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INTRODUCTION

The purpose of this report is to provide results from the Lake Loading Response Model (LLRM) developed for
Adams Pond. The LLRM is an Excelbased model that uses environmental data to develop a water and

phosphorus loading budget for lakes and their tributaries

1. Water and phosphorus loads (in the form of mass

and concentration) are traced from various sources in the watershed through tributary basins and into the

lake. The model requires detailed and accurate inform

and more.

The following describes the process by which these critical inputs were

using available reso urces and GIS modeling, and

presents in-lake annual average predictions of
phosphorus, chlorophyll -a, and Sec chi disk transparency. The outcome of this model can

ation about the waterbody, including the extent
and number of sub -basins draining to the lake, the type and area of
water quality data for the deep spot and tributary outlets, lake volume, septic system loading estimate

land cover s within those sub -basins

determined and input to the model
total
be used to

identify current and future pollution sources, estimate pollution limits and water quality goals, and guide

watershed improvement projects.

WATERSHED AND SUBASIN DELINEATIONS

Watershed and t ributary drainage basin (sub -basin)
boundaries are neededto  determine both the amount
of water flowing into the  lake and the area of different
land cover types contributing to nutrient loading. The
Boothbay Region Water District (BRWD) provided FB
Environmental Associates (FBE) with GIS files created by
Wright -Pierce  Engineering. These files included
modeled sub -basin boundaries , watershed boundaries
for both Knickerbocker Lake and Adams Pond , and
modeled stream flowlines . FBE used 2foot contour data
deve loped from LIDAR imagery , as well as the modeled
stream flowlines, to manually confirm the  modeled sub-
basin boundary delineations , some of which were
manually snapped to the watershed boundary . FBE
performed ground -truthing in the watershed to identify
flow directions , especially in areas where stormwater
systems redirected flows The following describes
changes to the original files (Figure 1):

1 A section of land north of Adams Pond was

removed from the watershed due to
topographic assessment of 2 -foot LiDAR
imagery and ground  -truthing .

A section of land at the southern edge of the
watershed was removed due to water re -
routing from new development for the

Revised Flow
Direction

~—— Edited Flowline
~n~~ QOriginal Flowline
$ Wwaterbody
Road
Original Watershed Boundary
C3 Edited Watershed Boundary

N

AR —— s
FIGUREL. Comparison between o0 or i gi nal 6
stream flowlines and watershed files developed by
Wright -Pierce Engineeringand o0 edi t ed 6
flowlines and watershed files  ground -truth ed and
updated by FBE, BRWD, and STI . Updated flowlines
we re estimated.

st

1 AECOM (2009). LLRM Lake Loading Response Model Users Guide and Quality Assurance Project Plan. AECOM, Willington, CT.
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Boothbay Harbor Country Club. These changes were supplied by Sebago Technics, Inc. (STI).

1 Stream flo wlines were shifted east to cross under the entrance to the Boothbay Fire Station instead
of flowing around the west side of Big Al ds Self Stor
locations were confirmed in the field by FBE and reviewed by BRWD.

1 Stream flowlines from a culvert crossing under Route 27 located just north of Boothbay Center and
south of a funeral home parking lot were added based on comments from BRWD. Not noted on
map (Figure 1).

9 Direct drainage was incorporated to the sub -basin file and confirmed in the field . Attention was
given to culvert crossings along Route 27. Boundaries near sub -basin outlets were manually
updated based on ground  -truthing.

The final sub -basin delineation is shown in Figure 2.

ADAMS POND AREA:
0.1 SQ. MI. (78.3 ACRES)

'Adams Direct;

ADAMS POND WATERSHED AREA:
1.5 SQ. MI. (943.4 ACRES)

~"~~ Flowline

& Waterbody

Road

CS Watershed Boundary

A 0 0.25 0.5
Miles

FIGURE 2 Final sub-basin boundaries for the Adams Pond watershed . The 14 sub -basins are shown in various
contrasting colors and are labeled in blue with white shadowing.

Source: MaineGlIS, Boothbay Region Water District,
ESRI DigitalGlobe, NHD Hydrography

Projection: NAD 1983 UTM 19N

Created By: FB Environmental, August 2017
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LAND COVER UPDATE

Land cover is the essential element in determining how much phosphorus is contributing to a lake via
stormwater runoff and baseflow . A significant amount of time went into reviewing and refining the land
cover data. The 2004 Maine Landcover Database (MELCD) accessed from the Maine Office of GIS was
used as a baseline for editing.  First, the MELCD categories were plugged into similar LLRM land cover
categories (refer to Attachment 1). Next, rectan gular grids (or quads) were created to break up the
watershed into more manageable portions for review.

2015 NAIP aerials from USDA NRCS Geospatial Data Gateway were compared to Google Earth satellite
images as recent as 5/9/2016 for major land cover changes in each quad. If discrepancies between the
aerials and the MELCD file were found, changes were made using the Topology tool for editing polygon

verti ces or the Editor tool for splitting polygons. Each new polygon was relabeled in the attribute table with

the appropriate LLRM land cover category. Land cover was reviewed and further refined based on
feedback from BRWD. FBEconfirmed trouble land cover ar  eas in the field.

A few assumptions or actions were made during this process:

T Defaul t for forested | and cover was OForest 3: Mi xedo

T Agricul tural fields that were clearly not pasture or
it was difficult to discern whether a field was hayfield or cover crop and so no cover crops were
delineated in the watershed,; BRWDhel ped to distinguish hayfields fro
2: Meadowd) or extensive | awnprivafedndaddwa nwebe: mowau e mceSp a c e |
per year while lawns or open space areas were mowed more than once per year

T Residenti al or commerci al |l awns, cemeteries, Gpend at hl
Space 6
1 Shrubby areas that were natural or may have been the result of a logging operation , but were
regenerating wer e | abeled as -8lFowkeét 5: Scrub
1 Major bare soil areas that were not associated with new residential home construction were labeled
as 00Open 3: Excavationd
1 Palustrine wetland areas from the National Wetlands Invento ry (NWI) were added as
Wetl andsdé; a new category 00Other 1: Freshwater Emer ge.
coverage of th is wetland type in the watershed
1 Unpavedroads fromthe Maine911 r oads | ayer were added asdo®»®t her 1:
The resulting updated land cover file is a more accurate representation of current land cover within the
Adams Pond watershed . The most significant changes to land cover were the addition of agricultural areas
and open space (lawns) and the refinement of developed areas  (refer to Figure 3 for zoomed -in examples

of OoObefored and oafter ¢ lambcdverf is shawnin&igused.. The fi nal

Agricultural and developed land were checked carefully since modeling coefficients (i.e., phosphorus
expor t) are generally higher for these land cover type s. Aerials were checked thoroughly for each major
agricultural or developed area to distinguish between hayfields, grazing/pasture , lawns, and private
meadows . Refer to Attachment 2 for ex amples of how some land  cover categ ories were distinguished in
the watershed.

Within the LLRM, an export coefficient is assigned to each land cover to represent typical concentrations

of phosphorus in runoff and baseflow from those land cover types (Attachment 3). Unmanaged fo rested
land, for example, tends to deliver very little phosphorus downstream when it rains, while row crops and

low to high density urban development export significantly more phosphorus due to fertilizer use, soil
erosion, car and factory exhaust, pet was te, and many other sources. Smaller amounts of phosphorus are

FB Environmental Associates 3
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also exported to lakes and streams via groundwater under baseflow conditions.  This nutrient load is
delivered with groundwater to the lake directly or to tributary streams. Attachment 3 presents the runoff
and baseflow phosphorus  export coefficients for each land cover type used in the model, along with the
total land cover area by land cover type and sub -basin. These coefficients were based on values from
Tarpey 2013, 2001 East Pond TMDL Report, Reckhow e t al. 1980, Hutchinson Environmental Sciences Ltd
2014, and Schloss and Conno r 2000, among others . Figure 5 shows a basic breakdown of land cover by
major category forthe entire watershed (notincluding lake area) , aswell as total phosphorus load by major
land cover category . Developed areas cover about 13% of the watershed and contribute 71% of the total
phosphorus watershed load to Adams Pond.

Land Use Category
Agric 2: Row Crop

ﬁfg Agric 3: Grazing
Agric 4: Hayfield

“ Forest 1: Deciduous
Forest 2: NonDeciduous
Forest 3: Mixed
Forest 4;: Wetland
Forest 5: Scrub-Shrub

1, Forest 6: Forest Regeneration

“ Open 1: Open Water
Open 2: Meadow
Other 1: Freshwater Emergent Wetland
Other 2: Unpaved Road
Other 3: Excavation
Other 5: Light Partial Cut
Other é: Heavy Partial Cut
Other 7: Unconsolidated Shore
Urban 1: Low Den Res
Urban 2: Mid Den Res/Comm

{ Urban 3: Roads

O€ uran 4 industrial

“ Urban 5: Open Space

Source: MaineGlIS, Boothbay Region Water N

District, ESRI DigitalGlobe, NHD Hydrography
Projection: NAD 1983 UTM 19N
Created By: FB Environmental, August 2017

750

0 375
I 0000 (fcet

FIGUREB.Ex ampl es of 0bef dandcovera flaimodifedtianefor the Adams Pond waters hed for
developed areas.
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Land Use Category
Agric 3: Grazing
Agric 4: Hayfield

Forest 1: Deciduous

44 Source: MaineGIS, Boothbay Region Water District,
:40 ESRI DigitalGlobe, NHD Hydrography
Projection: NAD 1983 UTM 19N

Created By: FB Environmental, August 2017 N
0 0.25 0.5 A

Forest 2: NonDeciduous
Forest 3: Mixed

Forest 4: Wetland
Forest 5: Scrub-Shrub
Open 1: Open Water

Open 2: Meadow
Ofther 1: Freshwater Emergent Wetland
Other 2: Unpaved Road
Urban 1: Low Den Res

Urban 2: Mid Den Res/Comm
Urban 3: Roads
Urban 4: Industrial

RRRRXRRRRRR X

Urban 5: Open Space

FIGURE 42004 Maine Land Cover D atabase (MLCD) data with updated LLRMIand cover categories. Notable
differences include refined Urban 1 and 2 cate gory delineations, overlay of new Other 1: Freshwater Emergent
Wetland and Other 2: Unpaved Roads categories , and refinement of hayfield, grazing, lawn, and meadow areas.

Quads 1 -78 split the watershed into manageable sections for review.
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Watershed Land Cover Area TP Load by Land Cover Type

ne <% 3% 3%

| 13%

= Agriculture
= Developed

Forest

= Water/Wetlands
76%
FIGURES. Watershed land cover area by general category (developed, agriculture, forest, and wat er/wetlands) and
total phosphorus (TP) load by general land cover type. This shows that althou gh developed areas cover1 3% of the

watershed, these areas are contributing 71% of the TP load to Adams Pond .

OTHER MAJOR LLRM INPUTS

The following presents a bri ef outline of other variable sources and assumptions input to the model

1

|l

Annual precipitation data were obtained from the BRWD Water Treatment Plant weather station
(Davis Vantage Pro 2, 43.889285, -69.634216). The average annual precipitation totals from 2008-
2016 were input to the model (43.3 in or 1.1 m).

Lake volume and area estimates were obtained from the BRWD bathymetry shape file. The lake
volume estimate from the BRWD file was 33% higher than the NHD bathymetry shapefile obtained
from the Maine Of fice of GIS (based on sounding depths taken on 10/13/2011); the reason for this

large difference was unclear, but the BRWDfile was assumed to be more accurate. The lake surface
area estimate from the BRWDfile was within 1.8% difference of the NHD file.

Septic system data were obtained from a Tanks_Septic.shp file given by Wright Pierce Engineering.

The file contained survey information collected by BRWOD. Points were selected by location within
250 feet of all water, including the pond, streams, and wetla nds. Data were further reviewed by
BRWDfor year -round or seasonal status and annual water usage.

Water quality data were obtained from the BRWD and Maine DEP . The model was calibrated using
tributary and lake samples taken between 20 10 and 201 7 (recent 10 years, no data collected from
2008-2009). Sites were only included if they were a relatively close match to the outlet of a sub -basin
used in the model. Data were summarized by day, the n month, then all data to obtain
median/mean water quality summaries for total phosphorus, chlorophyll -a, and Secchi Disk
Transparency.

Assumed 10 waterfowl (0.3 per hectare) were contributing to the phosphorus load for half the year.
Waterfowl can be a dire ct source of nutrients to lakes; however, i f they are eating fro m the lake
and their waste returns to the lake, the net change may be less than might otherwise be assumed;

even so , the phosphorus excreted may be in a form that can be readily used by algae and plants .

Annual trout stocking data were obtained by the BRWD from the Maine Department of Inland
Fisheries & Wildlife. The average annual mass of fish added to Adams Pond from 2007 -2016 was
used to estimate the mass of additional phosphorus that may be added to the system. This equated

to a relatively insignifican t amount.

The water volume and mass of phosphorus extracted from Adams Pond for drinking water use was

FB Environmental Associates 6













































