Estimate of soil P in mg/kg of : . . Based on soil texture and land use layers.
Soil-P “Total P” (not “Test P”) Grid No Section > SoilP > sta Source: MapShed / NEIWPCC
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Nutrient runoff concentrations and volumes in Mag&hre based in large part on land uses, which are
contained within a grid file. These land use catmgoare described below. FB Environmental focused
field reconnaissance efforts on land uses idedtifis hay/pasture, cropland, and open land when
estimating livestock (described in the GWLF-E sattielow), since this land use is subject to reddyi
frequent changes and may be miscategorized indinee data. While the land use grid was not edited,
field observations were recorded, and observatiwageflected in the livestock figures enteredrlate

the model.

Water: Water bodies such as lakes, ponds, large streamsGed cell value 1.
Hay/Pasture: Hay or pasture areas where low-lying grassy vegetats predominant. Grid cell value 4.

Cropland: This category refers primarily to row crops. Cova@pps may be included depending upon
how closely surface erosion and nutrient runoffrelateristics resemble row crops or hay/pasture. Use
grid cell values of either 5 or 6 (both are treatbeé same in GWLF-E).

Forest: This category includes areas of coniferous, deaiduar mixed woodlands. Grid cell values of 7,
8 or 9 (all are treated the same in GWLF-E).

Wetland: This category includes both woody and emergentawed, and grid cell values of either 10 or
11 may be used (both are treated the same in GWLF-E

Disturbed: Includes land such as coal mines, quarries, grgitsl transitional land, etc. These types are
treated as “non-vegetated, disturbed” land type<aWLF-E, and may be depicted with grid cell values
12, 13 or 15 (all of these are treated the sam@WILF-E).126

Turf/Golf: Any highly-managed, intensively-fertilized areashwiurfgrass-type vegetation (e.g., golf
courses and sod farms) may be included in thisgeaye Grid cell value of 16 for this category.

Open Land: This category is intended to depict such land tygieslar to “open range” or “grassland”,
such as found in the western part of the UnitegeSta’ hese essentially “natural” areas are typigatiot
cultivated or heavily pastured. Grid cell valueZdf.

Bare Rock: Non-vegetated rocky areas such as found in mourmtaiareas. Grid cell value 22.

Sandy Areas. Use this category for land types such as beachdsdaserts with little or no vegetation.
Grid cell value 14.

Low-Density Residential: Areas with a mixture of constructed materials, widgetation mostly in the
form of lawn grasses, shrubs and/or trees. Impewvisurfaces account for less than 30% of the total
cover. These areas most commonly include largesilogle-family housing units. Grid cell value 17.

Medium-Density Residential: Areas with a mixture of constructed materials, widgetation mostly in
the form of lawn grasses, shrubs and/or trees. tmpes surfaces account for 30-75% of the totalezov
These areas commonly include low and medium dehsitging in suburban or smaller urban areas.
Grid cell value 18.

High-Density Residential: Areas with a mixture of constructed materials, wilgetation mostly in the
form of lawn grasses, shrubs and/or trees. Impervisurfaces account for greater than 75% of thal tot
cover. These areas most commonly include smahdoising or row houses. Some commercial uses,

APPENDIX 2 Pageb of 34



Maine Statewide TMDL for NPS Pollution June 2016

usually converted residences, may be present lpresent less than 20% of the total area. Grid cell
value 19.

Low-Density Mixed Urban: Areas with a mixture of constructed materials, wilgetation mostly in the
form of lawn grasses, shrubs and/or trees. Impewvisurfaces account for less than 30% of the total
cover. These areas commonly include schools, fadspitommercial areas and industrial parks with
extensive, surrounding open land. Grid cell value 2

Medium-Density Mixed Urban: Areas with a mixture of constructed materials, widgetation mostly in
the form of lawn grasses, shrubs and/or trees. tmpes surfaces account for 30-75% of the totalezov
These areas are typically found in smaller citiad auburban locations. Grid cell value 20.

High-Density Mixed Urban: Areas with a mixture of constructed materials, widlgetation mostly in the
form of lawn grasses, shrubs and/or trees. Impevisurfaces account for greater than 75% of thal tot
cover. These areas are typically high-intensity ourcial/industrial/institutional zones in large and
small urban areas. They may include some densdemtsal development which should not exceed 20%
of the total area. Grid cell value 3.

The GIS portion of the model was run by selectilhga@ailable weather years, selecting May through
October as the growing season, and leaving theulietsturn flow of 0.4 (fraction of irrigation wate
estimated to return to surface/subsurface flowxhEaatershed was run individually (without sub-
basins or flowlines). For each watershed, a solileeg/as saved to facilitate re-running the modeind
when necessary. Note that when running MapShedad found that clipping the higher resolution
shapefiles and grids to the project area greatiyaded model processing time. When the GIS portfon o
the model was completed, a .gsm file was generateidh was used by the GWLF-E section below.

I nput Parametersfor the GWLF-E Portion of MapShed

The GWLF-E component of MapShed starts with then.§ite generated above. This file consists of a
large number of input parameters dealing with sbidracter, hydrology, weather patterns, nutrient
transport, animal and human populations, and agui@l practices, which were calculated for each
specific watershed based on the GIS data inputsrided above. Virtually every parameter can be
viewed and most can be directly overwritten throaghextensive series of data entry forms. The saill,
nutrient transport, and hydrology parameters aseda@n decades of research by Penn State, including
model calibration specific to the northeast regiomder the NEIWPCC project. Therefore, these
parameters were generally accepted. FB Environirtiased on those parameters for which accuracy
could be best improved through desktop researchirafidld observations. These adjusted parameters
are the following.

Livestock Estimates

MapShed uses the number and type of livestock timat® manure production within the watershed.
Animals are converted to animal units with corregpog nutrient loading rates within the model.
During the pollution source identification phaseatug project, FB Environmental reviewed the laisé u
shapefile as well as recent aerial photos avail#ieugh Google Maps and other public sources to
identify farm fields, pasture, and other open feldhich could potentially be used for livestockv&i

the high resolution of modern aerial photos, sighkvestock were often easy to find. In severaes
areas where livestock had direct access to strearesclearly identified.
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Researchers then visited each watershed and colivestbck, or the clear evidence of livestockihe
extent possible. Many direct observations of anéredl pasture were made, but in other cases, other
indications were used to count livestock, such ew mlectric fencing, freshly trodden fields and
paddocks, livestock paths, extensive hoof print&l barns with well-tended feed and water troughs
were all used to indicate the presence of livestéekm animal estimates were generally conservative
For example, a small paddock and barn was usualipted as one horse. Large farms were research
online after field visits for additional indicatiasf livestock type and number. All livestock estiemare
well-documented in each watershed specific apperadixvell as in the submitted source identification
reports. Within MapShed, the animal units per tyggelivestock (correlated to much each animal
weighs), as well as manure production per animé) were left at the default values.

MapShed uses an involved set of algorithms to steuhutrient loading from livestock. It considers
monthly time spent grazing, at pasture, direct s&€de stream, daily accumulation on the landscape,
runoff to streams based on daily weather conditiand certain livestock and agricultural practisesh

as plowing manure into the soil and manure managepians. The default values were accepted for
each watershed, unless otherwise noted in the stedrappendix. There were a few watersheds in
which livestock access to streams was clearly inmgaivater quality.

It is important to note that MapShed treats all oranproduced in the watershed as remaining in the
watershed in some form. The model does not diréatijude a mechanism for manure export out of or
import into the watershed. For example, a waterstwedaining a large farm which produces and sells
liquid manure from its livestock would probably exignce lower nutrient loading in reality than what

the model predicts, since much of the manure ipp&d out of the drainage area. Conversely, large
farms which import manure onto their fields frontside the watersheds could result in higher nutrien

loading to streams than the model predicts. Whentus import/export issue seemed likely, it was

noted in the summary, although a detailed estirohthe effects on nutrient loading are probablytbes

handled when doing individual watershed based plans

Percent of Watershed Draining to Ponds or Wetlands

MapShed considers depositional environments suclpoasls and wetland to attenuate watershed
sediment loading. The degree of attenuation isredténto the model by a simple percentage of
watershed draining to a pond or a wetland. AlthodgpShed uses GIS to calculate many variable
(including slope), it is not capable of delineatitmy networks. Therefore, it is necessary to eties
variable manually. FB Environmental estimated thecpnt of watershed draining to a pond or wetland
based on visual inspection of the watershed in Glis estimate made a noticeable difference to the
resulting sediment load estimates in many cases.

Stream Miles and Buffers Within Agricultural Landds

MapShed uses GIS data to calculate stream mildsnwatgricultural land uses, and allows for manual
entry of the stream miles within agricultural lamskes with vegetative buffers. Vegetative buffecngl
streams in agricultural areas attenuate nutrieaadifg by about 40% for N and P, and 50% for sedimen
(those attenuation factors, like most, can be nexdlitvithin MapShed). FB Environmental reviewed
recent, detailed aerial photos from Google Maps @hér publicly available sources to determine the
agricultural stream miles with buffers, as welltatal agricultural stream miles which were used to
override the GIS calculation in the GWLF-E BMP detdry screen.
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Existing Agricultural Best Management Practices

MapShed allows data on existing nutrient reduct8iviPs to be entered into the model. There are
twelve rural BMPs possible within MapShed, eachveitjustable reduction coefficients for N, P, and
Sediment. For this modeling effort, four commonked BMPs were entered using literature values.
More localized data on agricultural practices wauntgrove this component of the model.

» Cover Crops:Cover crops are the use annual or perennial dogsotect soil from erosion
during time periods between harvesting and plantihghe primary crop. The percent of
agricultural acres cover crops are used withinwlagersheds in this TMDL is estimated at 4%
This figure is based on information from the 2003QA Census stating that 4.1% of cropland
acres is left idle or used for cover crops or Bojpprovement activity, and not pastured or grazed
(USDA, 2007).

» Conservation TillageConservation tillage is any kind of system thaivks at least 30% of the
soil surface covered with crop residue after ptamti This reduces soil erosion and runoff and is
one of the most commonly used BMPs. This BMP wasimgd to occur in 42% of agricultural
land. This figure is based on a number given byGbaservation Tillage Information Center’s
2008 Crop Residue Management Survey stating th&i%lof U.S. acres are currently in
conservation tillage (CTIC, 2000).

» Strip Cropping / Contour FarmingThis BMP involves tilling, planting and harvesting
perpendicular to the gradient of a hill or slopengshigh levels of plant residue to reduce soil
erosion from runoff. This BMP was assumed to oéou88% of agricultural lands, based on a
study done at the University of Maryland (Lichterthpel 996).

» Grazing Land Managementhis BMP consists of ensuring adequate vegetaiower on grazed
lands to prevent soil erosion from overgrazingtbieoforms of over-use. This usually employs a
rotational grazing system where hays or legumespkmeted for feed and livestock is rotated
through several fenced pastures. In this TMDL, qurie of 75% of hay and pasture land is
assumed to utilize grazing land management. Thisrrdi is based on a study by Farm
Environmental Management Systems of farming opanatin Canada (Rothwell, 2005).

The remaining possible BMPs within MapShed inclulep residue management, stream fencing,
vegetated buffer strips (within farm fields, nobrd) streams), animal waste management systems
(AWMS), phytase in poultry feed, confined feedingea runoff controls, and agricultural land
retirement. These BMPs were not assumed to ocdhimatthe watershed. Improved data on agricultural
and livestock practices could be rapidly incorpedainto the model as they become available.

Adjusting Slope Length (LS)

When reviewing the model results, an apparent evithr the slope length (LS) calculation for certain
watersheds was discovered. LS is calculated frewagbns, watershed area, and stream length, and
typically ranges from 0.1 to 1.5. Slope length @stf the Universal Soil Loss Equation. LS wasozer
for five watersheds (Carlton, Coloney, Mosher, Bgnand Thayer Brooks), and very close to zero for
three additional watersheds (Adams, Chamberlaith Hoobbs Brooks). These zero and near-zero results
were viewed as likely errors, and a second metfi@dloulating LS was found.
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An alternative digital elevation model (DEM) laywas substituted in MapShed for these watersheds.
This DEM was a clip of the AVGWLF DEM30 developeat fuse with the NEIWPCC project a few
years ago. Two clips were made (northern and soutiaine watersheds) in order to reduce computer
processing time and to deal with watersheds whiarlapped the Section 8 and Section 9 boundary in
in the new MapShed dataset. It therefore matchedB€hmeter pixel size and used the recommended
“flow accumulation” method for that resolution. Balson visual inspection, the alternate DEM appeared
to be virtually identical to the default DEM, hovesythe resulting LS figures were quite differentia
within the expected range. These LS figures wepedyinto the Transport Data Editor in GWLF-E,
changes were saved in a new .gsm file, and GWLFaE we-run. This revision partially resolves
concerns about sediment estimates, although itinsnthe most variable of the three pollutants waithi
the model. FB Environmental will communicate thBsdings to Penn State for model improvement.

Other Input Parameters

There is a vast number of soil, hydrological, antypant transport parameters which operate withe
MapShed model. A brief overview of most of theseisvided below. Within the “Transport Data”
group, the figure for “Sediment A Adjustment,” whicelates to the lateral erosion rate, was manually
changed from 1.0 to 0.1 to match the New Englaretifip value determined when MapShed was run
for NEIWPCC (Penn State, 2007). All of the remagnparameters were left at the default values.

* Transport Data

o Percentage of impervious areas are associateceaath land use.

o Curve numbers (CNI and CNP and CN) are empiricadlyived values that reflect that
relative amounts of surface runoff and infiltratioocurring at a given location based on
combination of soil and land cover and the usemeéefimpervious cover estimate.

o0 The soil erodibility (K) factor is a measure of @rknt soil erosion potential as a function
of soil texture and composition and is pre-deteedifor every soil type.

o Slope-length (LS) factor is a function of overlanthoff and slope and uses a NRCS
equation for estimating the relationship betweapallength and slope gradient for a
given area derived from the DEM and stream layEng. LS numbers were run a second
time for certain watersheds, see section “Adjus8iape Length” above

o Cropping Management (C) factor represents the ietieground cover conditions, soil
conditions, and general management practices dresasion. Erosion Control Practice
(P) factors depict the effectiveness of variousucdtral and non-structural control
practices such as terracing and crop residue mar&gein reducing soil erosion on
cultivated land. Both are derived from tbeunty.shplayer based on mean values for
field crops and slope characteristics. This is@egentative value that may differ from
actual C and P values based on local agricultueadtiges such as use of BMPs and crop
rotations. If more accurate information on croppprgctices is known during the model
time period, the user can edit this informatiomédter reflect local conditions.

o ET Cover Coefficients are based on land use anda-weighted potential
evapotranspiration (PET) values computed by theehas a function of the number of
daylight hours per day, the saturated water vapassure, and the mean daily
temperature on a given day.

o Daylight hours are calculated using the latitudehef centroid of a given watershed and
the growing season is specified directly by the.use
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Rainfall Erosivity Coefficients estimate the raithfatensity factor and vary with season
and geographic location.

The Groundwater Seepage Coefficient (related tdrdmion of infiltrated water lost to
an underlying aquifer or deep saturated zone)titoseero, because it is assumed that the
water table does not fluctuate appreciably fronr yegear.

Groundwater Recession Coefficient values can henattd from historical stream flow
records using standard hydrograph separation tgeési A value of 0.06 is common in
the northeast (Haitét al, 1992), and typically range nationwide from 0.6Dt2.
Unsaturated Available Water-Holding Capacity iscaédted using the soils data layer.
Sediment Delivery Ratio is based on the premisé d@heertain percentage of material
eroded from the land surface is deposited prioreghing nearby waterbodies and is
related to the amount that reaches the outletgdpfen watershed (sediment yield).

Lateral erosion rate (Sediment A Factor and Seddjugtment) estimates streambank
erosion based on animal density, curve number,esodibility, mean watershed slope,
and percent of developed land in the watershed.

Stream and Ground Extract factors are based oWiier Extraction layer for surface
and groundwater withdrawals. If no water extractlaper is provided, inputs can be
entered manually if known sources of irrigation smowmaking activities may be
affecting the water budget.

Percent of Tile Drained area is specified by ther éigr input to a tile drain flow equation
that assumes 50% of the surface and subsurfaceethav month are redistributed to tile
drain flow in areas identified as being served bghssystems. This volume is multiplied
by the event mean concentrations provided by tieeafor N, P, and sediment to
calculate loads for each in kg/month.

e Nutrient Data

o

APPENDIX 2

Rural runoff nutrient concentrations are associat@t overland runoff, point sources,
and subsurface discharges to the stream. Nutrigeds| from non-urban areas are
transported in runoff water and eroded soil fromrses areas. Default dissolved N and P
concentrations are based on literature sources.

Urban runoff nutrient accumulation rates use thecept of nutrient build-up and wash-
off to estimate nutrient loads from urban areas #ssumed that nutrients accumulate on
urban surfaces over time from various inputs (apphesc deposition, animal litter, street
refuse, etc.) and are washed off by periodic rdiefeents. Default values for different
urban categories are derived primarily from ther&ture.

Point Source Discharges is provided by the useal@n directly from the Point Source
layer that contains information on estimated mgnbhland P loads from major industrial
and municipal wastewater treatment plants. It issgae for the user to specify variable
effluent flows and nutrient concentrations on a thhnbasis for any point source
discharge using the Point Source Editor Tool.

N and P in groundwater are automatically calculaisohg a regression equation and
area-weighted values of N and P concentrationsonrglwater based on land use and
rock type.

The default value of 2000 mg/kg is estimated fomNsediment. The user can specify
more accurate local information. The P in sedimerdstimated using a soil P grid for
soil test P or total P and the area-weighted vafltie concentration.
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(0]

Septic system loads are based on the number afreeserved by septic systems in the
watershed derived from the census tract layer. Gheenitrogen loads from septic
systems for a given watershed have been deterntimedptal load is reduced by a factor
(about 61%) to account for losses in subsurfaceirastream flow due to denitrification.
Per capita values for nutrient loads in septic tafikient and values for nutrient uptake
by plants are based on suggested literature values.

Tile drain nutrient concentrations are derived gsastimated tile drain water volumes
and typical in-drain concentrations drawn from thierature. These are default
concentrations for N, P, and sediment.

* Animal Data

0]
0]

o

Determining t

No confined animal feeding areas (AFO) were entered

The loss rate values for manure from pasture, &edhd field spreading for N, P, and
sediment.

For grazing animals, the percent of time spentiggaand percent of time spent in stream
are based on literature values.

All values related to pathogen loadings were lafthanged.

heTMDL

MapShed was run according to the detailed inswoctnanual provided by Penn State (Evans &
Corradini 2012), using the input parameters stataove. Nutrient loading estimates in terms of mass
per unit watershed area per year for total phoggh¢rP), total nitrogen (TN), and sediment were

calculated for

impaired streams.

The TMDL was generated by determining loading value attainment stream watersheds. A set of

attainment st

reams for possible use in developiegTtMDL was provided to FB Environmental by

Maine DEP. Both impaired and attainment watershedssimilar overall characteristics with the same

range of land

uses. Specifically, both groups hatkaningfully high level of agriculture, and littie no

urbanized areas. From this larger list of attaintm&neams, a set of five representative attainment
watersheds were selected from across the statel lmassimilar watershed size and land use as the
impaired streams, along with the quantity and duabf assessment data. Figure 2 indicates the
locations of each attainment stream watershed ws#dds TMDL. A statewide TMDL was set as the

average load

ing value of these five streams (Ta@pleThe difference between pollutant loading in

impaired and attainment watersheds representedpéneent reduction needed in each impaired

watershed.
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Kennebec

Riscataqua
s

Sttonn}

.Footman Brook"
Martin Stream

~

~ :
| Moose Brook

Upper Pleasant River I

Figure 2: Attainment streams used in this TMDL.

Table 2: Attainment Streams and the TMDL Figures

June 2016

Attainment Streams Town TPload | TNload | Sediment load
(kg/halyr) | (kg/halyr) | (1000 kg/halyr)
Martin Stream Fairfield 0.14 3.4 0.008
Footman Brook Exeter 0.33 6.4 0.058
Upper Kenduskeag Stream Corinth 0.29 5.6 0.047
Upper Pleasant River Gray 0.22 4.6 0.016
Moose Brook Houlton 0.25 59 0.022
Total Maximum Daily L oad: 0.24 52 0.030
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FooTMAN BROOK DESCRIPTION

Footman Brook is located in the Penobscot Rivershed
the towns of Corinna and Exeter, Maine, with sm
portions of the watershed within the surroundingrs
of Garland and Dexter. Covering an area
approximately 6.7 square miles, the watershed
predominantly forested (77%). Agricultural area5%)
are located throughout the watershed and
concentrated along major roadways. The watersher &
3.6% developed, with development observed as | :&2&
density rural-residential such as farm houses. &ddt
account for about 4% of the watershed and a lavler
1% of the watershed consists of impervious cover.

Footman Brook is a statutory Class B stream thaired

Class A numeric aquatic life criteria for benth

macroinvertebrates in 2001 at Station 309. Dissbh

oxygen during the 2001 sampling event was above the

Class B criterion of 7 ppm (1 data point). Footman Brook at Station 309
Photo: FB Environmental

Footman Brook originates in a wetland area in G@in

and flows southeast through Corinna and Exeter. pBaghwas conducted at Station 309, where
Footman Brook crosses Exeter Road. The immediatewsuding landscape is forested, but there are
corn fields just to the north of the sampling locat

Agricultural activities in the watershed are don@thby large hayfields, some of which appearedeto b

unmanaged. Row crops (primarily corn) are founthi southern portion of the watershed along Cider
Hill Road and Exeter Road, and in the northeadtiseof the watershed at the intersection of Pullen
and Otis Roads. Large hay fields were noted alotkind Road and Airport Road. The only livestock

observed were a few cows and a bull located onnatlRoad. Figure 3 (below) displays land use in the
Footman Brook watershed.

No portions of Footman Brook flow through or withib feet of agricultural areas. The entire lendth o

Footman Brook is very well buffered, excluding the road crossings on Cider Hill Road and Exeter
Road which were also observed as well vegetated.
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Figure 3: Land Use in the Footman Brook Watershed
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MARTIN STREAM DESCRIPTION

Martin Stream is located in the Kennebec Riversk~~ _________
in the towns of Fairfield, Norridgewock an ..
Oakland. The majority of the watershed is locar £
within the town of Fairfield but small portions tife
watershed are located within the surrounding tov *
of Skowhegan, Norridgewock Smithfield ar
Oakland. The watershed covers approximately
square miles and is composed primarily of for
(82%) and wetland (9%) with some areas
development (3%) and agriculture (6%).

Martin Stream is a statutory Class B stream t
attained Class B numeric aquatic life criteria 1 &
benthic macroinvertebrates in 2012 at Station 6 &
and narrative aquatic life standards for algaeG022 &
and 2012. Dissolved oxygen measured twice in 2 |
at Station 609 was once slightly below the Class
criterion of 7 ppm (at 6.7 ppm) and once above
criterion. No major hotspots were found during t
NPS survey.

Martin Stream begins just south of Hussey Hill Road Martin Stream near Station 609
in Oakland, ME, continues north through forested and the Middle Road (Route 104) Crossing
land, crosses the Oakland-Fairfield border, turns Photo: FB Environmental

northwest to follow parallel to and cross Martin

Stream Road in Fairfield, flows east at the confaeewith Alder Brook, crosses Norridgewock Road
(Route 139) in Fairfield, flows southeast, and endar the sampling site (Station 609) at the Middle
Road (Route 104) crossing in Fairfield. Multipléutaries flow into Martin Stream, particularly Add
Brook and Tobey Brook in Norridgewock, and Lost &@tan Fairfield.

Low-density residential development is found aldvigrtin Stream Road and Norridgewock Road.
Some agricultural areas, mainly hayfields and sdwestock, were observed on the northern end of
Martin Stream Road and along Covell Road in Noeisgck and Fairfield, respectively. Figure 5

(below) displays land use in the Martin Stream wsited.

As shown in Figure 6, 1.2 miles of Martin Streand dributaries flow through or within 75 feet of
agricultural areas, and 1.1 miles, or 92%, of ttesas have vegetative buffers.
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Martin Stream
(Attainment)

Land Use

Smithfield

Watershed

~Ar~~ Attainment Stream Landdties Legend Georegion
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Figure 5: Land Use in the Martin Stream Watershed. Note that watershed size is incorrectly

indicated as 34.4 square miles. Martin Stream Dasmn, above, and Figure 6, below, provide the
correct size of 41.5 square miles.
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Figure 6: Agricultural Stream Buffers in the Martin Streanawfshed
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M o0SE BROOK DESCRIPTION

Moose Brook located in the St. John Rivershed entttwns
of Hammond, Ludlow, Houlton and New Limerick, Maine
The majority of the watershed is located within tben of
Ludlow but small portions of the watershed are feda
within the surrounding towns of Hammond, Houltordan §
New Limerick. The watershed covers an area of $@uare
miles and is mainly forested (63%) with large agjtigeral
areas (18%) concentrated in the downstream or seadtern
portion of the watershed. The upstream forestedsaeand
wetland complexes (16%) likely help maintain a treal
stream as it moves though more agriculturally dewed
areas. The stream is mostly well buffered by nétur
vegetation. The Moose Brook watershed has minim
development (3%).

Moose Brook is a statutory Class B stream thatinsith
Class B numeric aquatic life criteria for benthic
macroinvertebrates in 1999 and 2000 at Stations at@&b
467. It also attained narrative aquatic life stadddor algae
in 1999 at Stations 466 and 467, and in 2004 dio®td67.
Dissolved oxygen measured on three occasions id 20d
2005 at Stations 466 and 467 was above the Class B
criterion of 7 ppm.

Moose Brook at the
Route 2 crossing.
Photo: FB Environmental

Large areas of crop land in the lower watershedatomotential for erosion and runoff, but may ballw
buffered by the large amount of forested land witthie watershed. Only 10 cows were observed in the
watershed during the NPS survey. Figure 7 (beltwys land use in the Moose Brook watershed.

As shown in Figure 8, 1.2 miles of Moose Brook dndutaries flow through or within 75 feet of
agricultural areas, and 0.9 miles, or 75%, of thEs#ions have vegetative buffers.
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Figure7: Land Use in the Moose Brook Watershed
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Agricultural Stream Buffers

Hammond

Ag land stream miles: 1.2

Ag land stream miles with vegetative buffer: 0.9
Ag land stream with buffer: 75%

Legend
Ag Land Stream Buffers
Width of Vegetative Buffer

7\~ Attainment Stream
9 Watershed Boundary

Roads Maine DEP, MEGIS, NHD
> 75 feet [em— T B d @ AGHcal FBE
" " i own bounaar riculture
Width of Vegetative Buffer —J y - Map
I <75 feet FB Environmental
0 0.75 1.5 225 3 November, 2012
Miles

Georegion
St. John

Data Sources

~"~— Tributaries

Figure 8: Agricultural Stream Buffers in the Moose Brook Watesd
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UPPER KENDUSKEAG STREAM DESCRIPTION

The Upper Kenduskeag Stream is located th
Penobscot Rivershed in the towns of Dextel
Garland, Exeter, and Corinth, with the majority
of the watershed located within Garland; a sma
portion of the watershed is also located withir & /
the town of Charleston. The watershed cover ES S
approximately 26 square miles, and is |
predominantly forested (74%), with large
agricultural fields (13%) scattered throughou
and rural residential development alonc
roadways. The Upper Kenduskeag Strear
watershed is lightly developed (6%) and ha:
some wetlands (6.5%) concentrated primarily it
the downstream eastern portion of the
watershed. See Figure 9 (below) for land use i
the Upper Kenduskeag watershed.

Upper Kenduskeag Stream at Station 508
The Upper Kenduskeag Stream originates in a Photo: FB Environmental
wetland area in Dexter and flows east and
southeast crossing multiple roads to its endpdirth@ Exeter Road crossing in Corinth (DEP Station
508). A total of 60 cows, 9 horses and 4 goats wbeerved within the watershed.

Upper Kenduskeag Stream is a statutory Class Bstrimat attained Class A numeric aquatic life
criteria for benthic macroinvertebrates in 2001 angd011 at Station 508 in Corinth. The streamrthtl
meet narrative aquatic life standards for alga20@1 but attained Class A standards in 2011 ato@tat
508. Dissolved oxygen measured on six occasio880i, 2005 and 2011 at Station 508 was above the
Class B criterion of 7 ppm.

As shown in Figure 10, 2.3 miles of Upper Kendugk8&ream and tributaries flow through or within 75
feet of agricultural areas, and 0.8 miles, or 36%these portions have vegetative buffers.
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Figure 9: Land Use in the Upper Kenduskeag Stream Watershed
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Figure 10: Agricultural Stream Buffers in the Upper Kendusk&iggam Watershed
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UPPER PLEASANT RIVER DESCRIPTION

The Upper Pleasant River is located in the sousisted
region and covers 5.8 square miles in the townralyG
Maine. The watershed is predominantly foreste g
(71.3%), but has some agricultural areas (6.4%) a E#E
developed land (11.9%). See Figure 11 (below) fc S
land use in the Upper Pleasant River watershed.

The river originates in a forested area in the heri
portion of the watershed. It then flows southwes
through a wetland and across two major roadwa
(Interstate 95 and Portland Road) that run nortiikso
bisecting the watershed. The Upper Pleasant Ringar t
continues east into a low density residential are %% ;
intersects three roadways (Hunt's Hill Road, Barke — s s s
Avenue, and Totten Road) before its confluence wit.,

the Pleasant River. Upper Pleasant River at Station 394
on Totten Road in Gray.
Photo: FB Environmental

Upper Pleasant River is a statutory Class B strémamn
attained Class B numeric aquatic life criteria for
benthic macroinvertebrates in 1999, 2005 and 20H83aion 394. It also attained narrative aquifiec
standards for algae at Station 394 in 1999, 200052and 2010. Dissolved oxygen measured on seven
occasions in 2005 and 2010 at Station 394 was bislewClass B criterion of 7 ppm (at 6.5 ppm) on two
occasions but above the criterion on five occasioMisine DEP staff attributed the low values to the
effects of the large wetland at Gray Meadows rathan nonpoint source pollution (Evers, personal
communication).

As shown in Figure 12, 0.2 miles of Upper Pleastimer and tributaries flow through or within 75 fee
of agricultural areas, and 0.09 miles, or 45%hefke portions have vegetative buffers.
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Figure 11: Land Use in the Upper Pleasant River Watershed
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Figure 12: Agricultural Stream Buffers in the Upper Pleasdiver Watershed

APPENDIX 2

Page26 of 34



Maine Statewide TMDL for NPS Pollution June 2016

RAPID HABITAT ASSESSMENT

A Habitat Assessment survey was conducted on
both the impaired and attainment streams. The RAPID HABITAT ASSESSMENT
assessment approach is based on Rapid SCORES
Bioassessment Protocols for Use in Wadeable for Attainment and Impaired Streams
Streams and River@arbour et al., 1999), which 200
integrates various parameters relating to the
structure of physical habitat. The habitat 160
assessments include a general description of the
site, physical characterization and visual
assessment of in-stream and riparian habitat 180 1—¢ t
quality.

170 +—¥%
Based on Rapid Bioassessment protocols for low
or high gradient streams, each attainment reach o 160 ¢
was given a score from O to 200. Higher scores| 8 4 .
indicate better quality of habitat. The range of g 150 —e—Attainment
habitat assessment scores for attainment stream| 5 —o—Impaired
was 155 to 179. T

140
Habitat assessments were conducted on a
relatively short sample reach (about 100-200 130
meters for a typical small stream) that was located
near the most downstream Maine DEP sample 120
station in the watershed. For both impaired and *
attainment streams, the assessment location wa 110
usually near a road crossing for ease of access
Further assessment of this parameter, including 100
effects of proximity to road crossings and

regional variation, is recommended. Figure 13
(right) shows habitat assessment scores for all Figure 13: Habitat Assessment Scores
attainment and impaired streams.

Livestock Estimates

MapShed automatically converts animal numbers artonal units (equal to 1000 kg of livestock),
which have associated animal-specific nutrient potion rates by livestock type. Manure and nutrient
generation by livestock is added to nutrient rurfagtires specific to each land use type. Manure is
routed through three primary transport mechanis(d3: Runoff from confined spaces, such as
barnyards, (2) runoff from crop and pasture lan@sewanimal waste has been applied, and (3) runoff
from pasture from grazing animals. Pollutant logdolue to livestock is provided in the MapShed
results. Table 3 (below) provides estimates ofsliwek (numbers of animals) in the attainment stream
watersheds.

The attainment streams, in general, show lowestogk numbers than in the majority of the impaired

stream watersheds. Per square miles of waterskeaq @ne figures remain very low and average just
under 2 animals per square mile. In impaired whtats, livestock numbers ranged from zero to 44 per
square mile, with an average of 7.0 per square mile
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Table 3: Livestock Estimates in Attainment Stream Watersheds
Type Footman | Martin | Moose | Upper Kenduskeag | Upper .Pleagant Total
Brook | Stream | Brook Stream River
Dairy Cows 10 50 15 75
Beef Cows 5 10 15
Broilers
Layers
Hogs/Swine
Sheep
Horses 9 9
Turkeys
Other 4 4
Total 5 0 10 73 15 103
Average
Animalssgmi.|] 1 | 0o | 1 | 3 | 3 | 16

Vegetated Stream Buffer in Agricultural Areas

Vegetated stream buffers are areas of trees, shanld#or grasses adjacent to streams, lakes, ponds
wetlands which provide nutrient loading attenuat{&vans & Corradini, 2012). MapShed considers
natural vegetated stream buffers within agricultam@as as providing nutrient load attenuation. The
width of buffer strips is not defined within the pfahed manual, and was considered to be 75 feet for
this analysis. Geographic Information System (Gd8alysis of recent aerial photos along with field
reconnaissance observations were used to estitmataumber of agricultural stream miles with and
without vegetative buffers, and these estimate®weectly entered into the model.

As discussed in the attainment stream watershextigisns above, very few portions of the attaintnen
streams flow through or within 75 feet of agricuttulands. In cases where portions of the stream do
flow near agricultural areas, the attainment stseane commonly very well buffered from agricultural
runoff. Table 4 (below) displays agricultural streaniles and agricultural stream buffer miles fdr al
attainment streams. Agricultural stream miles (asdeted) with a 75-foot vegetated buffer in the
attainment stream watersheds ranged from 34% to\W2koan average of 61% buffered stream miles.
By contrast, agricultural stream miles with buffeasged from 6 to 100%, with an average of 49% in
impaired watersheds.

Table 4: Vegetative Buffers to Agricultural Lands in Attaient Stream Watersheds

Footman | Martin | Moose s Upper
Kenduskeag | Pleasant | Average
Brook | Stream | Brook _
Stream River
Total Stream Miles*
(As Modeled) 3.9 73.2 23.1 38.3 7.6 29.2
Agricultural Stream Miles 0 1.2 1.2 2.3 0.22 1.0
Percent Agricultural . . , . )
Stream Miles Buffered n/a 92% 75% 35% 41% | 61%

* Including tributaries.
APPENDIX 2
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Attenuation by Lakes, Ponds and Wetlands

MapShed considers depositional environments sucpoasls and wetlands to attenuate watershed
sediment loading. This information is entered itite model by a simple percentage of watershed
draining to a pond or a wetland. The percent ofevgted draining to a wetland in the attainment
watersheds ranged from 15% to 60% with an averdd@b% (Table 5, below). By comparison, the
percent of watershed draining to a wetland in imgzhstream watersheds ranged from 0% to 75%, with
an average of 12%.

Table 5: Attenuation by Lakes, Ponds and Wetlands in thaidthent Stream Watersheds

Footman | Martin M oose 3fpEs SJglpes
Kenduskeag Pleasant Average
Brook Stream Brook )

Stream River

Watgrshed Areathat 4% 9% 16% o 9% 9%
isWetland
Watershed Area 0 0 0 0 0 0

Draining to Wetlands 18% 60% 20% 15% 60% 35%

NUTRIENT M ODELING RESULTS

The MapShed model simulates surface runoff usinly deeather inputs of rainfall and temperature.
Erosion and sediment yields are estimated usingtimhpoerosion calculations based on land use, soll
composition, and slope values for each source &esdiment delivery ratio based on the area of the
watershed and a transport capacity based on avelage runoff is then applied to the calculated
erosion figures. Sediment loading for each sourea &.e., land cover category) is then determined
(Evans & Corradini, 2012).

Below in Tables 6, 7, and 8, loading for phosphpnisogen, and sediment are presented for each of
the attainment stream watersheds. There are tweg@aés of loads: sources and pathways. The
pathways represent additional loads which, accgrdinMapShed developers, originally are derived

from the same source categories, and in the saopomions, as the source loads (Evans, personal
communication).

The MapShed output data selected for this TMDLxXpressed as kilograms per hectare per year by
source and land use category. The TMDL is the geedd five attainment stream loading values for
each pollutant, defining a single statewide TMDIailp values may be derived by dividing the annual
figure by 365.
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Table 6: Total Phosphorus Results and Total Maximum Daityad. Calculations for Attainment
Streams

Total Phosphorus
kalyr
Footman Martin Moose IPIPED 2R
Sour ces/Pathways Kenduskeag Pleasant
Brook Stream Brook Stream River
Sour ce L oads
Hay/Pasture 57.1 93.8 36.5 204.4 47.3
Crop land 236.6 156.1 468.1 520.2 17.1
Forest 37.5 122.9 49.3 140.9 34.4
Wetland 3.4 28.5 27.0 20.7 6.5
Disturbed Land 0 0.3 3.5 0 0
Sandy Areas 0 0
Low Density Mixed 0.3 9.1 7.8 3.9 10.7
Medium Density Mixed 0 0 0 0 0
High Density Mixed 28.0 86.7 23.1 175.2 28.0
Low Density Residential 0 0 0.3 0 2.7
Medium Density Residential 0 0 0 0 0
High Density Residential 0 0 0 0 0
Farm Animals 7.0 0.0 17.4 146.1 28.7
Septic Systems 0.8 194 0.8 3.2 4.2
Source Load Total: 370.6 516.9 633.7 1214.5 179.4
Pathway L oad
Stream Banks 1.0 13.2 5.7 20.1 1.7
Subsurface / Groundwater 197.4 953.9 496.2 718.5 142.9
Total Watershed Mass Load: 569.0 1484.1 1135.6 1953.1 323.9
Total Watershed area (ha): 1741 10,753 4564 6686 1504
_ 0.33 0.14 0.25 0.29 0.22
Loading by Watershed
kg/halyr  kag/halyr kag/halyr ka/halyr kag/halyr
Total Maximum Daily Load 0.24
(average of watersheds): kg/halyr
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Table7: Total Nitrogen Results and Total Maximum Daily Lo@dlculations for Attainment Streams

Total Nitrogen
kalyr
Footman Martin M oose Upper Upper
Sour ces/Pathways Br ook Stream Brook Kenduskeag Plegsant
Stream River
Sour ce L oads
Hay/Pasture 140.3 277.8 94.6 541.2 157.5
Crop land 1820.0 1609.8 4598.7 4646.7 180.2
Forest 646.2 2246.5 878.9 2404.6 644.8
Wetland 64.5 600.8 522.1 394.1 136.4
Disturbed Land 0 0.8 7.9 0 0
Sandy Areas 0.1
Low Density Mixed 2.5 90.6 71.4 354 105.8
Medium Density Mixed 0 0 0 0 0
High Density Mixed 275.4 927.9 227.6 1713.6 299.6
Low Density Residential 0 0 2.6 0 26.5
Medium Density Residential 0 0 0 0 0
High Density Residential 0 0 0 0 0
Farm Animals 204 0 934 753.2 153.6
Septic Systems 112.2 1518.0 138.4 272.2 140.4
Source Load Total: 3081.5 7272.3 6635.3 10761.1 1844.8
Pathway L oad
Stream Banks 2.0 46.4 15.6 55.0 7.4
Subsurface / Groundwater 8128.8 28926.3 20255.3 26458.9 5132.0
Total Watershed Mass Load: 11212.2  36245.0 26906.2 37274.9 6984.2
Total Watershed area (ha): 1741 10,753 4564 6686 1504
_ 6.44 3.37 5.90 5.58 4.64
Loading by Watershed
kg/halyr  kg/halyr  kg/halyr kag/halyr kag/halyr
Total Maximum Daily Load 5.2
(average of watersheds): kg/halyr
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Table 8: Total Sediment Results and Total Maximum Daily L&alculations for Attainment Streams

Total Sediment
1000 kglyr
Footman Martin Moose SIS A
Sour ces/Pathways Br ook Stream Br ook Kenduskeag Plef'ﬁant
Stream River
Sour ce L oads
Hay/Pasture 2.80 4.00 1.48 12.56 2.47
Crop land 82.76 21.50 59.92 149.85 4.76
Forest 5.51 16.92 6.06 24.72 4.87
Wetland 0.10 0.36 0.64 0.65 0.07
Disturbed Land 0 0.03 1.15 0 0
Sandy Areas 0.02
Low Density Mixed 0.08 181 2.31 1.19 2.26
Medium Density Mixed 0 0 0 0 0
High Density Mixed 6.16 12.77 0.08 39.30 4.13
Low Density Residential 0 6.59 0 0 0.56
Medium Density Residential 0 0 0 0 0
High Density Residential 0 0 0 0 0
Farm Animals 0 0 0 0 0
Septic Systems 0 0 0 0 0
Source Load Total: 97.4 64.0 71.6 228.3 19.1
Pathway L oad
Stream Banks 2.89 26.78 22.75 87.74 4.43
Subsurface / Groundwater 0 0 0 0 0
Total Watershed Mass Load: 100.3 90.8 94.4 316.0 23.6
Total Watershed area (ha): 1741 10,753 4564 6686 1504
0.06 0.01 0.02 0.05 0.02
Loading by Watershed 1000 1000 1000 1000 1000
kg/halyr  kg/halyr  kg/halyr kg/halyr kg/halyr
Total Maximum Daily L oad 0.030
(average of watersheds): 1000 kg/halyr
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