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We have very much enjoyed working with the people concerned with the water quality of Lake 
George and Oaks Pond. We hope that the work done by Colby students and presented in this 
report will be of value to them and to other interested parties. We realize that some areas of the 
study could and perhaps shoul be expanded. We feel confident in the quality of the work done 
and only wish that more time had been available to conduct a more comprehensive study. 

This report is the work of students enrolled in the Problems in Environmental Science course 
(Biology 493) taught at Colby College during the fall semester of 2001. This course is taken by 
seniors who are majoring in Biology, most with a concentration in Environmental Science. The 
students work as though they were an environmental consulting firm. The object of the course is 
to teach the students how to approach a problem, how to develop a work plan, and what is 
necessary to implement the plan successfully. As part of this learning process, the students use 
methods and tools they have learned in other courses and they are also introduced to other 
methodology as needed. Standard methods of analysis are used as well as state of the art 
instrumentation for any of the original analysis conducted. The methods used were those 
approved by EPA and/or the DEP. However, there are time constraints involved in the study 
since all requirements for the course must be completed within the fall semester. These 
constraints mean that some of the new data can only be gathered in the months of September 
through early November and, typically, that extensive analysis can not be done. Some of the 
water quality data were gathered during the previous summer and made available to the class for 
analysis in addition to their fall sampling. In order to teach various techniques and to have the 
students consider a problem from a number of angles, the project is expanded to more areas than 
a group might normally take on for a short-term project. This means that in some ways we 
sacrifice depth for more breadth. 

While the class was constrained by time, they have managed to accomplish an amazing amount 
of work during that period and we are very pleased with the quality of that work! We hope that 
you find it useful. 

The first section of the report provides background material, somewhat general in nature, which 
will help readers who are not familiar with some basic concepts concerning lakes and their 
watersheds. There is also a small section discussing the general features of the lake itself. The 
majority of the report consists of the analysis done by students during the fall semester class . 
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PROJECT SUMMARY 

The water qual i ty of Lake George and Oaks Pond is currently below the critical range 
for phosphorus ( 1 2  to 15 ppb), which i s  the primary cause of algal blooms. These low levels 
of phosphorus are one of several characteristics that classify both lakes as mesotrophic. The 
results of other physical and chemical tests were also within acceptable ranges for healthy 
lakes with the exception of dissolved oxygen and alkalinity. Oxygen depletion is occurring 
in deep areas of both lakes,  which can affect the cold water fisheries negatively and is  an. 
early warning sign of eutrophication . Alkalinity helps to buffer � lake by mitigating the 
effects of acid deposition . Our study indicates low alkal inity for both lakes and a resulting 
sensiti vity to acid inputs . We calculated a water budget and annual flushing rate for both 
lakes.  The flushing rate is a measure of how fast water is replaced within the lake and re­
flects the nutrient/pollution cleansing abi l ity of the lake. The flushing rate for Oaks Pond i s  
more than five times faster then that of  Lake George. Consequently, Lake George has a 
higher sensiti vity to nutrient loading than Oaks Pond. However the water quality of Lake 
George and Oaks Pond are closely related because Lake George drains into Oaks Pond. 

A primary obj_ecti ve of our study was to identify land use patterns within the water­
sheds and document their effects on water qual ity because land use influences the magnitude 
of phosphorus inputs into the lakes .  A Geographic Information System (Arc View) was an 
invaluable tool for analyzing land use and development trends, through the construction of 
composite maps and models .  Land use in the watersheds changed dramatically over the 42-
year period studied. A comparison of 1955  and 1997 land use patterns, made possible from 
aerial photographs ,  showed a maj or increase in mature forests in the Lake George watershed 
and a drastic decrease in agricultural land in both watersheds . The mature forests help to 
mitigate erosion and phosphorus loading that can affect water quali ty. 

Active logging of these mature forests within the Lake George watershed, particu­

larly, i s  a concern and use of best management practices is recommended. Compliance with 
the Natural Resources Protection Act is  also important. Future logging is more likely but less 
suitable in the Lake George watershed and more suitable but less likely in the Oaks Pond 

watershed as determined by the logging sui tabi l ity model . The model integrates soi l types 

and slope of the land to project areas that could support logging with minimal detrimental 

effects on lake water qual ity. 
Shoreline residenti al land increased from very few residences in 1955 to approxi ­

mately 34  houses today. Oaks Pond has experienced a simi lar increase in the number of 

shoreline residences.  This  land use type is of particular concern because of the greater 

potential for
� 
nutrient loading from shoreline development and septic systems than from these 

activities in non-shoreline areas of the watershed. S horeline development may cause in­

creased erosion and phosphorus loading caused by the presence of impervious surfaces and 

by disturbance of shorel ine vegetation . Oaks Pond is at a higher ri sk for these problems 

because of the high number of shorel ine camps and the potential for conversion of camps 

from seasonal to year round use . Lake ·aeorge is at less ri sk due to the Lake George Re­

gional Park, which owns a substantial portion of the lake shoreline and subsequently reduces 

the potential for problems related to shoreline development. Instal lation of adequate shore­

line buffer strips in front of residences is an e.conomical and effective way to mitigate erosion 

and subsequent nutrient loading. B ased on our analysi�, 69 percent of buffer strips on Lake 

George and 33 percent of buffer strips on Oaks Pond were adequately buffered. 

·-



Roads are significant pathw ays for nutrients to enter the lakes. Most of the roads 

surrounding Oaks Pond run in close proximity to the shoreline and are an immediate threat to 

water quality. Two of these roads are classified as high psk. The majority of all roads in the 

combi ned Lake George and Oaks Pond watershed were cfassified as being a risk to lake 

water quality. There is one high-risk road in proximity to Lake George. _ 

We believe that the Lake George Regional Park has been practicing ecologically 

sound stewardshi p  of the land under its control . However, the public boat launch ,  gravel 

parking lots, and the east side access road are of particular concern for water qual i ty manage­

ment. These areas all contribute to erosion and potential nutrient loading. The Regional Park
. 

can play an i mportant role  in protecting Lake George by working to enhance buffering 

around the boat launch,  parking areas, and along the park access roads . The park septic 

systems on the east and west s ides of the park are under their projected capacity. However, 
increased park visitation could threaten their abi l i ty to function optimal ly  and result i n  a 
negative i mpact on l ake water quali ty. Thi s  i ssue i s  especially of concern on the east side 
where v isi tation rates are highest and the septic field i s  located c lose to the sho_reline.  

The Colby Environmental Assessment Team developed a phosphorus model as part of 
our study to project  current and future phosphorus inputs into Lake George and Oaks Pond. 
Current proj ections were approximately equal to the values determined by our chemical 
analysi s .  The greatest contributors of phosphorus to the lakes determined by the model were 
roads, shoreline and non-shoreline residences, commercial/municipal lands, and the park. 
Our phosphorus model showed current inputs to be below the cri tical value of 1 2  to 1 5  ppb, 
which i s  the threshold for potential algal blooms. Future predictions from

_ 
our model for 

several development and logging scenarios suggest that resulting phosphorus inputs are not 
l ikely to exceed thi s  critical value . 

Invasive plant species are not present in  either l ake. However, there i s  the potential 
for accidental introduction through the launching of contaminated boats . Invasive aquatic 
plant species can cause serious economic and ecological damage to l ake communities and to 
the recreational resources of the l akes .  Education of boat owners is an important preventa­
tive measure that should be undertaken to address this potenti al threat. 

In summary, Lake George and Oaks Pond are presently within acceptable ranges of 
good water qual ity as defined by the study. To maintain present levels ,  appropriate actions to 
l imit erosion and nutrient loading should be taken. Community awareness through educa­
tional initiatives wil l  help lake stakeholders prevent future degradation of water quali ty. 

•, 
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INTRODUCTION 

GENERAL NATURE OF STUDY 

There has always been an inexplicable wonder associated with the beauty of Maine lakes.  In 

addition to their aesthetic value, lakes and ponds provide important habitats for aquatic and terres­

trial wildlife.  The attraction of the lake's  natural beauty, however, can increase recreational pres­

sures that may lead to human induced eutrophication . 

Eutrophication is  a natural aging process of lakes and ponds . This  process causes young, 

oligotrophic lakes (lakes that have low primary producti vity and biomass due to low concentrations 

of nutrients) to mature through the addition of nutrients from natural acti vities such as the decay of 

organic matter. (Chapman 1 996). Higher concentrations of nutrients lead to increased productivity of 

plants . Human acti vi ties can a�celerate eutrophication through nutrient loading. When nutrient 

levels become too high, algal blooms occur. Algal blooms are not only aesthetical ly unappealing but 

are also ecologically detri mental . Algal blooms can deplete dissolved oxygen levels that in tum 

decrease biodiversity (Smith and Smith 200 1 ) . 

Lake George and Oaks Pond were chosen as the Colby Environmental Assessment Team's 

(CEAT) study sites due to the concern about potential human induced eutrophication of both water 

bodies. Lake George and Oaks Pond are si tuated in southern Somerset County, Maine, and experi­

ence heavy recreational and developmental uses. Neither water body has experienced algal blooms, 

but both are vulnerable because of potential nutrient loading from human activities . 

The purpose of this study was to evaluate the impacts of land use patterns and development 

on the water quality of Lake George and Oaks Pond. The physical and chemical parameters of both 

lakes were measured in order to determine the present water quali ty. Development within the water­

sheds was documented through the assessment of residences, septic systems, and roads . Water 

quali ty and land use assessments were conducted by CEAT during the summer and fal l  of 200 1 .  

These results were then used to construct a phosphorus model to predict present and future phospho­

rus loading. A Geographic Information System (GIS) was used to construct models of land use and 

soi l characteri stics in the Lake George and Oaks Pond watersheds . The results obtained from the 

lake and watershed analyses were used to make recommendations concerning the future ecological 

health of Lake George and Oaks Pond. 
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BACKGROUND 

Lake Characteristics 

Differences Between a Lake and a Pond 

Lakes and ponds are inland bodies of standing water created either naturally through geologi­

cal processes or artifici al ly through human intervention (Smith and Smi th 200 1 ) . Lakes and ponds 

differ in their  size and depth profiles .  Lakes most often have greater surface area and are deeper than 

ponds. Lakes generally  develop both vertical and horizontal stratification. However, ponds do not 

stratify because of their shal low depth . Horizontal stratification in a lake divides the lake i nto zones 

based on sunlight penetration and the growth of vegetation. The l ittoral zone is the shal low-water 

zone in which sunlight can penetrate to the bottom allowing vegetation to grow from the substrate. 

The l imnetic and profundal zones make up the deep-water area where sunl ight cannot reach the 

bottom and rooted plants are not able to grow. A pond does not have this  zonation and it is shallow 

enough that vegetation can be rooted throughout (Smith and Smith 200 1 ) . 

The vertical zonation found in a lake is  dependent on density and water temperature. Deep 

lakes stratify with the cold, denser water on the bottom and the warm, less dense water on the sur­

face. Ponds and shallow lakes do not stratify because disturbance of wind and waves causes con­

stant mixing and temperature distribution . 

General Characteristics of Maine Lakes 

Lakes are a vital natural resource in Maine (Davis et al . 1 978) .  They provi de fresh water for 

swimming, fishing, drinking, l ivestock, and agriculture . Maine 's beautiful lakes draw many tourists 

throughout the year and serve as important habitats for wildlife.  

The majori ty of Maine lakes were formed during the Wisconsonian glac iation of the Ple is­

tocene period, which occurred approximately 10,000 years ago (Davis et al . 1 978) .  As a result of 

glacial activity in Maine , glacial ti l l ,  bedrock, and glaciomarine clay-si lt dominate most lake basin 

substrates .  General ly, these deposits and the underlying granitic bedrock are inferti le, making most 

of Maine 's lakes poor in nutrients . The mqvement of glaciers in Maine was predominantly south­

ea terly carvi ng out Maine lakes in a northwest to southeast direction (Davis et al . 1 978) .  This 

unique orientat ion along with lake surface area and shape play a fundamental role in the effect of 
wind on the water body. Wind is  an important factor in lake turnover, the mixing of thermal layers. 

Mo t lake in Maine are located in lowland areas surrounded by hi l ls  (Davis et al .  1 978) .  
Many lake ater hed within the state are forested and are potentially threatened by logging from 
ti mber comp nie nd other groups . Residential development of watersheds and increased construc­
t ion of lake re reation faci l i tie may al o pose a si gnificant threat to the water quali ty in many lakes 
and pond in Maine .  In water hed where agricul tural practices are not significant, residential 
de elopment and f re try con ti tute the mo t acute ources of human caused nutrient loading (Davis 
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et al .  1 978) .  

In Maine, many factors influence lake water quality :  proximity to the ocean, location within 

the state, residence time of water within the soi l ,  wetland influences, and bedrock chemistry (Davis 

et al . 1 978) .  Besides these factors , terrestrial and aquatic vegetation as well as unique habitat types 

may affect the water quality. Depth and surface area can affect temperature and turnover in the lake. 

Annual Lake Cycles 

Stratification, created by the different densities due to variations in temperature with depth, is  

an important component in the lake ecosystem. Water has the unique physical property of being 

most dense at 4° C (Smith and Smith 200 1 ) .  Water decreases in density at temperatures above and 

below 4 ° C, al lowing ice to float on the surface of lakes and ponds because it is less dense than the 

warmer water below it .  

In the summer, direct radiation warms the upper levels of the water column forming a layer 

called the epi l imnion, which hosts the most abundant floral communities (Davis et al . 1 978) .  The 

photosynthetic capacities of the plants create an oxygen rich stratum. However, �vai lable nutrients 

in the epi l imnion can be depleted by algal populations growing in the water column and may remain 

depleted unti l the turnover of early fal l (Smith and Smith 200 1 ) . The process of lake cycling is  

summarized in Figure 1 .  

Below the epilimnion is  the metal imnion, a layer of sharp temperature decline (Smith and 

Smith 200 1 ) .  Within this  stratum is the greatest temperature gradient in the lake called the ther­

mocline. This thermocline separates the epi limnion from the hypolimnion, the lowest stratum of a 

lake. The hypolimnion, only found in the deepest lakes, is  beyond the depth to which sufficient l ight 

can penetrate in order to faci litate effective photosynthesis (Figure 1 ) . It is  in the substrate of the 

hypolimnion where most decomposition of organic material takes place through aerobic and anaero­

bic biological processes . Aerobic bacteria break down organic matter quicker than anaerobic bacte­

ria, but they also significantly deplete the oxygen at these depths (Davis et al . 1 978) .  

When the temperature becomes colder, water temperature decreases and wind facilitates 

thermal mixing unti l the vertical profi le of the water column is  uniform in temperature. This  event, 

known as turnover, reoxygenates the lower depths and mixes nutrients throughout the strata. The 

cold water near the surface can hold increased levels of oxygen, which is redistributed to lower 

depths with turnover. Through this  process, organisms in the hypolimnion receive oxygenated water. 

A simi lar turnover event also occurs in the spring (Smith and Smith 200 1 ) . 

Lakes in Maine are classified as dimictic lakes because they experience overturn twice a 

year, once in the spring and once in the fall .  The summer stratification is  reversed during the fal l  

when the coldest water i s  on the surface and the warmer water ( 4° C )  i s  at depth . During the winter, 

significant snow cover on the ice may affect the photosynthetic processes under the ice by blocking 

some of the incoming solar radiation . Without oxygen replacement by photosynthesis,  organisms 

can deplete oxygen levels enough to cause significant fishkil ls  (Smith and Smith 200 1 ) . 
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Figu re 1. Mixing by means of lake turnover in dimictic lakes. During the summer, lakes 

are tratified into three layers (epilimnion, metalimnion, and hypol imnion). During the 

fall and pring the isothermal temperature and density facilitate the lake turnover and 

redi tribution of nutrients. In the winter, the lake is aga in stratified with the sl ightly 

armer ater on the bottom of the lake and the ice at the surface. 
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In the spring, solar radiation warms the upper stratum of the lake causing the colder surface 

water to sink, which combined with wind, overturns the lake. Once the temperature in the water 

column i s  uniform, oxygen and nutrients are again mixed throughout. As late spring approaches, 

solar radiation increases, stratification becomes evident and temperature profi les return to those of 

the summer (Smith and Smith 200 1 ) .  

Trophic Status of Lakes 

Lakes are di vided into four major categories based on nutrient levels : oligotrophic,  me­

sotrophic ,  eutrophic ,  and dystrophic (Appendix A; Maitland 1 990) . The mesotrophic characteriza­

tion is not included in Appendix A, because it is referred to as a transitional stage between olig­

otrophic and eutrophic states (Chapman 1 996). Young or oligotrophic lakes are lacking in nutrients , 

and eutrophic lakes are nutri nt rich (Niering 1985) .  Oligotrophic lakes tend to be deep and oxygen 

rich with steep-sided basins creating a low surface to volume ratio. These lakes contain high levels 

of nitrate and low levels of phosphorus,  the limiting nutrient for plant productivity in most freshwa­

ter ecosystems. The shape of a lake can also influence its productivity. Steep-sided oligotrophic 

lakes are not conduci ve to extensive growth of rooted vegetation because there is no shallow margin 

for attachment. 

Eutrophic lakes are nutrient rich (Chapman 1 996) and have a relatively high surface to 

volume ratio (Maitland 1 990) .  These lakes have a large phytoplankton population supported by the 

increased avai labi l ity of dissolved nutrients (Appendix A) . Low dissolved oxygen levels at the 

bottom of a eutrophic lake are a result of high decomposition activity. This  activity leads to the 

release of phosphorus and other nutrients from the bottom sediments, resulting in their eventual 

recycling through the water column (Chapman 1996). This  nutrient release stimulates further 

growth of phytoplankton populations such as algae (Smith and Smith 200 1 ) . Due to sediment 

loading over the years, eutrophic lakes tend to be shallow and bowl-shaped, which al lows for the 

establi shment of rooted plants. 

Dystrophic lakes receive large amounts of organic matter from the surrounding land, particu­

larly in the form of humic (dead organic) materials (Smith and Smith 200 1 ) . The large quantity of 

humic materials stains the water brown. Dystrophic lakes have highly productive l ittoral zones, high 

oxygen levels,  high macrophyte productivity, and low phytoplankton numbers (Appendix A) . Even­

tually, the invasion of rooted aquatic macrophytes chokes the habitat with plant growth. The lake 

basin is fi lled in,  resulting in the development of a terrestrial ecosystem (Goldman and Home 1 983) .  

The natural aging process of a lake begins as  oligotrophic and progresses through eutrophica­

tion, eventual ly becoming a terrestrial landscape (Niering 1 985) .  This  process can be greatly accel­

erated by anthropogenic activities, which increase nutrient loading. The United States Environmen­

tal Protection Agency (USEPA) characterizes the process of eutrophication by the fol lowing cri teria:  

1) Decreasing hypolimnetic dissolved oxygen concentrations 

2) Increasing nutrient concentrations in the water column 
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3)  Increasing suspended solids, especially organic material 

4) Progression from a diatom population to a population dominated by cyanobacteria and/or 

green algae 

5)  Decreasing l ight penetration (e .g . ,  increasing turbidity) 

6) Increasing phosphorus concentrations in the sediments (Henderson-Sellers and Markland 

1 987) 

As a lake ages,  i t  fil ls  with dead organic matter and sediment from various inputs that settle 

to the bottom. Lakes may receive mineral nutrients from streams,  groundwater, runoff, and precipi ­

tation . The increase in nutrient availability promotes primary productivity. Increased producti vity 

leads to more dead organic material that accumulates as sediment in lentic ecosystems (standing 

bodies of water such as lakes and ponds). Over time lakes will  fill  in,  decrease in size, and be 

replaced by a terrestrial community (Chiras 1994) .  

Phosphorus and Nitroa:en 

In freshwater lakes, phosphorus and nitrogen are the two major nutrients required for the 

growth of algae and macrophytes (Smith and Smith 200 1 ) .  Each nutrient has its own complex 

chemical cycle within the lake (Overcash and Davidson 1 980). An understanding of the cycles i s  

necessary to devise better techniques to control high nutrient levels .  

Phosphorus is  considered the most important nutrient in lakes because it  i s  the l imi ting 

nutrient for plant growth in freshwater systems (Maitland 1 990) . Phosphorus naturally occurs in 

lakes in minute quantities measured in parts per billion (ppb) . This  concentration i s  sufficient for 

plant growth , due to the high efficiency with which plants can assimilate phosphorus (Maitland 

1 990) .  There arc multiple external sources of phosphorus (Wil l iams 1 992) , but a large supply i s  also 

found in the lake sedi ments (Henderson-Sellers and Markland 1 987).  The cycle of phosphorus in a 

lake is complex· some models inc lude up to seven different forms of phosphorus (Frey 1 963) .  

Typically, two broad categories of  phosphorus exist in  lakes:  dissolved phosphorus (DP), and par­

ticulate phosphorus (PP). The phosphorus cycle of a stratified lake is summarized in Figure 2 .  DP i s  

an inorganic form of  phosphorus readi ly avai lable for plant use in  primary production . I t  i s  thi s  form 

of pho phorus that is limiti ng to plant growth.  PP is a form of phosphorus incorporated into organic 

matter such as plant and animal tissues. DP is converted to PP through the process of primary 

production .  PP then gradually sett les into the hypol imnion in the form of dead organic matter. PP 

c n b converted to DP through aerobic and anaerobic processes.  In the presence of oxygen, PP wi ll  

be c n erted to DP through decomposition by aerobic bacteria. In anoxic conditions, less efficient 

naerobic decompo ition occur (Lerman 1 978).  

An important re ction occurs in oxygenated water, which involves DP and the oxidized form 

of iron Fe I I I  Chapman 1 996) . Thi form of iron can bi nd with DP to form an insoluble complex, 

feni pho ph te v hi h can eff ti ely tie up large amounts of phosphorus as it settles into the 
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Figure 2. A model of the cycle of the major forms of phosphorus, dissolved (DP) 

and particulate (PP), within a lake ecosystem. The sedimentation of DP through 

complexation with Fe ( Ill) contributes to the build-up of DP in the sediments. Note 

the production of D P  in th e hypolimnion due to bacterial decomposition as wel l  as 

from the release of D P  from the Fe complex in the sediments during anaerobic 

conditions. The fact that the thermocline prevents DP from mixing between the 

surface and bottom water is critica l to the cyc le because it can allow for buildup of 

DP in bottom waters (adapted from Lerman 1978). 

bottom sediments . Fe (III) is  reduced to Fe (II) in the presence of decreased oxygen levels at the 

sediment water interface , resulting in the release of DP. The ferric phosphate complex, combined 

with the anaerobic bacterial conversion of PP to DP, can lead to a significant bui ld-up of DP in 

anoxic sediments. The sediments of a lake can have phosphorus concentrations of 50 to 500 times 

the concentration of phosphorus in the water (Henderson-Sellers and Markland 1 987). Sediments 

can be an even larger source of phosphorus than external inputs . DP concentrations bui ld up in the 

lower hypolimnion unti l fal l  turnover because nutrients are inhibited from mixing into the epilim­

nion during the summer by stratification . 

The fal l turnover results in a large flux of nutrients, creating the potential for algal blooms. 

Algal blooms can occur when phosphorus levels rise above 1 2  to 1 5  ppb. If an algal bloom does 

occur, DP wil l  be converted to PP in the form of algal tissues.  The algae die as winter approaches 

and the dead organic matter settles to the bottom where PP is converted back to DP and builds up 

again,  allowing for another large nutrient input to surface waters during spring overturn (Chapman 

1 996). 

Nitrogen, the other major plant nutrient, is not usual ly a limi ting factor for plant growth in 

lakes (Chapman 1 996). However, i t  is  sti l l  important to understand its cycle because high concentra­

tions can lead to algal blooms in the presence of phosphorus. 

Avai lable nitrogen exists in lakes in three major chemical forms : nitrate (N03-), nitrite 

(N02-), and ammonia (NH3) .  The nitrogen cycle is summarized in Figure 3. The majority of free 
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nitrogen in  a lake exists in  the form of nitrates (Maitland 1 990) .  This form of nitrogen i s  directly 

available for assimi lation by algae and macrophytes .  In eutrophic lakes ,  there may be so much algae 

and macrophyte growth that most of the nitrates in the lake are incorporated into plant tissues 

(Maitland 1 990) . Plants , however, cannot use nitrites . . Nitrate-forming bacteria in  aerobic condi­

tions convert nitrites to  nitrates .  Ammonia enters the lake ecosystem as  a product of the decomposi­

tion of plant and animal tissues and their waste products . It can fol low one of three paths .  Many 

macrophytes can assimilate ammonia directly into their tissues.  In aerated conditions,  aerobic 

bacteria wi l l  convert the ammonia directly to nitrates, the more usable form of nitrogen .  In anaero­

bic decomposition,  which commonly occurs in the sediments of stratified lakes,  nitrates can be 

reduced to nitrites .  If these anaerobic conditions persist, the nitrites can be broken down to e lemen­

tal nitrogen (N2) .  This form is not available to any plants without the aid of nitrogen-fixing bacteria. 

Plants depend on these bacteria to convert nitrogen to nitrates through the process of nitrogen fixa­

tion (Overcash and Davidson 1 980) . 

Algae & 
Macrophytes 

assi m i lat ion 
Animals 

a · i m i tat ion 

kecom po
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s 1
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assi m i l at ion .. r "-,___ ____________ _ Elemental 
Ammonia 
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a naerob1 Nitrites 
con d i t ions 

Figu re 3. A diagram of the various forms of nitrogen that occur in the nitrogen 
cycle within a lake ecosystem. It is important to note that in aerobic conditions 

both ammonia and nitrites are co nverted to nitrates which are available for use 

b plants .  

The underly ing pattern e ident from this  cycle is that al l forms of  ni trogen added to the lake 

i l l  e entua l ly  become a ai l ble for plant use. The various forms of nitrogen as wel l  as the oxygen 

concentr tion (aerobic nd naerobic conditions) of the water must be considered in order to under-
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stand the avai labi lity of this  nutrient for plant growth . 

Several in-lake mitigation techniques exist to deal with the problem of excessive nutrients 

once they are present in the lake (Henderson-Sellers and Markland 1 987) .  None of these techniques 

are without disadvantages,  but for lakes with serious algal growth problems they may be necessary 

(Henderson-Sellers and Markland 1 987) .  

One technique used to eliminate excessive nutrients i s  to rapidly decrease the water level of 

the lake (Henderson-Sel lers and Markland 1 987).  Releasing a large volume of water can quickly 

flush a lake control led by a dam. The result may be the rapid export of many nutrients from the 

epi l imnion of the lake. However, in cases where the lake drains into another lake or significant 

water body, the problem may not be el iminated, but simply shifted to another site .  Flushing out a 

lake may only be a temporary solution because if the nutrient source is  not el iminated it will con­

tinue to supply nutrients to the lake . 

Another approach to nutrient reduction involves removing the nutrient rich hypolimnetic 

water. Nutrient levels in the water would be reduced by inserting a large pipe into the hypolimnion 

and pumping the water out in such a way that it would not flow directly back into the lake 

(Henderson-Sel lers and Markland 1 987).  

Chemical precipi tation is  based on the natural affinity of iron to complex with phosphorus. 

Adding salt, such as iron or aluminum , to the water wi ll  complex the DP to form an insoluble com­

pound that will immobi lize the phosphorus (Henderson-Sel lers and Markland 1 987).  This technique 

is effective but is not practical for very large lakes due to the cost. Furthermore, the phosphorus will 

eventual ly be released from this  complex, requiring reapplication after several years . 

Aeration of the hypolimnion i s  a process that requires expensive machinery to perform. It 

operates on the principle that an increase in the oxygen levels in the lower strata of the hypolimnion 

will reduce the amount of DP released from the sediments . If there i s  oxygen present where the 

sediment and water interface, there wil l  be no conversion of iron to its reduced form, and therefore, 

no DP will be released from the ferric phosphate complex (Henderson-Sellers and Markland 1 987).  

Another approach in lakes with large macrophyte production is to harvest the plants . This  

method can be expensive due to  the cost of  equipment used and the frequency with which the har­

vesting must be performed. This  procedure removes all the nutrients tied up in the plants at the time 

of harvest, preventing them from re-entering the lake cycle. It is important that harvested plants are 

not left along the shore, al lowing nutrients from decomposing plants to leach into the lake. There i s  

some debate over the effectiveness of  thi s  method because macrophytes also act as a sink for nutri­

ents . At the time of removal , the nutrients that would normally  have been taken up by the macro­

phytes will  be avai lable to algae,  perhaps resulting in an algal bloom (Chapman 1 996) . On the other 

hand, if only the foliage of the plants is harvested, then the plants will stil l  be able to take up nutri­

ents via the roots. 

One final management option is  dredging. This  process extracts the nutrients from the 

sediments by removing the sediments themselves. Although dredging is effective, it is extremely 
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expensive due to the l arge amount of labor and equipment cost needed (Henderson-Sellers and 

Markland 1 987) .  There are concerns of possible ecological disruption that these actions may have 

on the lake ecosystem. 

Eli minating nutrients once they have built up in a l ake i s  a challenging task. The i deal 

method for controlling nutrients in  a lake i s  to regulate and monitor the input sources . Thi s  regula­

tion allows the natural processes of nutrient cycling and uptake by flora and fauna to compensate for 

nutrient inputs without accelerated eutrophication of the lake. 

Freshwater Wetlands 

Wetlands are important transitional areas between lakes and terrestrial ecosystems that 

typical ly support a wide range of biotic species (MLURC 1 976) . Wetland soil i s  periodically  or 

perpetually  saturated and contains non-mineral substrates such as peat. Wetlands also contain 

hydrophylic vegetation that is  adapted for life in saturated and anaerobic soils .  They usually  have a 

water table at or above the level of the land (Chiras 1 994).  Table 1 gives descriptions of freshwater 

inland wetlands . They also help maintain lower nutrient levels in an aquatic ecosystem because of 

the efficiency in nutrient uptake by their vegetation (Smith and Smith 200 1 ) . Wetlands have the 

potential to absorb heavy metals and nutrients from various sources including mine drainage, sew­

age, industrial wastes, and agriculture (Chiras 1 994 ). Wetlands . improve the overall water quality by 

absorbing and storing nutrients in organic plant tissues (Niering 1 985) .  

Invasive Species 

Invasi ve species are biota that are non-native to an area and have been introduced intention­

al ly or unintentional ly by humans (Smith and Smith 1 998).  These species are usually highly adap­

ti ve to the new environments to which they are introduced. The abi lity to adapt results from evolu­

tion within the species, genetical ly and phenotypical ly. These physical and genetic changes alter 

characteri stics of the organism's body so that it may better survive . Invasi ve species tend to be 

better competi tors than nati ve species because of their abi lity to adapt and their aggressive survival 

tactics .  As a result, invasi ve species harm nati ve ones through predation , competitive exclusion, or 

their abi l i ty to reproduce faster than native organisms (Cole, pers . comm.) .  

Invasive species have serious impl ications for lake quality and biodi versity. Invasive plant 

species are commonly introduced into new lakes by boats and trai lers (Bouchard, pers . comm.) .  

Boats are the largest contributors to unintentional plant introduction . Invasive plant species such as, 

Eurasian mi lfoi l (Myriophyllum spicatum) and variable mi lfoi l (Myriophyllum heterophyllum) are 

two quatic pecies whose popu lations have spread swiftl y northward in lakes along the east coast. 

Both specie grow up from the bottom and form mats at the lake surface. These mats can cover the 

surface or pread under the surface throughout the shallow areas of the water column and depths of 

20 ft . The e species are e pecial ly  dangerous to water qual ity in lakes because they are prolific and 

gro ery rapidly as compared to mo t native species. They reproduce effecti vely by fragmentation 
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Table 1 .  Descriptions of site characteristics and plant populations of different types of 
freshwater inland wetlands (Smith and Smith 2001). 

Type 

Seasonally flooded basins or 
flats 

Freshwater meadows 

Shallow freshwater marshes 

Deep freshwater marshes 

Open freshwater 

Shrub swamps 

Wooded swamps 

Bogs 

Biology 493: Lake George and Oaks Pond 

Site Characteristics 

Soi l covered with water or 
waterlogged during variable 
periods, but well drained during 
much of the growing season ; in 
upland depressions and 
bottomlands 

Without standing water during 
growing season ; waterlogged to 
within a few inches of surface 

Soi l waterlogged during growing 
season ; often covered with 15 cm 
or more of water 

Soil  covered with 1 5  cm to 1 m of 
water 

Water less than 3 m deep 

Soi l  waterlogged; often covered 
with 1 5  cm of water 

Soi l  waterlogged; often covered 
with 0 .3 m of water; along 
sluggish streams, flat uplands, 
shal low lake basins 

Soil waterlogged; spongy covering 
of mosses 

Plant Populations 
Bottomland hardwoods 
to herbaceous growth 

Grasses , sedges, 
broadleaf plants, rushes 

Grasses , bulrushes, spike 
rushes, cattails ,  
arrowhead, pickerel 
weed 

Cattai ls ,  bulrushes, 
reeds, spike rushes, wild 
nee 

Bordered by emergent 
vegetation such as 
pondweed, wild celery, 
water l i ly 

Alder, wi l low, 
buttonbush , dogwoods 

Tamarack, arbor vitae, 
spruce, red maple, si lver 
maple 

Heath shrubs, sphagnum 
moss, sedges 
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of the stalk and also by the spread of seeds. Rapid growth increases their capacity to absorb sunlight 

along the su.rface, which then blocks out the l ight for native submergent plant species (Bouchard, 

pers . comm.) .  For example, Eurasian milfoil i s  adept at choking out other floating and emergent 

species because of its rapid growth. 

Eurasian and variable milfoi l  species are capable of changing the chemical properties of a 

l ake. Rapid growth quickly takes up nutrients, and is fol lowed by massive biomass death, which 

causes pH swings because of the flux of nutrients in the water column. When a large population dies 

off, producing a large dead organic mass that must be degraded by aerobic decomposers, the decom­

posers can change the dissolved oxygen (DO) levels in a lake (Firmage, pers . comm.) .  The aerobic 

decomposers then consume much of the DO in the water column to complete the breakdown of the 

dead plant biomass . The low DO levels can be detrimental to other native biota of the lake including 

fi sh.  In addition to affecting lake quality, milfoils  can harm the economic,  recreational , and aesthetic 

val ues of lakefront property by forming mats of biomass that cover the shallow areas of the lake (See 

The Economic Impact of Lake Use and Water Qual ity) .  

Currently Maine lakes do not harbor Eurasian milfoil although some experts specu late that 

the species has arrived, but has not developed a large enough population to be observable (Bouchard, 

pers . comm.) .  Experts also agree that if it is not already present, it is only a matter of time before 

Eurasian milfoil begins to populate Maine lakes. Variable milfoil has been found in seven Maine 

lakes, including Messalonskee Lake, most of which are in the southwestern portion of the state. 

Another mi lfoi l  that resides in Maine lakes is  slender water milfoil (Mryriophyllum tenellum). This  

species i s  native to  Maine and is  acceptable aquatic vegetation . The slender water milfoil does not 

cause the ecological problems associated with the invasive milfoils .  This  species has evolved with 

neighboring nati ve plant species and does not interfere with their growth . Lake George and Oaks 

Pond have neither of the invasive milfoi l  species and can remain that way if  proper considerations 

are taken in regard to boating acti vities. 

It is  important to prevent the introduction of invasive aquatic plant species to preserve the 

water quality and beauty of Maine lakes. A simple boat and trai ler check by the owner, after remov­

ing the boat from the water, wi l l  prevent plant species traveling from one lake to another. Public 

awareness and responsibi l i ty for e l iminating the possibi lity of plant introductions wil l  be the most 

effecti ve means of preventing unwanted species in Maine lakes. 

Fish species are common invasi ve species that are more often intentional ly brought in by 

' bucket biologi sts" local s that try to improve fi shing in their favorite lake or pond, but do so without 

fi r t consul ting proper authorities (Bouchard, pers . comm.) .  The largemouth bass and the black 

crappie are t o unauthorized species introductions to Oaks Pond. These species may harm cold 

ater fi herie within the pond through competif ve exc lusion . 

Tributary Characteristics 

Tri butarie are trearn that drai n a watershed, bringing water, nutrients, di ssolved particles, 
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sediments, and potential pol lutants into a lake (Wetzel and Likens 199 1 ) .  Geology, cl imate, and 

vegetation in the surrounding watershed define the chemical and physical characteristics of a tribu­

tary. The amount of dissolved solids and sediments increase with greater flow rates and turbulence 

in a tributary (Chapman 1 996). Storms and spring runoff result in episodic influxes of sediments 

and phosphorus into a lake from the tributaries . Water quality of tributaries is important to assess 

because tributaries with high flow rates can have considerable impact on the amount of nutrients and 

sediments deposited into a lake . 

Watershed Land Use 

Nutrient Loadina: 

Natural and anthrop genie processes affect nutrient loading into a lake (Hem 1 970) . Human 

activity accelerates the loading of nutrients and sediments into a lake, which can adversely affect the 

water quality in a short period of time. Clearing forests to construct roads and buildings with imper­

vious surfaces increases runoff, carrying nutrients from agricultural , residential , and industrial 

products (such as detergent, ferti lizer, and sewage) into the lake. Since phosphorus and nitrogen are 

the limiting nutrients to algal growth , and algal growth affects the trophic state of a lake, increases of 

phosphorus and nitrogen from these sources can lead to a decrease in lake water quality and eventual 

eutrophication . 

Total phosphorus loading into a lake can be determined using a phosphorus loading model . 

This model takes into account the various aspects upon which the phosphorus concentration in the 

lake basin is dependent, such as lake size, volume, flushing rate, and land use patterns within the 

watershed (Cooke et al . 1 986). The model allows for the projection of the impact that various 

factors may have on phosphorus loading and generates predictions of lake responses to changes in 

land use. The accuracy of the predictions is determined by the accuracy of the assumptions (USEPA 

1990) .  

Soil Types 

Nutrient loading in a lake ecosystem is partially a function of the soi l types and their respec-

tive characteristics.  The physical characteri stics of soi l ,  permeability, depth, particle size, organic 

content, and the presence of an impermeable layer (fragipan), as well as the environmental features, 

slope, mean depth to the water table, and depth to the bedrock, are important to consider in determin­

ing nutrient loading (USDA 1978) .  These factors can determine appropriate land uses such as 

forestry, agriculture, and residential or commercial development. The soils  most capable of prevent­

ing extreme erosion and runoff of both dissolved and particulate nutrients are those that have me­

dium permeabi lity, moderate slopes,  deep water tables , low rockiness and organic matter, and no 

impermeable layer (USDA 1 992). Soi ls  that do not meet these criteria should be considered care­

ful ly before implementing a development, forestry, or agricultural plan .  
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Land Use Types 

A watershed is the total land area that contributes a flow of water to a particular basin (Smith 

and S mi th 200 1 ) . The highest points of land that surround a lake or pond and its tributaries define 

the boundary of a watershed. Any water introduced to a watershed will  be absorbed, evaporated, or 

run into the basin of the watershed. 

Nutrients bind to soil particles. If eroded, nutrient-rich soil wil l  add to the nutrient load of a 

l ake, hastening the eutrophication process and leading to algal blooms (USEPA 1 990) .  Different 

types of land use have distinct effects on nutrient loading in lakes as a result of erosion and runoff. 

Assessment of land use within a watershed is essential in the determination of factors that affect l ake 

water qual ity. 

A land area c leared for agricultural , residential , or commercial use contributes more to 

nutrient loading than a naturally vegetated area such as forested land (Dennis 1 986).  The combina­

tion of vegetation removal and soil compaction involved in the c learing of land results in a signifi ­

cant increase in surface runoff. This  runoff amplifies the erosion of  sediments carrying nutrients and 

pol lutants of human origin . 

Natural ly vegetated areas offer protection against soil erosion and surface runoff (Hardesty 

and Kunhs 1 998) .  The forest canopy reduces erosion by diminishing the direct physical impact of 

rain on soi l .  The root systems of trees and shrubs reduce soil erosion by decreasing the rate of 

runoff, al lowing water to percolate into the soi l .  Roots decrease the nutrient load in runoff through 

direct absorption of nutrients for use in plant structure and function .  Due to these features, a forested 

area acts as a buffering system by decreasing surface runoff and absorbing nutrients before they 

enter water bodies. 

Residential areas are a significant threat to J ake water quality for a number of reasons .  These 

areas generally contain lawns, driveways, parking spaces, rooftops, and other impervious surfaces 

that reduce percolation and increase surf ace runoff. Shoreline residences are often direct sources of 

nutrients to the water body due to their proximity to lakes. 

Because forests cover much of Maine, the development or expansion of residential area often 

necessitates the cleari ng of wooded land. New development dramatically increases the amount of 

surface runoff because natural ground cover is replaced with impervious surfaces (Dennis 1 986). 

Evidence of increased surface runoff due to development and consequent effects on nutrient trans­

port is presented in a study concerning phosphorus loading in  Augusta, Maine (Figure 4).  The 

Augusta study revealed that surface runoff from a residential area contained ten times more phos­

phoru than runoff from an adjacent forested area. The study also concluded that the surface-runoff 

flow r te of re idential area could be in excess of four times the rate recorded for forested land. 

The u e of chemicals in and around houses is  potential ly harmful to water quality. Products 

s oci ted ith cleared nd re idential land include ferti lizers , pesticides, herbicides, and detergents 

that often contai n nitrogen pho phorous other plant nutrients and miscellaneous chemicals (MDEP 

1 992 . The e produ t c n enter a lake by leaching directly into ground water or traveling with 
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Figure 4. Comparisons of runoff after an April rain storm in two 

neighboring watersheds near Augusta, ME. Top: volume of immediate 

runoff over a 12 hour period ; Middle : p hosphorus concentration in the 

runoff; Bottom: total amount of phosphorus exported into local streams and 

lakes from the storm (Dennis 1986). 

eroded sediments . Heavy precipitation aids the transport of these high nutrient products due to 

increased surface runoff near residences (Dennis 1986) . Upon entering a lake, these wastes have 

adverse effects on water quality. 
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Septic systems associated with residential and commercial land are significant sources of 

nutrients when improperly designed, maintained, or used (USEPA 1 980) . Proper treatment and 

disposal of nutrient rich human waste i s  essential in maintaining high lake water quality. 

Commercial uses of forested land can have detrimental effects on lake water quality. Activi­

ties that remove the cover of the canopy and expose the soi l to direct rainfall increase erosion. Two 

studies by the Land Use Regulation Commission (LURC) on tree harvesting sites noted that erosion 

and sedimentation problems occurred in 50 percent of active and 20 percent of inactive logging sites 

selected (MDC 1 983) .  Skidder trails  may pose a problem when they run adjacent to or through 

streams. Shorel ine zoning ordinances have established that a 75 ft strip of vegetation must be main­

tained between a skidder trail and the normal high water l ine of a body of water or upland edge of a 

wetland to al leviate the potenti al impact of harvesting on the water body (MDEP 1 990) . 

Roads are a source of excessive surface runoff if  they are poorly designed or poorly main­

tained (Michaud 1 992) . Different road types have varying levels of nutrient loading potential . In 

general , roughly 80 percent of the nutrit?nt loading problems are caused by only 20 percent of the 

culverts or crossings . Roads and driveways leading to shoreline areas or tributaries can also cause 

runoff to flow directly into a lake. 

As land use conversion occurs , i t  is  critical that factors influencing nutrient loading are 

considered. Public education and state and local regulations that moderate nutrient loading are 

essential in maintaining lake water quality. Understanding the effects of changing land use practices 

is critical in evaluating the ecological health of a watershed ecosystem and making predictions about 

i ts future . 

Wetlands 

There are different types of wetlands that may be found in a watershed. A bog, which i s  

dominated by sphagnum moss, sedges and spruce, has a high water table (Nebel 1 987) .  Fens are 

open wetland systems that are nutrient rich and may include such species as sedges, sphagnum moss, 

and bladderwort . Marshes have variable water levels and may include cattails  and arrowheads. 

Swamps are characterized by waterlogged soi l s  and can either be of woody or shrub types,  depend­

ing on the vegetation . In Maine, shrub swamps consi st of alder, wi l low, and dogwoods while woody 

sw mps are dominated by hemlock, red maple, and eastern white cedar. Wetlands are important 

because they provide habi tat for numerous organisms, such as waterfowl and invertebrates (Nebel 

1 987) .  

The type of wetland and i ts location in a watershed are important factors when determining 

hether the wet land is  a nutrient sink or source ei ther preventing nutrients from entering a lake or 

contri buti ng nutrient to a lake . It i s  also important to note that one wetland may be both a source 

and ink for di fferent nutrients . Thi characteri stic may vary with the season, depending on the 

amount of input to the et land. Vegetation type within a wetland is important because different flora 

ab orb different nutrient . For e ample wi l low and birch assimi late more nitrogen and phosphorus 
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than sedges and leatherleaf (Nebel 1 987) .  Shrub swamps are better nutrient sinks than many other 

types of wetlands. When nutrient sink wetlands are located closer to the lake, the buffering capacity 

i s  greater than those located further back from the water body. Wetlands that fi lter out nutrients are 

important in controlling the water quality of a lake. These wetlands also help moderate the impact of 

erosion near the lake. 

Although there are regulations control ling wetland development, a lack of enforcement leads 

to development and destruction of wetlands . The Resource Protection Districts and other environ­

mental regulations, whkh prohibit development within 250 ft of a wetland, should protect these 

areas. Wetlands along the shoreline may be more prone to development due to the nature of their 

location (Nebel 1 987).  The decrease of wetlands caused by development will most l ikely have 

negative effects on the water quality of a lake due to increased runoff, and erosion as wel l as a 

decrease of natural buffering. 

Forestry 

Forestry is  another type of development that contributes to nutrient loading through erosion 

and runoff. The creation of logging roads and skidder trai ls may direct runoff into a lake. The 

combination of erosion, runoff, and pathways can have a large impact on the water quality of a lake 

(Wi l liams 1 992) . There are state and municipal shorel ine zoning ordinances in place relating to or 

concerning these specific problems. For example, timber harvesting equipment such as skidders, 

cannot use streams as travel routes unless the streams are frozen and traveling on them causes no 

ground disturbance (MDEP 1 990) . Additional ly, ordinances prohibit clear-cutting within 75 ft of the 

shoreline of a lake or a ri ver running to the lake. Harvest operations cannot create clear-cut openings 

greater than 10,000 ft2 in the forest canopy at distances greater than 75 ft . If they exceed 500 ft2, they 

have to be at least 100 ft apart. These regulations are intended to minimize erosion (MDEP 1 990) . 

These laws must be enforced to be effecti ve, which may be a difficult task for most towns since they 

do not have the budgets necessary to regulate these areas . Illegal forestry practices may occur and 

negatively impact lake water qual ity. 

Transitional Land 

Succession is the replacement of one vegetative community by another that results in a 

mature and stable community referred to as a climax community (Smith and Smith 200 1 ) . An open 

field ecosystem progresses through various successional stages before it develops into a mature 

forest. The earliest stages of open field succession involve the establishment of smaller trees and 

shrubs throughout a field (reverting land). Intermediate and later successional stages involve the 

growth of larger, more mature tree species. The canopy of this  forest is more developed, resulting in 

less light reaching the forest floor. Regenerating land is  referred to as a forest that i s  nearing matu­

rity �nd contains over 50 percent mature trees . 
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Cleared Land 

Cleared l and, frequently generated by logging activities, also presents potential problems of 

erosion and nutrient runoff especially when large areas are c leared of trees and vegetation that once 

acted as natural fil ters . Sediments from these c leared areas create potential problems if they carry 

large amounts of nitrogen , phosphorus, other plant nutrients , and chemicals to a lake. Without 

vegetation acting as a buff er, problems are exacerbated. 

The MDEP ( 1 990) has established specific guidelines for c leared land. There can be no 

cleared openings greater than 250 ft2 in the forest canopy within 1 00 ft of a l ake or river. Where 

there are cleared lands, some solutions to minimize erosion include construction of terraces and 

plowing parallel to the contour l ines. Both techniques decrease the flow of storm water down a 

slope, allowing the nutrients to settle out before they reach the lake. These two solutions also may 

prevent erosion by breaking up large areas of ti l led soi l .  

Aa:riculture and Livestock 

Agriculture within a watershed contributes to nutrient loading in a lake. Plowed fields and 

Ii vestock grazing areas are potential sources of erosion and can carry sediments and nutrients to a 

lake (Wi l l iams 1 992) . Animal wastes are also sources of excess nutrients . There are ordinances to 

minimize these problems that prohibit new til ling of soil and new grazing areas within 1 00 ft of a 

lake or river. Howe_ver, problems can sti l l  exist in areas that were util ized for agriculture prior to the 

enactment of these ordinances by the State of Maine in 1 990. The Shoreland Zoning Act enables 

these areas to be maintained as they presently exist, which may result in relatively high levels of 

erosion and decreased water qual ity (MDEP 1 990) . Some methods to reduce erosion are plowing 

with the contour l ines (across as opposed to up and down a slope) ,  and strip cropping. Both solu­

tions wil l  reduce soi l erosion and sediment deposition in the lake. 

Li vestock manure is  another potential agricultural impact on water quality. Improper storage 

of manure may result  in excess nutrient loading. Manure also becomes a problem when it i s  spread 

on fields as a ferti lizer, a common agricultural practice . Manure spreading can lead to nutrient 

loading, especial ly  in  winter when the ground is frozen and nutrients do not have a chance to fi lter 

into the soi l .  These problems are aggravated by the tendency to over-fertilize. To prevent these 

problems the state passed zoning ordinances, prohibiting the storage of manure within 1 00 ft of a 

lake or river (MDEP 1 990) . Another solution is  to avoid spreading manure in the winter. These 

solutions however, do not address the problem of l ivestock that defecate close to water bodies. One 

sol ution may be to put up fences to keep the cattle away from the water. 

Runoff contai ning ferti l izers and pesticides may al so add nutrients and other pol lutants to a 

lake . Ferti l izi ng only duri ng the growing season and not before storms can minimize this problem. 

Pesticide al o h  ve negati ve impacts on water qual ity. Alternati ve methods of pest control may be 

appropriate including biological control techniques such as integrated pest management and inter-
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cropping, which i s  planting alternating rows of different crops in the same field. 

Roads 
Roads can significantly contribute to the deterioration of water quality by adding phosphorus 

to runoff and creating a route to the lake for the runoff to travel down. They allow easy access for 

runoff of other nutrients and organic pollutants into the lake via improperly constructed culverts and 

ditches.  Improper road construction and maintenance can increase the nutrient load entering the 

lake. 

Proper drainage of roads is  important when minimizing phosphorus loading within a water­

shed. Construction materials, such as pavement, dirt ,  or gravel , may influence the amount and rate 

of runoff (Woodard 1 989). The inevitable erosion of these bui lding materials due to road traffic 

causes deterioration of the road surf ace .  Storms increase road deterioration by dislodging particles 

from the road surface. Nutrients attached to these particles are transported to the lake by runoff from 

the .roads (Michaud 1992). 

Road construction should try to achieve the following long-term goals :  minimize the surface 

area covered by the road; minimize runoff and erosion with proper drainage and placement of catch 

basins, culverts , and ditches ; and maximize the lifetime and durabi lity of the road (MDEP 1 990) .  A 

well-constructed road should di vert road surface waters into a vegetated area to prevent excessive 

amounts of surf ace runoff, phosphorus, and other nutrients from entering the lake. Items that should 

be considered before construction begins include road location , road area, road surface material , road 

cross-section, road drainage (di tches, di versions, and culverts), and road maintenance (MDEP 

1 992a) . 

Although the State of Maine has set guidelines to control the bui lding of roads, road location 

is typically determined by the area in which homes are built (MDEP 1 990) . All residential use roads 

must be set back at least 100 ft from the shoreline of a lake, and 200 ft for industrial ,  commercial ,  or 

other non-residential uses involving one or more bui ldings (MDEP 1 99 1 ) . 

It i s  crucial to design a road with its future uses in mind. For instance, a road should be 

constructed no longer than is  absolutely necessary. A particular road should not be extended past the 

last structure that is to be serviced by that road. The width of a road, which is often based upon the 

maintenance capabi lities of the area, must also be considered (Cashat 1 984) . 

Road surf ace material i s  another important factor to consider in  road construction . Studies 

have shown that phosphorus washes off paved surfaces at a higher rate than from sand and gravel 

surfaces (Lea, Landry, and Fortier 1 990) . However, sand and gravel roads erode more quickly and 

have the potential for emptying more sediment and nutrients into a body of water. Pavement i s  

chosen for roads with a high volume of  traffic ,  while sand and gravel roads are typically used for low 

traffic areas or seasonal use areas . Both types of roads need proper maintenance and gravel road 

surfaces should be periodically replaced and properly graded so that a stable base may be maintained 

and road surface erosion minimi zed. 
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The road cross section i s  another i mportant factor to consider when planning road construc­

tion. A crowned road, a road that slopes downward from the middle towards the outer edges when 

viewed as a cross section, allows for proper drainage and helps in preventing deterioration of the 

road surface (MDOT 1 986).  The crown should have a slope of 1 /8 to 1 /4 inches per foot of width 

for asphalt and 1 12 in to 3/4 in per foot of width for gravel  roads (Michaud 1 992).  This slope allows 

the surface water to run off down either side of the road as opposed to running along its whole 

length . Road shoulders should also have a slightly steeper cross slope than the road i tself so that 

runoff can flow into a ditch or buffer zone (Michaud 1 992). 

The drainage of a road and the land that surrounds i t  must also be considered during con­

struction or maintenance projects. Ditches and culverts are used to help drain roads into buffer zones 

where nutrient loads from the road can be absorbed by vegetation. These measures are also used for 

handling runoff that may be blocked by road construction . Ditches are necessary along wide or steep 

stretches of road to divert water flow off the road and away from a body of water. They are ideal l y  

parabolic in shape with a rounded bottom, are of a sufficient depth, and do not exceed a depth to 

width ratio of 2 :  1 .  The ditch should be free of debris and covered with abundant vegetation to 

reduce erosion (Michaud 1 992) . Ditches must also be constructed of a proper soil that wi l l  not be 

easily eroded by the water flowing through them. 

Culverts are hollow pipes installed beneath roads to channel water in proper drainage pat­

terns.  The most important factor to consider when instal ling a culvert is its size. It must be l arge 

enough to handle the expected amount of water that wil l  pass through i t  during the peak flow periods 

of the year. If it cannot, water wi l l  tend to flow over and around the culvert and wash out the road, 

which may increase the sediment load entering the lake. The culvert must be set in the ground at a 

30 degree angle down slope with a pitch of 2 percent to 4 percent (Michaud 1 992) . A proper crown 

above the culvert is necessary to avoid creating a low center point in the culvert .  The standard 

criterion for covering a culvert is one inch of crown for every 1 0  ft of culvert length . The spacing of 

culverts is  base.d upon the road grade. 

Diversions allow water to be channeled away from the road surface into wooded or grassy 

areas . These di versions are important along sloped roads, especially those leading towards a lake. 

By di verting runoff into wooded or grassy areas, natural buffers are used to fi lter sediment and 

decrease the vol ume of water by infi ltration before it reaches the lake (Michaud 1 992). Efficient 

instal lation and spacing of diversions can also reduce the use of culverts. 

Maintenance is  important to keep a road in good working condition as wel l  as to prevent it  

from causing problems for a lake . Over time, roads deteriorate . Problems wi l l  worsen if ignored 

and wil l  cost more money in the long run to repair. Roads should be periodical ly graded, and ditches 

and cul erts cleaned and regularly inspected to assess any problems that may develop. Any bui ldup 

of sedi ment on the sides of the road (especial ly berms), which prevents water from running off into 

the adjacent di tche . must be removed. These practices wil l  help to preserve the road quality and 

ultimate ly the water qual ity of a lake and improve its aesthetic val ue.  
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The Economic Impact of Lake Use and Water Quality 

Clean lakes not only offer intrinsic , aesthetic value for recreation , but also help maintain 

lakeshore property values and contribute to the economic status of communities. Determining the 

monetary value of lakes al lows for an assessment of the risk associated with degrading lake water 

quality thereby putting the cost of protecting these lakes into perspective . The University of Maine 

and the MDEP have conducted studies on various lakes in Maine to better understand the economic 

value of Maine lakes (Bouchard 2000). 

Eutrophication of lakes, the primary cause of diminished water quality in  Maine, not only 

reduces the desirabi l ity of a lake for recreational activities, but also decreases the l ikelihood of 

people establishing residency in  the area. The MDEP study reported that lakes with compromised 

water quality reflected lower net economic values, lower use rates, and a decrease in both direct 

(dollars spent on gasoline, ishing tackle, food, etc . )  and indirect expenditures (dollars spent on 

services to maintain lake-related business) (Boyle, Scheutz, and Kahl 1 997) . It is important for users 

of Maine lakes,  both residents and non-residents al ike, to protect water quality because deterioration 

decreases the value of their property. Town officials should also take note that lower water quality 

leads to fewer dollars spent in  the community, which can decrease the tax revenue for the entire 

town. Again,  a decline in lake water quality lowers property values, which lowers the tax base, and 

finally the revenue for the towns that harbor them. 

The value of lakes to the Maine economy and the value that transient visitors place on Maine 

lakes were also investigated in  the MDEP study. Recreational use of Maine lakes provides nearly 

$ 1 . 1  bi llion each year to the state 's  economy, 1 5  percent of which is  attributed to nonresidents 

(Boyle, Scheutz, and Kahl 1 997).  Other uses of lake water include drinki ng water, youth camps, and 

commercial uses , which are worth approximately $400 million . Shoreline property owners also 

contribute to the state 's economy through taxes and the investments they make in their property. 

These costs total $349 mi llion in economic activity annually, 25 percent of which comes from 

nonresident property owners . As shown by these figures, large proportions of the local economic 

activity and a number of employment opportunities (e .g. , park rangers, marina attendants) are gener­

ated as a result of having a desirable lake in  the locality. A decline in  water quality wil l  have the 

opposite effect; fewer dollars wil l  be spent in the community, which could result i n  the loss of jobs. 

The results of the MDEP study indicate that it is  important to maintain water quality levels 

because each increment of decline in  quality results in increasing economic losses to the community. 

In addition, it is  increasingly difficult and more costly to restore water quality conditions that have 

deteriorated below acceptable conditions. By maintaining current water quality levels or improving 

the standards, community members enhance both their local economy and benefit the environment. 

Zonin2 and Development 

The purpose of a shoreland zoning and development ordinance is to control water pollution, 

protect wildlife and freshwater wetlands, moni tor development and land use, conserve wilderness, 
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and anticipate the i mpacts of development (MDEP 1 998a). Shoreland zoning ordinances regulate 

development along the shoreline in a manner that reduces the chances for adverse i mpacts on lake 

water qual ity. Uncontrolled development along the shoreline can result in a severe decline in water 

qual i ty that is difficult to correct. In general , these regulations have become more stringent as 

increased development has caused water quality to decline in many watersheds (MDEP 1 992b). If 

no comprehensive plan or town ordinances have been enacted, the state regulations are used by 

default.  

Buff er Strips 

B uffer strips play an i mportant role in absorbing runoff by helping to control the amount of 

nutrients entering a lake (MDEP 1 990) . Excess amounts of nutrients such as phosphorus and nitro­

gen can promote algal growth and increase the eutrophication rate of a lake. A good buffer should 

have several vegetation layers and a variety of plants and trees to maximize the benefit of each layer 

(MDEP 1 990) . Naturally occurring vegetation forms the most effecti ve buffer. Trees and their 

canopy layer provide the first defense against erosion by mitigating the impact of rain and wind on 

the soi l .  Their deep root systems absorb water and nutrients while maintaining the topographical 

structure of the land. The shallow root systems of the shrub layer also aid in  absorbing water and 

nutrients and help to hold the soi l in place. The groundcover layer, including vines, ornamental 

grasses, and flowers, slows down surf ace water flow and traps sediment and organic debris .  The 

duff layer, consisting of accumulated leaves, needles , and other plant matter on the forest floor, acts 

l ike a sponge to absorb water and trap sediment. Duff also provides a habitat for many microorgan­

isms that break down plant material and recycle nutrients (MDEP 1 990) . 

An example of an ideal ly buffered home is  shown in Figure 5 .  This  home has a winding path 

(Camp Buffer) 
I 

Figure 5. Diagram of an ideally buffered home. 
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down to the shoreline. Runoff is  diverted into the woods where it can be absorbed in the forest l itter. 

The house i tself i s  set back from the shoreline 100 ft, and has a dense buffer strip between it and the 

water. The buffer is composed of a combination of canopy trees, understory shrubs, and 

groundcover. In addition, the driveway i s  curved, allowing for runoff accumulating on these sur­

faces to be deposited into a number of diversions along its path down the slope of the land. As 

opposed to a steep, straight, and paved path that leads directly into the water, a curved driveway can 

be a very effective deterrent to runoff. Slopes within a buffer strip that are less than two percent are 

most effective at slowing down the surface flow and increasing absorption of runoff (MDEP 1 998b) . 

Steep slopes are susceptible to heavy erosion and wil l  render buffer strips ineffective. 

In addition to buffer strips, riprap can be an effective method of preventing shoreline erosion 

by protecting the shoreline and adjacent shoreline property against heavy wave action (MDEP 1 990) . 

Riprap consi sts of three primary components : the stone layer, the fi lter layer, and the toe protection.  

The stone layer consists of rough, large, angular rock. The fi lter layer is  composed of a special fi lter 

cloth that allows groundwater drainage and prevents the soi l beneath the riprap from washing 

through the stone layer. The toe protection prevents settlement or removal of the lower edge of the 

riprap. Riprap depends on the soi l beneath it for support and should therefore be built only on stable 

shores or bank slopes (MDEP 1 990) . 

Shoreline Residential Areas 

Shoreline residential areas are of critical importance to water quality due to their proximity to 

the lake. This study considered houses less than 200 ft from the shoreline to be shoreline residences.  

Any nutrient additi ves from these residences have only a short distance to travel to reach the lake. 

Seasonal residences, especially older ones located on or near the shoreline in a cluster, can 

contribute disproportionately to phosphorus loading into the lake ecosystem. Such c lusters of camps 

usually exist because they were installed before the passage of current regulations, and do not fol low 

shoreland zoning laws.  Although seasonal, they may involve large numbers of people, and phospho­

rus exported from these areas is l ikely to increase during periods of heavy use. The location and 

condition of septic systems also affects the nutrient loading from these plots (See Sewage Disposal 

Systems) .  

Non-Shoreline Residential Areas 

Non-shoreline residential areas (greater than 200 ft from the shoreline) also have an impact 

on nutrient loading, although generally  less than that of shoreline residential areas .  Runoff, carrying 

fertilizers and possibly phosphorus-containing soaps and detergents, usually filters through buffer 

strips consisting of forested areas several acres wide rather than a few feet wide (as with shoreline 

buffers) . In these cases, phosphorus has the opportunity to be absorbed into the soils and vegetation .  

The majority wi l l  not reach the lake, but will simply enter the forest's  nutrient cycle. 

Residences located up to one half mile away from the lake can potentially supply the lake 
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with phosphorus when poorly constructed roads exist. Runoff collected on roofs and driveways may 

travel  unhindered down roads or other runoff channels into the l ake. Although non-shoreline homes 

are not as threatening as shoreline residences, watersheds having l arge residential areas with im­

proper drainage can have a significant effect on phosphorus loading. 

Non-buffered, non-shoreline residences can also contribute to nutrient loading. Phosphorus 

washed from residential lawns without buffer strips can enter into a stream and eventuall y  into the 

lake . Similar restrictions and regulations for shoreline residences apply to non-shoreline homes that 

are located along streams . 

Sewa2e Disposal Systems 

Subsurface wastewater disposal systems are defined in the State of Maine Subsurface Waste-

water Disposal Rules as : "a collection of treatment tank(s), disposal area(s), holding tank(s), alterna­

tive toi let(s), or other devices and associated piping designed to function as a unit for the purpose of 

disposing of wastewater in the soi l" (MDHS 1 988) .  These systems are generally  found in  areas with 

no municipal disposal systems such as sewers . Examples of these subsurface disposal systems 

include pit privies, holding tanks, and septic systems. 

Pit Privy 

Pit privies are also known as outhouses. Most privies are found in areas with low water 

pressure systems . They are simple disposal systems consisting of a small ,  shallow pit or trench.  

Human excrement and paper are the only wastes that can be decomposed and treated properly. Little 

water is used with pit privies reducing chances of ground water contamination. Contamination due 

to infi ltration of waste into the upper soi l levels may occur if the privy is located too close to a body 

of water. 

Holding Tank 

Holding tanks are watertight, airtight chambers, usually with an alarm, which hold waste for 

periods of time. The tanks are durable and made of ei ther concrete or fiberglass (MDHS 1 988) .  The 

minimum capacity for a holding tank is 1 500 gal lons. These must be pumped to prevent backup or 

leakage of contami nants . Although purchasing a holding tank is inexpensive, the owner is then 

required to pay to have the holding tank pumped on a regular basi s (EPA 1980). 

eptic System 

Septic sy terns are a waste di sposal unit that includes a bui lding sewer, treatment tank, 

effluent l ine di po al area, di tri bution box , and often a pump. The pump enables the effluent to be 

mo ed to a more uitable leach field location if the location of the treatment tank is  unsuitable for a 

le ching field MDHS 1 983) .  Figure 6 hows the basic layout of the components of a typical septic 

y tern . Septic y tern are an efficient and economical altemati ve to a sewer system, provided they 
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are properly installed, located, and maintained. Unfortunately, septic systems that are not installed 

or located properly may lead to nutrient loading and groundwater contamination . Both septic place­

ment and soi l characteristics determine the effectiveness of the system. 

The distance between a septic system and a body of water should be sufficient to prevent 

contamination of the water by untreated septic waste . Unfortunately, many septic systems were 

instal led prior to current regulations and are sited closer to the shore than is currently permitted. 
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Figure 6. The layout of a typical septic system (Williams 1992) 
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However, new systems and those that need to be repl aced must reflect the new regulations .  Replace­

ment systems can either be completely relocated, or an effluent pump, instal led on the outside of the 

existing treatment tank, can be used to move the sewage uphi l l  to an alternative disposal area further 

from the water body (MDHS 1 983) .  

Human waste and gray water are transferred from a residence through the buil ding sewer to 

the treatment tank. There are two kinds of treatment tanks, aerobic and septic ,  both of which are 

tight, durable, and usual ly  made of concrete or fiberglass (MDHS 1 983) .  Aerobic tanks rel y  on 

aerobic bacteria, which are more active than anaerobic bacteria. Unfortunately, aerobic bacteria are 

also more susceptible to condition changes.  These tanks also require more maintenance,  more 

energy to pump in fresh air, and are more expensive. For these reasons,  septic tanks are preferable .  

Septic tanks rely on anaerobic bacteria. Solids are held until they are sufficiently decomposed and 

suitable for discharge (MDHS 1 983) .  

I N LET 

CLEANOUT COVER 

,. 
:• 

.-

· · SLU DG E 

Figure 7. The cross-section of a typical treatment tank showing the movement of 

effluent through the tank as well as t he separation of the scum and sludge 

(MDHS 1983). 

Human wa te is broken down through physical , chemical , and biological processes which 

separate cum and sl udge from the effl uent. Figure 7 shows the cross section of a typical treatment 

tank.  Scum i the layer of grease fat , and other particles that are lighter than water and move to the 

top of the treatment tank .  The baffles catch scum so that it cannot escape into the disposal area. 

Sludge i compo ed of the solid that sink to the bottom of the tank .  Over time, much of the scum 

and sl udge i broken do n by anaerobic digestion. The effluent then travels through the effluent l ine 
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to the disposal area. 

The purpose of a disposal area is to provide additional treatment of the wastewater. The 

disposal area can be one of three types:  bed, trench, or chamber (MDHS 1 983) .  Beds are wider than 

trenches, and usually require more than one distribution line ; typically, beds need a distribution box. 

Chambers are made of pre-cast concrete . The size of the disposal area depends on the volume of 

water and soil characteristics .  The soi ls  in the disposal area serve to distribute and absorb effluent, 

provide microorganisms and oxygen for treatment of bacteria, and remove nutrients from the waste­

water through chemical and cation exchange reactions (MDHS 1 983) .  Effluent contains anaerobic 

bacteria as it leaves the treatment tank. Treatment is considered complete when aerobic action in the 

disposal field has ki l led the anaerobic bacteria. Incomplete effluent treatment is harmful to ground­

water and contributes to nutrient loading and water contamination through the addition of viruses 

and bacteria (MDHS 1 983) .  Organic particulates present in effluent also increase the biological 

oxygen demand (BOD). 

BOD is  the oxygen required by decomposers to break down organic waste in water. Organic 

matter wi l l  increase if there is  contamination from human and animal wastes. As the amount of 

organic material increases,  BOD increases. If the BOD depletes di ssolved oxygen, species within a 

lake may begin to die .  If a lake 's flushing rate is low, reduced dissolved oxygen levels and increas­

ing organic matter could pose problems. 

The three major types of wastes that travel into the septic system are garbage disposal wastes, 

black water, and gray water. Garbage disposal wastes can easily back up and should not be dis­

charged into a septic system. Black water and gray water are significant contributors of phosphorus. 

Black water also contributes nitrogen, toi let wastes, and microorganisms. Gray water brings in 

chemicals and nutrients . Once a system is  clogged or a leak develops, humans are exposed to poten­

tial bacterial and viral contamination (MDHS 1 983) .  

Septic systems are most efficient when chances of clogging are reduced. Year-round resi­

dents should have their septic tanks pumped every two to three years or when the sludge level fil l s  

half the tank (Wil l iams 1 992) . Seasonal residents should pump their septic tanks every five to six 

years to prevent clogging from occurring in the disposal field. Garbage disposals place an extra 

burden on a septic system (Wil l iams 1 992) . Cigarette butts, sanitary napkins, and paper towels 

should never be disposed of in septic systems as they are not easi ly broken down by the microorgan­

isms and fil l  the septic tank too quickly. The disposal of chemicals,  such as bleach or paint, into the 

septic tank may also affect septic systems efficacy by kil ling microorganisms. Water conservation 

slows the flow through the septic system and allows more time for bacteria to treat the water. The 

septic system can work more effectively and recover after heavy use by decreasing the amount of 

water passing through the disposal field (Will iams 1 992). Odors, extra green grass over the disposal 

field, and slow drainage are symptoms of a septic system that has been subject to heavy use and i s  

not functioning properly 

When constructing a septic system, it is important to consider soi l characteristics and topog-
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raphy to determine the best location . An area with a gradual slope ( 1 0  to 20 percent) that allows for 

gravitational pull  i s  necessary for proper sewage treatment (MDHS 1 988) .  Level slopes cause 

stagnation , and steep slopes drain the soil too quickly for proper treatment to take place. Adding or 

removing soi ls  to decrease or increase the slope is one solution to this problem. 

Soil  containing loam, sand, and gravel allows the proper amount of time for runoff and 

purification (MDHS 1 983) .  Soils cannot be too porous ; otherwise water runs through quickly and i s  

not sufficiently treated. Depth o f  bedrock i s  another important consideration. I f  the bedrock i s  

shal low, waste wi l l  remain near the soil surface. Fine soi ls such as  clays do not allow for water 

penetration, again causing wastewater to run along the soi l surface untreated. Adding loam and sand 

to clay-l ike soil s  would help alleviate this  problem. In the opposite case, if  a soi l  drains too quickly, 

loam and clay can be added to slow down the filtration of wastewater. 

Federal , state, and local laws are in place to protect land and water quality. The federal 

government sets minimum standards for subsurface waste disposal systems. States can then choose 

to make their rules as strict as federal guidelines if  not stricter. Maine's Comprehensive Land Use 

Plan sets standard regulations that each city and town must fol low. Individual municipalities have 

the abi l ity to establish their own comprehensive land use plan in accordance with the state regula­

tions.  However, many towns develop local ordinances that consider specific i ssues such as 

shoreland zoning. The Maine Department of Environmental Protection (MDEP), Maine Department 

of Conservation (MDC), and local Code Enforcement Officers are responsible for overseeing the 

enforcement of these laws.  

S ince 1974, state mandates have prevented septic systems from being installed without a site 

evaluation or within 100 ft from the high water mark. Other regulations state that there must be no 

less than 300 ft between a septic system disposal field and a well that uses more than 2000 gallons 

per day (MDHS 1 988) .  The maximum slope of the original land that can support a septic system is 

20 percent. 

Rea:ional Land Use Trends 

Similarities can be found in land use trends of the different watersheds in the central Maine 

region . Since the 1950s, a marked decrease in agriculture has been observed. This  pattern has been 

observed in many of the Belgrade lake watersheds (BI493 1 99 1 ,  1994 - 2000) and the Lake 

Wesserunsett watershed (Bl493 200 1 ) . In contrast, there has been a corresponding overal l increase 

in the percentages of mature forest for all of these previously studied watersheds . This  increase in 

forested land could be attributed to the decrease in land used for agriculture and logged land. An­

other notable trend is an increase in shoreline residential land as shoreline lots have been developed. 

As the population has increased, the areas of nonshoreline residential land and roads have also 

increased. An increase in forested land and a decrease in agriculture are beneficial to the overal l 

water quality in lakes while an increase in shorel ine residential land, nonshorel ine residential land, 

and roads can have detri mental effects (See Analytical Procedures and Findings :  Land Use Assess-
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ment: Land Use Patterns) .  

Park Recreational Uses 
Lake George Regional Park (LGRP) provides both recreational and educational opportunities 

for the public . Boating, fishing, and swimming occur during the spring, summer, and fall ,  and ice 

fishing and snowmobil ing are popular activities during the winter. LGRP has two trai l networks, one 

on the east side of Lake George and one on the west side,  which offer opportunities for hiking and 

cross-country ski ing. Educational opportunities exist within LGRP as wel l ,  including, but not 

l imi ted to, the study of lake ecology, forest succession, vernal pool ecology, and archaeology. 

LGRP has identified two vernal pools, one on each side of the lake, which are easily acces­

sible to visitors . An educational kiosk exi sts near the vernal pool located on the west side of Lake 

George. Vernal pools are ephemeral wetlands that support water primari ly during the springtime and 

lack a permanent outflow (MacCallum 200 1 ). Vernal pools dry up for many months during the year 

and are unable to support fi sh populations.  There are some species that inhabit vernal pools whose 

l ifecycles depend on the absence of fi sh predation. Mole salamanders (Ambystoma spp.) ,  wood 

frogs (Rana sylvatica) ,  and fairy shrimp (Eubranchipus spp.)  are all obligate vernal pool species. 

Facultative species that take advantage of vernal pools but do not depend on them exclusively 

include the American toad (Bufo americanus) , the green frog (Rana clamitans), and the red spotted 

newt (Notophthalamus viridescens). Vernal pools are considered by many to be endangered ecosys­

tems, largely due to the lack of public awareness concerning their important ecological roles and the 

need for their protection (MacCallum 200 1 ) . 

Al l  recreational activities that occur in LGRP can potential ly have adverse effects on the 

surrounding environment. Surface uses on Lake George can be especially problematic due to their 

direct influence on lake water quali ty. The main concerns with motor boating include: air and noise 

pol lution, the potential introduction of exotic species, increased erosion and sedimentation, and 

threats to public safety. Ice fishing can also lead to lake pol lution when huts, stoves, and other 

equipment are brought onto the lake. Oi l ,  gas, or other chemicals that are spil led on the ice wil l  

enter the lake when the ice melts in the spring. Trash left on the surface of the ice wil l  inevitably be 

deposited into the water when the ice melts, resulting in lake contamination (Hubbard, pers . comm.) .  

In  addition, intense ice fi shing as  wel l  as spring and summer fishing can result in  the depletion of 

prominently fished stocks. 

Recreational trai l uses raise additional concerns for LGRP. Snowmobiling poses safety 

hazards to cross-country skiers ,  and raises concerns about noise and lake pollution. Although 

snowmobiling i s  only permitted on marked snowmobile trai ls ,  occasional use does occur on the ski 

trails  (Hubbard, pers . comm.) .  The main concern with non-winter trail use is the degradation and 

subsequent erosion of trai ls  that can enhance nutrient loading into Lake George, diminishing the 

park's aesthetic value. While hiking results in some trail damage, the use of all terrain vehicles 

(ATVs) contributes the most impact through trai l compaction and widening. Although ATVs are 
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prohibited on park property, occasional ATV use does occur due to the difficulty in  enforcing park 

rules (Hubbard, pers . comm.) .  

Regulations and appropriate management strategies are necessary to minimize the i mpact of 

recreational uses within LGRP on lake water quality. A Great Ponds Task Force was established i n  

1 994 to address people's  concerns pertaining to the diminishing quality of  Maine lakes due to  human 

i mpacts (Tyler 1 999) .  The task force proposed several management strategies that appl y  directly to 

the regulation of recreational surface uses (See Analytical Procedures and Findings : Regional Park: 

Lake Uses) . Fourteen of the thirty-four recommendations have already been passed into l aw. The 

remaining park uses must be regulated under the discretion of park managers . Trai l  maintenance 

strategies are also important in LGRP to minimize erosion and runoff into Lake George and to 

preserve the aesthetic quality of the trai ls .  

Boat Launch 

Lake George has a public boat launch at the southern end of the lake. Oaks Pond has no 

public access. A survey of the shoreline indicates that residents of Oaks Pond are using their own 

property to launch their boats . 

Boat launches can have serious effects on the overall quality of lake water and the beauty of 

the surroundings . Like roads, boat launches provide easy access for runoff and sediment to enter a 

water body. However, unlike most roads, boat launches lead directly into water bodies. This  direct 

access creates an easy route for phosphorus entry to the lake (Powell ,  pers . comm.) .  Thi s  level of 

phosphoms could be reduced if runoff sediment was first fi ltered through a buffer. Boat launches 

can have enormous effects on the l ake depending on their location and number. 

A public boat l aunch might seem like the ideal solution to reduce the number of private boat 

launches. Public boat launches reduce on the number of private boat launches, which lowers the 

number of points of entry of phosphorus to the water body (Powel l ,  pers . comm.).  Unfortunately, a 

variety of di sadvantages are associated with public launches .  Boats launched in public areas are 

more l ikely to have visited many other water bodies, which may be contaminated with exotic spe­

cies. Many exotic spec ies have been introduced to lake ecosystems via boats. For example, Eur­

asi an mi lfoi l (Myriophyllum spicatum) has been introduced to small freshwater lakes and streams on 

boat propel lers and zebra musse ls  (Dreissena polymorpha) have invaded the Great Lakes region by 

being dumped with bal last water from international ships (Bouchard, pers . comm.).  The introduction 

of Eurasian mi lfoi l to the watershed could quickly take over the edges of the lake and ruin its aes­

thetic val ue .  Sw immi ng and boating would sti l l  be possible because these lakes are deep, but the 

horeline ould be l ined with weeds . This cou ld lower property values along the lake as well as the 

ba e for the town Bouchard 2000) .  

Public nd pri ate boat launche can al so add pol l utants other than phosphorus.  Oi l and 

g ol ine are often pi l led into the l ke through boat use, which is detri mental to the overall lake 

qualit . Many m 1 1  pi l l  or one large spi l l  could greatly affect the wildlife around the lake. 
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Aquatic plants, waterfowl ,  and l arger mammals would be at risk (Firmage, pers . comm.) .  

The effects of nutrient loading on lake water quality are widespread with private boat 

launches, but could be better contained with one public boat launch.  A reduced number of boat 

launches may increase overall lake water quality. 

STUDY AREA : LAKE GEORGE AND OAKS POND 

Lake George and Oaks Pond Characteristics 

Historical Perspective 

Land use patterns in the Canaan and Skowhegan area have changed drastical ly over the last 

200 years (Skowhegan 1 995 , Canaan 1 997). In the early 1 800s, land was cleared by an influx of 

small family farmers . As small farms in the rocky soi ls of Maine became less viable and the war­

time economy of the Ci vii War created jobs in large cities, small farmers sold their land to a few 

l arge landholders and left the region for more stable employment elsewhere.  Large landowners 

created a thriving dairy and poultry industry in the Canaan and Skowhegan region (Skowhegan 

1 995 , Canaan 1 997) .  In the from the late 1 800s to the mid 1 900s, following a general trend in 

Maine, many of the farms became economically unviable and were abandoned, allowing for the 

natural succession of the fields to forests. Over the past 40 years, forests have replaced thousands of 

acres of crop and pasture land in the region . There has recently been a significant increase in resi­

dential areas due to a rise in the human population in the area, especial ly in Canaan (Skowhegan 

1 995 , Canaan 1 997) .  

A 1 994 archaeological dig on the east beach shore of Lake George uncovered remnants of an 

8000 year old Paleo-Indian archaeological site (si te #70.28) (Warren, pers . comm.) .  Artifacts found 

at the site include split  cobble, chopper and hammer stones, gray rhyolite cobble stones, and kineo 

hammer stones . The artifacts suggest that multiple cultural groups briefly inhabited the site between 

the Early to Mid-Archaic and the Middle Ceramic periods (8000 BC to 1 500 AD). Due to limi ted 

funding for the excavation, the entire site was not ful ly exhumed, leaving significant amounts of 

. artifacts stil l  buried in the grassy area above the east beach (Warren, pers . comm.) .  

In the early 1 890s, George Washburn, a local entrepreneur, bui lt Mohican Lodge on the east 

beach of Lake George (Warren, pers . comm.) .  The foundations of the lodge can sti l l  be seen in the 

water a few meters out from the shore .  He was able to attract wealthy people from the cities of New 

England to visit the lodge with the help of the train system that had recently been extended into 

Maine. The city patrons were attracted by the quiet pristineness of the lake, the good company and 

food, and the excel lent fishing and boating. World War I put an end to the profits for Mohican 

Lodge. Consequently, in 1 922, the lodge and its land was sold to Camp Modin, a summer camp for 

boys from the metropolitan areas of New York and New England. A few years later, a girl s '  camp 

was built  across the lake from the boys ' camp. For 70 years, the primary inhabitants of Lake George 
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were the residents of Camp Modin,  although a few private cottages were built on the northern shore­

l ine of the lake (Warren,  pers . comm.) .  

Funded by the B ureau of  Parks and Recreation of  the Department of  Conservation and the 

Land for Maine 's  Future B oard, the State of Maine purchased the 275-acre camp in 1 992 for 

$850,000 for the purpose of becoming a Central Maine swimming park (Hubbard, unpubli shed­

document) . Five months after the purchase, the State of Maine leased the land to the towns of 

Skowhegan and Canaan in an interlocal agreement to jointly manage Lake George Regi onal Park. 

The park i s  managed by ten volunteer directors who are appointed for three-year terms by the select­

men of Canaan and Skowhegan . The park official ly opened in July 1 993 , when the construction of 

the public recreational area on the west side of the lake was completed. The public boat launch was 

completed in November 1 993 , and the east beach and facil ities were completed in  July 1 995 .  In 

1 994, over 5 ,000 people v isited Lake George. By the summer of 200 1 the number of visitors had 

increased to 25 ,000 (Hubbard, unpubli shed document) . 

The hi story of Oaks Pond is  less well documented than the h istory of Lake George. Oral 

hi storical accounts indicate that the first camps on Oaks Pond were built in the 1 930s along a narrow 

span of shoreline (Dionne, pers . comm.) .  The remainder of the shoreline and much of the sub­

watershed immediately surrounding Oaks Pond were owned by a large dairy farm. In the mid- 1 900s 

the farm was sold and the grazing land reverted to forest. Throughout the twentieth century, many 

seasonal camps were bui lt on the shore of Oaks Pond. In the past decade a small number of seasonal 

camps on Oaks Pond were converted to year round residences (Dionne, pers . comm.) .  

Bioloi:ical Perspective 

Lake George and Oaks Pond are part of the Lower Kennebec River watershed. The water­

shed encompasses 3484 square mi les, 50 percent of which i s  agrarian or urban riparian (EPA 200 1 ) .  

The urban ripari an classi fication is  indicative o f  a town or city settlement along a flowing water 

body. The Lower Kennebec River watershed extends from north of Skowhegan to j ust south of 

Gardiner. The entire area drains into the Kennebec River, which ulti mately flows into the Atlantic 

Ocean . Within the watershed are 29 1 8  total ri ver mi les (EPA 200 1 ) . 

Lake George is  located within the towns of Canaan and Skowhegan (80 percent of the lake 

lies in Canaan) .  It covers an area of 335 acres, making it more than three times the size of Oaks 

Pond. Lake George receives flow from two unnamed tributaries and drains into Oaks Pond. 

Oaks Pond lies entirely within Skowhegan and covers an area of 102 acres.  Lambert Stream 

flows out of Round Pond and drains much of the Oaks Pond watershed. Oak Stream i s  the outlet of 

Oak Pond and flows into the Little Carrabassett Ri ver, which in tum flows into the Kennebec River. 

A chematic representation of the flow of water within the two watersheds is shown in Figure 8 .  

Each lake experience turnover of the water column twice a year, when the water temperature 

change ith ea ons ·  as a re ult they are classified as dimictic lakes (See Figure 1 ) . Both water 

bodie upport large fi herie nd a variety of wi ldlife and aquatic macrophytic vegetation . Thi s  
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Figure 8. A schematic representation of the inflow and 
outflow of Lake George and Oaks Pond. Unlabeled sources 
have no name. 

biological diversity is important to the people who l ive in the area who enjoy i ts aesthetic qualities 

and ecological contributions that help to preserve the quality of both watersheds . 

Flora of Lake George and Oaks Pond 

There is little difference in macrophytic plant species between Lake George and Oaks Pond. 

Macrophytes are defined as large, visible, rooted aquatic plants (Smith and Smith 200 1 ) . Both lakes 

support multiple emergent and floating species including pickerel weed (Pontederia cordata), 

arrowhead (Sagittaria spp.) ,  watershield (Brasnia schreberi), yellow pond lily (Nuphar variegatum), 

scented pond l i ly (Nymphaea odorata), coontail (Ceratophyllum spp.) ,  pipewort (Eriocaulon 
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aquaticum), and elodea (Elodea canadensis) . These species are found in  the shallow shoreline areas 

where they have the most exposure to sunlight. Emergent and l ittoral species are simi lar for both 

bodies of water. The difference between species stems mostly from the amount of sunlight  avai lable 

and space for growth in the periphery of the lakes.  Most of the floating and emergent species inhabit 

coves that protect them from the northwest and southeast prevai ling winds because there is less wave 

action . Lake George supports larger populations of l ittoral species as a result of more shallow 

shoreline area. The macrophytes present in  the water bodies are important to the aquatic ecosystems 

and l ifecycles .of other biota because they help to maintain food webs, provide habitats for aquatic 

species, and influence predator/prey interactions.  Larger and longer food webs support more stable 

populations of species and larger biomass of organisms (Smith and Smith 1 998) .  

Macrophytes are also important to the lake water quality because they act as  sponges and 

buffers for nutrients and help mitigate against erosion and may slow down eutrophication. They also 

affect pH levels, dissolved oxygen , and dissolved organic and inorganic carbon, which are important 

to the ecology of lakes (Jeppesen 1 998) .  

Multiple factors influence the success of macrophyte populations .  As nutrient levels  in­

crease, corresponding algal growth can block sunlight and inhibit photosynthetic abil i ties of 

submergent plants .  Changes in l ight conditions can alter biodiversity of plant species and lake 

condi tions, which can further alter macrophyte populations .  Even pis.civore (fi sh eaters) density can 

affect macrophyte populations by changing grazing pressures caused by their hunting pressure on the 

grazers . The pH in a lake is another factor influencing macrophyte populations (BI493 1 999) . A 

change in  pH can alter the osmotic balance within plant cells causing the plant to either die when its 

cel ls lyse from absorbing too much water or al locate more energy towards maintenance of osmotic 

balance and away from growth and reproduction, decreasing the population . 

Fish Species of Lake George and Oaks Pond 

Both waterbodies are classified as warm/coldwater fisheries and contain simi lar species . The 

six principle game fi sh for the lakes are : brown trout (Salmo trutta), largemouth bass (Micropterus 

salmoides),  smal lmouth bass (Micropterus dolomieui), yellow perch (Perca flavescens) , chain 

pickerel (Esox niger) ,  and rainbow trout (Salmo gairdneri) (Lake George only) (IF&W, unpublished 

document) . Lake George is best known for i ts ideal smallmouth habi tat and stable brown trout 

fi hery Oaks Pond is known for brown trout, smal lmouth bass, and perch (IF& W, unpublished 

document). The brown trout is one of the most popular and sought after game fish. This species is  

part of the coldwater fi shery that i s  stocked and able to be maintained because of the depth of the 

lake and the good water qual ity. A l ist of species found in Lake George and Oaks Pond is found in 

Appendi x B .  

There i no public landing around Oaks Pond because most of  the shoreline is privately 

owned. The I ck of easy public acce l i mit fi shing duri ng most of the year except during the 

winter. 0 k Pond i more e i ly acce ed in the winter by snowmobi le or ATVs when it is possible 
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Figure 9. Mean number of legal-sized 
fish taken per trip to Oaks Pond in the 
winter for the years of 1987, 1998, and 
1 999. Means were provided by IF&W 
unpublished document. No data are 
available for summer harvests. 

to drive out onto the pond by snowmobi le and 

not trespass on private property. There is consid­

erably more fishing in the winter on both lakes 

because of the accessibi lity afforded by snow­

mobi le (Hubbard, pers . comm.) .  

Information on catch rates of both lakes 

is limited. No data exist for Lake George and 

data for Oaks Pond are provided by personal 

communication and one unpublished IF& W 

document. Past data on Oaks Pond show an 

overal l decline in the number of legal-sized 

brown trout taken per trip in the last decade 

(Figure 9).  Supporting information revealed that 

30 years ago one could catch a bucket of white 

perch within a few hours ; now it takes a few 

hours just to catch two or three perch (Dionne, 

pers . comm.) .  In the early 1970s, it was possible 

to catch brook trout in the tributaries and inlets 

but there has been no sign of brook trout in these locations for a number of years . Intense winter 

fishing i s  most l ikely the cause of unsuccessful fishing at other times during the year. Lake George 

i s  ultimately easier to fi sh than Oaks Pond during all seasons, especial ly during the non-winter 

months, because of its public access. It also accommodates intense winter fishing because of its 

snowmobi le access. More people fish on Lake George in the winter than in the summer because the 

high summer traffic ,  especially in swimming areas, disturbs the fi sh and other recreational users who 

may not be fishing but must also be avoided (Hubbard, pers . comm.) .  Throughout the warmer 

months, fishing is  better in the early morning and evening when the crowds of other recreational 

users are not there and the fish are more acti ve (Hubbard, pers . comm.) .  

Stocking in Lake George and Oaks Pond 

The IF& W stocks both lakes with coldwater fi sh including brown trout, brook trout, rainbow 

trout, and splake. Splake have only been introduced since the fall  of 1999 in Lake George and in the 

fal l  of 2000 in Oaks Pond. More recently, stocking has changed almost exclusively to brown trout 

and splake (IF& W, unpubli shed document). Splake is stocked to increase catch rates and provide the 

public with a successful fishery. Splake is a hybrid resulting from lake trout sperm ferti l izing }?rook 

trout eggs . These fish possess a "hybrid vigor" that permits them to grow faster and l ive longer, 

providing a consistent and productive fishery (IF&W 200 1c) .  Exclusive stocking of only brown 

trout in Oaks Pond occurred from 1 959 unti l 1 998.  IF& W management wil l  continue the stocking of 

brown trout in both lakes provided that their populations and harvest rates remain high (IF& W, 
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unpubli shed document) . 

Brown trout i s  one of the hardiest species of salmonids .  Thi s  species i s  capable of withstand­

ing higher temperatures and lower water quality than brook and rainbow trout. Brown trout i s  also a 

popular coldwater fish to stock because it is  able to compete with warmwater species (IF&W, unpub­

l ished document) . 

Additionally, in  1 99 1 ,  2,030 sea-run alewives were introduced into Lake George as part of a 

four-year study to observe the interaction of alewives with the resident fish species of Lake George 

and their indirect effect on water quality. The study was part of the project to restore shad and 

anadromous alewife populations in the Kennebec River above Augusta. Lake George w as chosen 

because of its size, accessibility, and resident fish species. The alewife stocking was discontinued in  

1 993 as  the result of  lack of  manpower for trapping alewives during the recording periods 

(Stahlnecker, Robil land, and Squiers 1 992). 
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Figure 10. Comparison of the number of four species of fish stocked in Lake George 

between the years of 1993 and 2001 (IF&W, unpublished data). Stocking for 2001 

represents fall study begun by IF&W. 

In fal l 200 1 ,  the IF&W conducted a study, in  which they stocked Lake George with 200 

brown and 200 rainbow trout to determi ne the interactions between these two species and their 

success in a warm/coldwater fishery (Figure 1 0; IF&W, unpubli shed document) . Thi s  study repre­

sents the fir t ti me that rainbow trout have been introduced into Lake George. No data have yet been 

obtained from thi study · however, the hope is that both species wi l l  coexist successfu l ly  and Lake 

George wi l l  be able to upport thi additional coldwater species. 
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The purpose of stocking i s  to maintain the popular coldwater fishery. Very few lakes support 

natural populations of cold water species because of their requirements for survival . Coldwater 

species survive best in a narrow pH range between 6 .5  to 8 .5  (warmwater species such as perch can 

survive pH ranges of 4 .5  to 8 .5)  (IF&W 200 l a) .  Coldwater species require high levels of dissolved 

oxygen and temperatures consistently colder than 68° F. Deep lakes l ike Lake George and Oaks 

Pond are important for coldwater fisheries (IF&W 200 l a) .  Waters must also have low nutrient 

levels ,  which makes the water very clear and clean .  Coldwater fi sh species are also very sensiti ve to 

si ltation, which actual ly appl ies more to the success of spawning and egg-hatching than to adult 

survival .  These fi sh are dependent on clear, clean streams that have very l ittle siltation and low 

nutrient levels to spawn successful ly. 

Lake George and Oaks Pond must be stocked because they do not meet all criteria to support 

a naturally reproducing population of coldwater species. Both lakes also lack proper spawning and 

nursery grounds. Additional ly, competition with warmwater species is specifical ly detrimental to the 

success of the young of cold water species (IF& W, unpublished document) . Many warmwater 

species, especial ly bass,  crappie,  and pickerel are piscivores ; they are influential in l imiting the 

success of the less competitive and more water quality sensitive coldwater species. 

Lake George and Oaks Pond are able to support stocked populations of coldwater species 

because these lakes are cold enough at deeper levels and also have low nutrient content. Early in the 

twentieth century, Lake George supported a successful naturally reproducing brook trout population 

that attracted vacationers from the cities, but there is now no natural population . Stocking of brook 

trout has been discontinued because of the low population levels and minimum success of the spe­

cies (IF&W, unpubli shed document). 

Species that were not stocked but have been caught or observed in Oaks Pond are the large­

mouth bass, black crappie, and the sea-run alewives (IF&W, unpublished document).  These species 

were either unauthorized introductions or, as in the case of the black crappie, entered Oaks Pond 

through the outlet leading into Oak Stream. Alewives appeared in Oaks Pond only after intense rains 

and spring melt apparently carried them over the fish weirs of Lake George and into the tributary 

connecting the two lakes (Dionne, pers . comm.) .  The bass and crappie species are very hardy and 

competitive, which indicates that they may be a long-term problem in the attempt to maintain a 

coldwater fishery in Oaks Pond. 

Recommendations for the Fisheries 

The IF& W recommends that the outlets and tributaries of both lakes be kept free of obstacles 

to allow for movement of resident and stocked fish to occur. By keeping outlets and tributaries 

open, lake levels wil l  bemore consistent, allowing fish species to move between lakes and reproduce 

with other populations (IF&W 200 1 a) .  In addition, movement of coldwater species out of Oaks 

Pond towards the Kennebec River wil l  also support fisheries in the Lower Kennebec River water­

shed. Brook trout stocking i s  expected to cease in both lakes because of failing returns and mini-
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mum catch rates (IF& W, unpubli shed document) . There wil l  be continued stocking of brown trout 

on both lakes and perhaps of splake and rainbow trout in Lake George only i f  follow-up data regard­

ing their population success are encouraging. 

Wildlife in the Lake George/Oaks Pond Watershed 

Both lakes support a large variety of other aquatic and terrestrial animals within the water­

shed because of the multiple habitats avai lable in the area. There are two marshy areas to the north 

of Lake George that provide cover for nesting birds and ducks . They are also excellent foraging 

areas for wading birds including the great blue heron (Ardea herodias) and open water fowl  such as 

the common loon (Gavia immer) .  These areas are frequented by beavers (Castor canadensis), as 

evidenced by several dams, and also by muskrats ( Ondatra zibethicus) . Lake George and Oaks Pond 

both support at least one mating pair of loons, and great blue herons have been sighted every year 

(IF& W, unpubli shed document) . The presence of the loons and herons i s  an indicator of good water 

quality because each species requires healthy fi sheries to survive.  B irds of prey such as the bald 

eagle (Haliaeetus leucocephalus) and the osprey (Pandion haliaeetus) have been seen recently at 

both lakes .  Although these species are not endangered, they are sti l l  threatened and their  populations 

have yet to reach a stable density. Consequently it  is  important to maintain the habitat quality of 

both l akes to retain these species in the Lake George and Oaks Pond watersheds (IF& W 1 998) .  The 

IF&W has recognized one waterfowl/wading bird habitat on Oaks Pond (IF&W, unpubli shed docu­

ment) . 

The forests around the lal_<es are more abundant now than they were five decades ago (See 

Figures 3 1  & 32) .  A mix of climax and secondary forests , and some transitional forest areas provide 

di verse animal habitats . The hemlock climax forests provide good wintering areas for deer because 

they accumulate less snow beneath them. The transitional areas next to fields provide good edge 

habitat for animals such as snowshoe hare (Lepus americanus), coyote (Canis latrans), deer 

(Odocoileus virginianus) , and a variety of rodent species. Mixed forests of the upper hillside regions 

surrounding the lakes offer prime habitat for bird species, as wel l  as for rodents and mid-sized 

mammals  such as porcupine (Erethizon dorsatum), striped skunk (Mephitis mephitis), red fox 

( Vulpes vulpes), and raccoon (Procyon lotor) . 

Many an imals in the combined watersheds re ly on the qual ity of the water and the habitats of 

Lake George and Oaks Pond. I t  is important to maintain good water quality and preserve a diverse 

range of terrestrial habi tats because these important ecological factors wi l l  benefit al l the species 

within the watershed. 

Geolo&:"ical and Hydrolo2ical Perspective 

Geological acti vity that occurred more than 10,000 years ago helped to form the watersheds 

of Lake George and Oak Pond. The orientation of the lakes,  the types and depth of soi ls ,  and the 

proximity of the bedrock are re ult of the movement of material and the scouring abi lities of the 
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glacier that shaped the landscape of the area. 

The predominant surficial geology around the watersheds is  glacial ti l l  (MDC 1 996) . This  

soil layer was deposited directly by  the most recent glacier as  i t  receded almost 1 2,000 years ago.  

Maine experienced multiple glacial periods during the Pleistocene Epoch ,  which lasted 1 .5 mil l ion to 

1 0,000 years ago during the Wisconsin glaciation (Bl493 2000) . The glacier was higher than Mt. 

Katahdin in B axter S tate Park ai:id was heavy enough to depress the Earth 's crust by 790 ft, allowing 

the ocean to advance inland and cover areas that are today at elevations of approximately 400 ft 

(MDC 1 996) . The inundation was the result of the rapid rise in sea level over slow terrestrial re­

bound. This depression of the crust helped to create basins that would later fi l l  up with water from 

the melting and receding glacier. This wal l of ice moved slowly southeast, gouging out the land­

scape as it progressed and deposited materials along the way. The finer-grained sediments originated 

from erosional surfaces and the mascerating of larger material caused by the grinding and weight of 

the glacier. The fine sediments remained suspended in the moving water and did not settle out 

quickly due to their l ight weight. The glacial streams and rivers fol lowed the gouged valleys left by 

the receding glacier and deposited their payloads along the margins of the valleys with the heaviest 

partic les being deposited first .  

The Kennebec River Val ley was created by this movement of glaciers . A surficial geology 

map of this  waterway reveals the carved bedrock and the varying depositional layers proceeding 

northward to the river's source (MDC 1 996) . Much of the Lower Kennebec drainage is  underlain by 

a fine-grained Presumpscot formation. This formation is composed of silts and clays, a result of 

marine deltas, which are areas where the water fanned out over a shal low water body (the coast, or 

what was coast when sea level began to rise after the glacier receded) and slowed enough that these 

l ighter particles fel l  out of suspension .  However, in the northern half of the· Lower Kennebec region 

drainage, the surface i s  covered with large boulders left by the glacier. 

Lake George and Oaks Pond lie in the northern region of the Lower Kennebec watershed. 

Their narrow basins were carved out of the bedrock in a north-south direction . They are deep lakes 

for their small size, both averaging 25 ft deep, in comparison to nearby Lake Wesserunsett, which i s  

approximately 22  ft deep at  its deepest point and approximately five times larger in  area. Thorndike 

and Plaisted soi l types are common around Lake George and Oaks Pond. These soil types are 

characteristic of shallow soi ls  on top of shale bedrock.  They are highly permeable because of their 

larger grain size,  which results in the soils  retaining l ittle water. Water percolates through the soils ,  

rapidly reaching the water table, but takes much longer to percolate down through cracks and pores 

in the bedrock. The water table is very shallow in Thorndike and Plaisted soils because of the 

proximity of bedrock to the surface.  Such soils  result in enhancing runoff into the lakes, which can 

help to recharge lake levels .  Lake George has moderate to steep slopes on the east and west sides 

that are predominantly Thorndike soi ls ,  which suggests that the water table recharges Lake George 

quickly (See Analytical Procedures and Findings :  GIS Assessment: Soils).  The basins of both lakes 

have areas of bedrock outcroppings, especial ly the east shore of Oaks Pond, which suggests the 
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l ikelihood of replenishment of the lakes by groundwater in these areas . Water found within the 

saturation zone, the l i thology between the soil surface and the bedrock, is defined as groundwater. 

Unconsolidated material conducts a greater volume of groundwater than areas of fractured bedrock 

(Caswell 1 987) .  Consequently the recharge of Oaks Pond will  occur as a result of the shal low 

saturation zone. The term recharge depicts the water that has seeped into the upper saturation zone 

and represents a potential source of replenishment for the watertable and surficial water bodies such 

as streams and lakes if the water reaches the surface (Caswell  1 987) .  The water will  stay within the 

water table and be directed by gravity until i t  can reach the surface through unconsolidated material 

or i t  can reach the exposed bedrock around the Oaks Pond shoreline . Lake George would most 

l ikely have similar hydrologic processes;  the steeper surrounding hills are good recharge areas. 

Artesian wells  within the park were drilled to a depth of 190 ft and are naturally under high 

pressure resulting in  the wells overflowing 24 hours a day (Hubbard, pers . comm.) .  Artesian aqui­

fers are those with confined ground water under pressure. The aquifers in the park are the spaces in 

fractured bedrock that are confining water. The restriction of the upward flow of water by the . 

bedrock results in  hydrostatic pressure leading to overflow of the well heads (Caswell 1 987).  

Watershed Description 

The CEAT lake water quality assessment investigated both the Lake George and Oaks Pond 

watersheds, which are located in southern Somerset County, Maine (Figure 1 1 ) .  The watershed 

boundaries used in this  study were acquired from the Maine Office of GIS (MEGIS 200 1 ). In this  

study, the Lake George watershed refers to  the larger watershed area, including Lake George. The 

Oaks Pond watershed is comprised of three sub-watersheds including the one in which Oaks Pond i s  

located (Figure 12) .  

There are small differences between the watershed boundaries acquired from the Maine 

Office of GIS (MEG IS 200 1 )  and those used by the MDEP. These differences between the MEG IS 

and MDEP boundaries were found in the northern portion of the Lake George watershed, as well as 

on the southern and western portions of the Oaks Pond watershed. The MEGIS schematic of the 

Lake George watershed area differs from the MDEP watershed area by 0.2 percent. Similarly, the 

MEGIS representation of the Oaks Pond watershed area differs from the MDEP figure by 0.6 per­

cent . In total , the MEGIS Lake George and Oaks Pond watershed areas overlap 99.2 percent with 

the MDEP watershed areas for these l akes .  Based on a conversation with Roy Bouchard, CEAT 

decided that the MEGIS watershed boundaries would be used for our study (Bouchard, pers . 

c om m . ) . 
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Figure 1 1 . The location of Lake 
George and Oaks Pond 
watersheds in the State of 
Maine. The watershed 
boundaries are outlined in 
black. Data adapted from the 
Maine Office of GIS (MEGIS 
2001). 





Watersheds 
• Lake George 
• oaks Pond 

0 0. 5 1 1 . 5  2 Miles 

Figure 12. The Lake George watershed is 
comprised of the single watershed that 
includes Lake George. The Oaks Pond 
watershed is composed of three sub­
watersheds. Watersheds are outlined in black 
(MEGIS 2001). 
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Lake Depth 
Water movement within a lake is influenced by many factors. Near shore, tributary and 

outlet location and flow can affect lake water movement. Lake depth, prevai ling winds, shape of the 

shoreline and lake basin,  and local topography can also affect lake water movement. Besides 

playing an important role in water movement, bathymetry (the measurement of the depth of bodies 

of water) helps to identify the organisms that can inhabit the lake basin (Chapman 1 996) . Lake 

George has a mean depth of 24 ft (7 .3  m) and a maximum depth of 68 ft (2 1 m) in the east central 

portion of the lake (Figure 1 3 ;  MDEP PEARL 200 1 ) . Oaks Pond has a mean depth of 25 ft (7 .6 m) 

and a maximum depth of 53 ft ( 1 6 m) in the north central portion of the lake (Figure 14 ;  MDEP 

PEARL 200 1 ) .  Both lakes are deep enough to become stratified during the summer (Chapman 

1 996) . The deep water in both basins remains cold enough during the summer to support coldwater 

fisheries (See Study Area: Lake George and Oaks Pond: Biological Perspective) . 
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Figure 13. Bathymetric map of Lake George. Data adapted from the Maine Department 

of Environmental Protection PEARL website (MDEP PEARL 2001). 
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Figure 1 4. Bathymetric map of Oaks Pond. Depth obtained from the Maine Department 

of Environmental Protection PEARL website (MDEP PEARL 2001 ). 
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STUDY OBJECTIVES 

Water Quality Assessment 

Identification of Pollution Sources 

One major aspect of water quality assessment is the identification of pollution sources. The 

numerous sources of water pollution,  including both natural and anthropogenic, can be divided into 

two categories : point source pollution and non-point source pollution (Chiras 1 994 ). A point source 

is defined as a pollution source that can be linked to a single output (Chapman 1 996) . Point sources 

include sewage pipes, factory outputs , and certain agricultural activities.  The fixed outlet allows this  

type of pollution to be collected, treated, or controlled more easily than non-point sources . Non­

point sources are diffuse sou ces that cannot be attributed to a fixed point or an activity by a single 

human . Non-point sources include runoff from farms, lawns, roads, and atmospheric deposition 

(Carpenter et al . 1 998) .  The diffuse sources cause this  type of pollution to be less distinct and harder 

to regulate . 

Lake Geori:e and Oaks Pond 

The purpose of this  study was to determine the current ecological health of Lake George and 

Oaks Pond, to recognize possible pollution sources, and to recommend techniques for maintaining 

healthy water quality. The current ecological health of the lakes was determined by water quality 

analysis .  Examining residential areas, roads, and the recreational park including the boat launch 

helped evaluate the possible pollution sources . The results from the study will provide insight to 

recommendations for maintaining healthy water quality. 

The assessment of Lake George and Oaks Pond includes physical, chemical, and biological 

tests for water quality conducted both in the field and in the Colby Environmental Analysis Labora­

tory (CEAL) . Data collection by CEAT at selected sites on Lake George began in the summer of 

200 1 .  Extensive sampling was conducted in the fall of 200 1 for both Lake George and Oaks Pond. 

The fall data collection included samples from the tributaries of both lakes. These tributary samples 

were an important component of the study because tributaries are a direct source of nutrient and 

pollutant inputs from the watershed. These data were used to characterize the water quality and to 

identify historical changes when compared with data from the Maine Department of Environmental 

Protection (MDEP). The information gathered from the water quality assessment was used to 

determine the effects of human activities on Lake George and Oaks Pond and to predict the magni­

tude of future impacts. 

CEAT also surveyed the Lake George and Oaks Pond combined watershed to examine the 

potential effects. of shoreline and non-shoreline residences, roads, and the Lake George Regional 

Park on water quality. In addition , CEAT assessed the effects of other land uses within the water­

sheds, such as agriculture and forestry practices on the ecological health of Lake George and Oaks 
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Pond. It i s  necessary to assess all of these parameters to affirm and recommend healthy watershed 

management practices to minimize pollution and human induced eutrophication . 

ANALYTICAL PROCEDURES AND FINDINGS 

WATER QUALITY STUDY SITES 

Twelve sites were selected for water testing on Lake George and eight sites were chosen for 

Oaks Pond. Three types of sample sites �e included in CEAT's study : characterization, spot, and 

tributary. Characterization sites were chosen to help classify the entire lake's physical and chemical 

characteristics,  which could then be compared to historical data provided by the MDEP taken at 

approximately the same locations.  Spot site testing occurred at sites on Lake George and Oaks Pond 

where the potential threat to water quality by non-point pollution introduction was perceived. For 

example, the water bordering the shorel�ne where the LGRP septic systems are located was tested for 

Escherichia coli. Tributary sites were chosen within inlets of Lake George and Oaks Pond to assess 

possible point-source inputs into the lake and the outlets were also sampled. 

A Garmin® Global Positioning Systems (GPS) 1 2CX was used to record coordinates at each 

site ,  which are presented in Uni versal Transverse Mercator (UTM) units . These units give location 

in the form of a coordinate pair that is first signified by an east-west distance or easting, followed by 

the north-south distance or northing (Clarke 200 1 ) . These coordinates correspond with a global grid 

that i s  designed to give position in meters from a Central Meridian (easting coordinate) ,  which is  

significant to a single zone distinguished from others around the world, and the Equator (northing 

coordinate) .  Both lakes fall within zone 19 on the global grid. The approximate locations of sample 

si tes for Lake George (Figure 1 5) and Oaks Pond (Figure 1 6) are described in the following text . 
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Figure 1 5. Lake George sampling sites tested during water quality analysis by 

CEAT on 19-Jul-O l,  7-Aug-01, 28-Aug-Ol, and 1 2-Sep-01 .  Sites 1, 2,  3,  and 8 are 

Characterization Sites, Sites 4, S, and 9- 13 are Spot Sites, and Site 14 is the outlet 

site for Lake George. Tributary Sites 6 and 7 were not sampled because no flow was 

observed at these sites. 
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Figure 1 6. Oaks Pond sampling sites tested during water quality analysis by CEAT 

on 1 7-Sep-01 .  Site 8 is the Cha racterization Site , Sites 2, 3, 5, and 7 a re Spot Sites, 

and Site s 1 ,  4, and 6 are the Tributary Sites of Oaks Pond. Tributary Site 6 was not 

sampled because no flow was observed at this site. 

Biology 493: Lake Geor e and Oaks Pond Page 54 



Lake George 

Characterization Sites 

Site 1 :  Easting 04532 10 ;  Northing 4958335 

Site 1 was located near the deepest part of the lake (68 ft) .  It is approximately half way 

between either shore on the east and west sides and slightly north of the halfway point moving south 

to north . The site was chosen because the deepest part of the lake represents the overall quality of the 

water column, which allowed CEAT to measure the physical and chemical water quality parameters . 

Historic data are avai lable from MDEP for this site (MDEP PEARL 200 1 ) .  

Site 2 :  Easting 0453375 ; Northing 4957659 

Site 2 was located approximately 100 ft offshore of the western shoreline within the park 

boundaries between a gray house and a long tree trunk in the water. A large snag was located on the 

hill  to the right of the houses . This  site was chosen to measure the physical and chemical character­

istics of the southern end of Lake George and to compare to values obtained from Spot Site 5 .  

Site 3 :  Easting 0453035 ;  Northing 4959223 

Site 3 was located in the northwestern cove approximately 250 ft from the mouth of the 

tributary equidistant from both shores of the cove. This  site was chosen to test its physical and 

chemical characteri stics and to assess the impact of the tributary on water quality parameters . 

Site 8 :  Easting 0453657 ; Northing 4959078 

Site 8 was located in the northeastern cove equidistant from the eastern shore and the shore 

of the north peninsula point. It was chosen as a characterization site to make comparisons to Site 3 

and to test water quality affected by inflow from the tributary entering the cove. 

Spot Sites 

Site 4:  Easting 045333 1 ;  Northing 4957436 

Site 4 was located approximately 50 ft offshore from the west beach swim area. This site 

was chosen to investigate problems linked to erosion and human activity. There is a septic system 

located approximately 300 ft uphil l  from the shoreline . The presence of nitrates and E. coli was 

tested to investigate the function of the septic systems. This site was also chosen to make compari­

sons to the septic facility .of the east side, which receives more park patrons.  

Site 5 :  Easting 0452985;  Northing 4958882 

Site 5 was located along the western shoreline approximately 50 ft offshore from the red 

house. It was located to the right of the yellow-marked rock in the middle of the line of summer 

camps. This site was chosen to test for potential problems stemming from camp septic systems and 
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erosion. 

Site 9 :  Easting 045390 1 ;  Northing 49579 1 0  

Site 9 was located at a land based culvert at the end o f  the east side swim area. Samples were 

taken onshore below the path and five feet above where the stream forks before running down a 

slight  slope into the water. This site was chosen to measure arsenic  levels (mentioned as a potential 

i ssue by park personnel) from the overflow of wells  used for park services and for potential nutrient 

loading stemming from erosion .  

S ite 10 :  Easting 0453839;  Northing 4957898 

Site l O was located approximately 50 ft offshore from the middle of the east side beach area. 

This  site was chosen to test for problems associated with intense swimming activity and runoff from 

the parking lot located approximately 200 ft from the water's edge. 

Site 1 1 :  Easting 045373 8 ;  Northing 4957789 

Site 1 1  was located approximately 50 ft offshore from the west facing leach bed and septic 

system of the east side portion of the park. The samples were collected across from the large boulder 

adjacent to the white birch below the leach bed. This  site was chosen to test for problems caused by 

high use of restroom facil ities and the related septic system. 

Site 1 2 : Easting 0453568 ; Northing 4957487 

Site 12 was located approximately 50 ft offshore of the eastern shoreline in  the middle of 

the l ine of apparently abandoned camps .  Samples were taken across from the garage-like shed with 

tan shingles nearest to the east side access road. This  site was chosen to examine the impacts on 

water qual ity that could be linked to improper disposal or storage of chemicals  within the abandoned 

camps. 

Site 1 3 :  Easting 0453372;  Northing 4957240 

Site 1 3  was located 50 ft offshore of the boat ramp (so as not to stir up any sediment) . This  

site was chosen to  examine nutrient loading associated with runoff from the adjacent parking lot and 

the boat launch area. 

Tributary Sites 

Site 1 4 : Easting 0453 1 57 ;  Northing 4957027 

Site 1 4  was located in the out let of Lake George on the southern (downstream) side of 

Route 2 next to the bridge. Thi s site was chosen to test the quali ty of water leaving the lake and to 

asses the po sible implications this water might have as a point source for Oaks Pond. 
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Sites 6 and 7 :  

These sites were in the tributaries at the northern end of  Lake George. CEAT was unable to 

test or collect samples because there was no water flow. 

Oaks Pond 

Characterization Sites 

Site 8 :  Easting 0452450; Northing 495625 1 

Site 8 was located near the deepest point of Oaks Pond (53 ft) and near the sampling site of 

MDEP. It is located approximately one-third the length of Oaks Pond from the north shore near 

Steve Dionne 's house. This site is approximately  where Steve Dionne, the Vol unteer Lake Monitor­

ing Program participant for Oaks Pond, takes secchi disk readings . This site was chosen to measure 

the overall physical and chemical water quality parameters of Oaks Pond. The site was also chosen 

by the CEAT to make comparisons with historical MDEP data. 

Spot Sites 

Site 2: Easting 0452757;  Northing 49563 88 

Site 2 was located approximately  50 ft offshore from the cluster of houses in the northeastern 

cove along B l ue Heron Road (Fire Lane #2) .  This site was chosen to assess for any potential prob­

lems related to runoff and septic systems. 

Site 3: Easting 0452304 ;  Northing 4955965 

Site 3 was located approximately 50 ft offshore on the eastern side of the l ake centered along 

the row of houses on Woodcock Lane (Fire Lane #4 ). This site was chosen to test for any problems 

related to runoff, erosion,  and faulty/inadequate septic systems. 

Site 5 :  Easting 0452070;  Northing 4956 1 28 

Site 5 was located approximately 50 ft offshore from where there are no houses and centered 

along the western shoreline opposite of Site 3 .  This site was chosen to provide a comparison of 

water quality between a site with no houses and Site 3, which has many camps nearby. 

Site 7 :  Easting 0452484; Northing 4956536 

Site 7 was located approximately 50 ft offshore from the group of houses on the northwestern 

side of Oaks Pond. This site was chosen to determine any effects on water quality from runoff and 

septic systems in this area. 

Tributary Sites 

Site 1 :  Easting 0452608 ; Northing 495654 1 
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Site 1 was located in  the tributary draining into Oaks Pond from Lake George bordering 

Steve Dionne's property. This site was chosen to determine the water quality flowing into the pond 

as a possible point source for nutrients and sediments . 

S ite 4 :  Easting 045 1 839;  Northing 495548 1 

Site 4 was located approximately 20 ft downstream of the snowmobile bridge crossing the 

outlet for Oaks Pond. This site was chosen to determine the quality of the water leaving the lake and 

to compare the values to those of the water entering the northern end of the pond and the overall lake 

quality. 

Site 6 :  Easting 0452 1 36 ;  Northing 4956329 

Site 6 was located approximately 1 5  ft on the east on the lake side of the beaver dam, in a 

very marshy area that is  part of Lambert Stream. CEAT did not sample here because there was no 

flowing water. 

WATER QUALITY METHODOLOGY 

CEAT conducted i ts assessment of the water quality of Lake George and Oaks Pond in the 

field and in the Colby Environmental Analysis Laboratory (CEAL). Water sample collection and 

field measurements were conducted on 1 2-Sep-0 1 for Lake George and 1 7-Sep-0 1 for Oaks Pond. 

Open water sampling sites were accessed using boats, canoes, and a kayak. Tributary sites were 

accessed using a canoe or on foot. 

Physical measurements performed in the field included depth, dissolved oxygen, tempera­

ture, turbidity, and tributary flow. Depth measurements were taken using a HONDEX™ Model PS-7 

depth finder with a LCD™ Digital Sounder or a Humminbird™ depth finder. Dissolved oxygen and 

temperature readings were col lected using a YSI™ Dissolved Oxygenffemperature meter or an 

Orion™ Dissolved Oxygenffemperature meter (Orion Research Inc .  1 999) . The dissolved oxygen 

meters were calibrated in the laboratory prior to use.  Turbidity was measured in the field using a 

Hach TM 2 1 00N Turbidimeter. An Aqua Scope™ and a Secchi disk were used to measure transpar­

ency. Flow in the tributaries was measured using the Flo-mate™ Flow Meter (Marsh-McBimey Inc . 

1 990) .  A HORIBA ™ Twin pH meter was used to measure pH and was calibrated in the field before 

use . 

Physical measurements taken in the laboratory included true color, conductivity, and turbid­

ity. Chemical analyses performed in the laboratory included total phosphorus, nitrates, hardness, and 

alkalinity. Northeast Laboratory Services in Winslow, Maine conducted tests for coliform bacteria, 

heavy metals and volati le organics for Lake George. Northeast Laboratory Services also tested 

coliform bacteria for Oaks Pond. ortheast Laboratory Services used EPA method 600-R-00-0 1 3  

for total col iform and £. coli analy  is ,  EPA method 60 1 0B for heavy metal analysis ,  and EPA method 

Biology 493: l.Jlke George and Oaks Pond Page 58 



8260B for volatile organks analysis .  The methods for physical and chemical testing are described in  

the Lake George and Oaks Pond Water Quality Measurements and Analysis section of this  report and 

Appendix C.  

Water samples for each test were collected in appropriately sized and labeled plastic 

Nalgene® water bottles .  Bottles used for phosphorus testing were rinsed three times with 1 :  1 hydro­

chloric acid and then rinsed three times with E-pure water. Bottles used for the other physical and 

chemical tests were rinsed three times with RO pure water. 

Four types of water samples were collected: surface grab, mid-depth grab, bottom grab, and 

epicore .  Surface grabs were collected for all tests at all sites, and mid-depth grabs, bottom grabs, 

and epicore samples were taken at the characterization sites on both lakes.  Epicore samples were 

collected using a 1 12-inch flexible clear tube that was rinsed three times with lake water prior to 

sample col lection . The tube was lowered into the water column to 1 m below the epi l imnion to 

collect a representative sample of that part of the water column. The tube was then emptied into a 1 

L Nalgene® bottle for mixing; this  process was repeated two more times. The epicore sample 

represents a composite of the three tube samples. A Wildco™ water sampler was used to collect 

mid-depth and bottom grab samples, with bottom grab samples being taken 1 m above the bottom of 

the lake. 

Water samples collected in the field were stored on ice in coolers unti l they were placed in 

the refrigeration uni t  in the CEAL. Samples remained in the refrigerator at 4 ° C unti l chemical 

analysis .  Water samples used for nitrates and hardness testing were preserved by acidifying the 

samples to a pH of less than two. Chemical tests were then performed within the holding time for 

the samples (Appendix C) .  

Adherence to Quali ty Assurance protocol ensured the accuracy of the sampling and testing 

performed by CEAT (Appendix C). Samples collected for laboratory testing included a duplicate 

and a split  sample for every ten samples collected. Duplicate samples were collected in two separate 

bottles to test field sampling accuracy. Split samples were collected in one water bottle and split  into 

two bottles upon return to the laboratory to test the accuracy of laboratory analysis .  

Lake George and Oaks Pond Water Quality Assessment 

Lake Water Quality 

Physical Measurements 

Physical characteristics,  unique to individual lakes, influence the biological activity and 

amount of suspended material in the water column (Chapman 1 996) . The physical measurements 

made on Lake George and Oaks Pond included dissolved oxygen (DO), temperature, transparency, 

turbidity, conductivity, and color. 
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Dissolved Oxygen and Temperature 

DO is a measure of the oxygen concentration in the water column, and temperature is a 

measure of heat energy (Reid 1 96 1 ) .  DO and temperature affect the biological activity of the l ake, 

resulting in greater levels of productivity and activity at higher temperatures (Chapman 1 996) . DO 

is directly related to temperature because colder water can hold more dissolved oxygen than warmer 

water (Reid 1 96 1 ) .  Low oxygen concentrations in the water column can have negative effects on 

fish, especiall y  if oxygen depletion occurs in the deep waters of the hypolimnion (Pearsall 1 993) .  

D O  concentrations vary throughout the water column daily and seasonally due to changes i n  tem­

perature and biological activity. DO is one of the most important parameters to consider· w hen 

assessing the water quality of a lake (Chapman 1 996) . 

Methods 

DO and temperature measurements were recorded by CEAT on 1 2-Sep-0 1 on Lake George 

and 1 7-Sep-0 1 on Oaks Ponds using the OrionTM DO!femperature and YSI™ DO!femperature 

meters . DO and temperature readings were recorded in one-meter increments from the surface to the 

bottom to create a profile.  CEAT coll ected the readings at Characterization Sites 1 ,  2, 3, and 8 on 

Lake George and Characterization Site 8 on Oaks Pond. DO was measured in parts per million 

(ppm), and temperature was measured in degrees Celsius (° C).  Historical data were obtained from 

the MDEP (MDEP PEARL 200 1 ) .  

Results and Discussion 

Historical MDEP DO data for Lake George showed stratified profiles for the years 1 985 ,  

1990, 1 995 , and 200 1 (Figure 17) .  The MDEP sample site is  near CEAT Characterization Site 1 .  

The historical DO values ranged from 8 .5  ppm in 1 985 to 8 .7  ppm in 1 995 at the surface for the 

years sampled (MDEP PEARL 200 1 ) . The historical values ranged from 1 .2 ppm in 1 985 to 0 .8  

ppm in 1 995 at the bottom of the l ake. The oxygen levels in the hypol imnion are lower in 1 995 than 

in 1 985 ,  suggesting that the oxygen depletion in the deep areas of the lake has been occurring for 

some ti me . A lack of oxygen could have potential negative impacts for the coldwater fisheries in the 

future . The lake may not be able to support the coldwater fisheries if oxygen levels remain bel ow 

the critical level of 5 ppm to 6 ppm (Boyd 2000). 

DO and temperature measurements were col lected by CEAT on 1 9-Jul -0 1 ,  7-Aug-0 1 ,  28-

Aug-0 1 ,  and 12-Sep-O l at Characterization Site 1 on Lake George (Figure 1 7) .  Lake George Char­

acterization Site 1 is the on ly  site sampled on Lake George that was sufficiently deep enough to 

show c lear stratification in the water column. The values of DO at the surface ranged from 8 .0 ppm 

to 9 .4 ppm duri ng the summer and fal l  of 200 1 .  DO readings are highest in the epi l imnion where 

oxygen is repleni shed from the atmosphere.  The temperature profi le is simi lar to the DO profile ,  

with the highest temperature leve ls  occurring in  the epi l imnion and the lowest in  the hypolimnion. 

Temperature of the lake water ranged from 22.4° C at the surface to 6 .2° C at the bottom on 1 2-Sep-
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0 1 .  The layers are separated by a thermocline, which is a stratum of rapidly decreasing temperature 

between the epilimnion and the hypolimnion . 

DO concentrations are fairly constant in the profile until a depth of about 6 m where the 

oxycline is present. The oxycline is approximately 2 m thick and is the layer of water where the DO 

concentration fal ls  sharply between the epi limnion and the hypolimnion (Henderson-Sellers and 

Markland 1 987) .  The DO concentration in the hypolimnion at Characterization Site 1 ranged from 

0. 1 ppm to 4 .5  ppm in the summer of 200 1 ; the value in the fal l  of 200 1 was 3 .5 ppm. The concen­

trations of DO at the bottom of the lake were lower in the late summer and early fal l  than in the mid 

summer. DO concentrations decrease over the summer months into the early fal l  because the oxygen 

is used by fish and decomposition processes (Boyd 2000) . The data col lected by CEAT support the 

MDEP records, showing oxygen depletion in the deep areas of Lake George. These low levels of 

oxygen could result in future declines in the fi sh populations of Lake George (MDEP PEARL 200 1 ) . 

,_ 

- 23-Aug-85 1 7-Aug-95 

- 20-Aug-90 

0--����������---���--

2 ------------� ------t 

4 --+-----------,.._ -----

64---------11�_,..�--� 

- 19-Jul  28-Aug 

- 7-Aug 1 1 1 1 1 1 1 1  1 2-Sep 

0 --���������-----� ���-. 

2 ----------------- ---

4 ----------------- ------1 

e 8 --����---.--,,_, 
.;: 10 -------� , �------------t .;: 8 ------------ --------I 
Q.. Q.. Q 1 2 -+-----�j·�#---------.. Q 10 ---------.-- ---------1 

14 ---��- �---'--������---1 

1 6-4--�----.�---------------i 

1 8 -4---= �-41�----------------i 

1 9 --+-----�---..-.----,............_...,........,...__.,_,......,.._,. __ ..,......,."""'!'-t 
0 2 4 6 8 10  12  

Dissolved oxygen (ppm) 

1 2 -----����,��-------1 

14 --------- �,..,,,....---------I 

1 6 __l-:;;��::,....,�������_,.....,� 

0 2 4 6 8 1 0  1 2  
Dissolved oxygen (ppm) 

Figure 17. The figure at the left shows dissolved oxygen (ppm) for Lake George near 

CEA T Characterization Site 1 plotted against depth (m) from 1985, 1990, 1995, and 

2001 (MDEP PEARL 2001). The figure at the right shows dissolved oxygen (ppm) for 

Lake George collected by CEA T plotted against depth (m) at Characterization Site 1 

on 19-Jul-Ol ,  7-Aug-01,  28-Aug-Ol ,  and 12-Sep-Ol .  See Lake George site map for site 

location (Figure 15). 

CEAT also measured DO at Characterization Sites 2,  3, and 8 in the summer and fal l  of 200 1 

(Figure 1 8) .  The DO concentrations are constant throughout the water column because the sites are 

not deep enough for stratification to occur. Characterization Sites 2, 3 ,  and 8 are shal lower than the 
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depth of the oxycline at Characterization Site 1 .  The DO concentrations fal l  into the 8 ppm to 1 0  

ppm range, a s imi lar range as the epil imnion fo r  the stratified Characterization Site 1 .  The D O  at 

these shallower sites can be replenished due to diffusion and constant mixing i n  the water column 

from wind action. 
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Figure 18.  The figure at the left shows the dissolved oxygen (ppm) for Lake George 

plotted against depth (m) at Characterization Site 2 in the summer and fal l  2001.  The 

figure at the right shows dissolved oxygen (ppm) for Lake George plotted against depth 

(m) at Characterization Site 3 in the summer and fall 2001.  See site map for site 

locations (Figure 15). 

CEAT obtained h i storical DO data from �EP for the years 1 987 and 1 998 for Oaks Pond 

near CEAT Characterization Site 8 (�EP PEARL 200 1 ) . Historical DO concentrations at the 

surface were 8 . 1 ppm on 1 8-Aug-87 and 7 .9  ppm on 14-Aug-98 (Figure 1 9) .  Like Lake George, 

Oaks Pond i s  strati fied at the deep areas of the lake. The DO concentration i s  lower in  the hypoli m­

nion than the epi l imnion.  The h i storical DO concentrations, measured in the hypol imnion, were 2 .3  

ppm on 1 8-Aug-87 and 0.7 ppm on 1 4-Aug-98 . Oxygen depletion in the hypoli mnion may be 

increasing because the val ue of DO was much lower in 1998 than in 1987 . More study i s necessary 

to document th i s  change . Low val ues of DO may result in a dec l ine in the coldwater fi sheries i n 

0 k Pond (MDEP 2000). 

CEAT measured DO and temperature on 1 7-Sep-O l at Characterization S i te 8 .  The lake 

water temperature ranged from 20.8°  C at the surface to 4.6° C at the bottom on l 7-Sep-0 1 .  The DO 

concentration at the urface wa 8 .3  ppm and 0.2 ppm at the bottom of the lake (Fi gure 1 8) .  The 
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oxycline w as located at approximately 5 m depth in the water column.  The low DO concentration at 

the bottom of the lake i s  of concern for the coldwater fisheries in Oaks Pond. The DO concentration 

on 1 7-Sep-0 1 (0.2 ppm) was lower than the concentration found by the MDEP on 14-Aug-98 (0.7 

ppm), suggesting that oxygen depletion i s  increasing. The DO concentrations drop more rapidly 

below the oxycline in Oaks Pond as compared to Lake George, suggesting that oxygen depletion is  

of  greater concern in Oaks Pond. Continued monitoring i s  important because of  the potential nega­

tive impacts of low DO levels for the coldwater fi sheries in both lakes in the coming years . 

0 
- 1 8-Aug-87 

2 2 
- _14-Aug-98 

4 4 

,-.. 6 E ,-.. 6 E ,_. _.. 
..c 8 ... ..c 8 ..... c.. c.. � � 
Q 1 0  Q 10  

12  

14  

1 6  
0 1 2 3 4 5 6 7 8 

Dissolved Oxygen (ppm) 

1 2  

14  

1 6  
9 0 1 2 3 4 5 6 7 8 9 10  

Dissolved Oxygen (ppm) 

Figure 19. The figure at the left shows dissolved oxygen (ppm) for Oaks Pond plotted 

against depth near CEA T Characterization Site 8 in 1987 and 1998 (MDEP PEARL 

2001). The figure at the right shows the dissolved oxygen (ppm) for Oaks Pond plotted 

against depth at Characterization Site 8 on 17-Sep-01 collected by CEA T. See Oaks 

Pond site map for site location (Figure 16). 

Transparency 

Transparency i s  the basic measurement used by the MDEP and the Volunteer Lake Monitor-

ing Program to assess the water quality, primary productivity, and trophic state of Maine's lakes .  

Transparency measures the clarity of  water in a lake and is  influenced by the amount of  suspended 

particulate matter and the penetration of light into the water column (Pearsall 1 993) .  Transparency i s  

primarily reduced by high levels of  primary productivity, especially algae .  As  waters become more 

eutrophic,  transparency readings decrease (Henderson-Sellers and Markland 1 987, Pearsall 1 993).  

Productivity i s  categorized, in meters of transparency depth, as oligotrophic (>7 m), mesotrophic (4 

m to 7 m), and eutrophic (0 m to 4 m) (Pearsall 1 993) .  Weather, location of sampling site, amount of 
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suspended particulate matter, and density of algal populations contribute to dai ly  and seasonal 

fluctuations in transparency readings in lakes (Pearsall 1 993) .  

Methods 

Transparency measurements were collected using an Aqua Scope and a black and white 

Secchi  disk at Characterization Site 1 on Lake George on 1 2-Sep-0 1 and at Characterization Site 8 

on Oaks Pond on 1 7-Sep-O 1 .  One person lowered the disk over the side of the boat, while a second 

person observed the sinking disk through the Aqua Scope™. When the disk disappeared from view, 

the depth was recorded. The disk was then lowered and raised back into view, and the depth was 

recorded. The two depths were then averaged to produce the final reading in meters . Historical data 

were obtained from the MDEP (MDEP 2000, MDEP PEARL 200 1 ) . 

7 . 5  

7 

6 .5  
--

s 6 -

..c 
Q. 5 .5  
� 

Q 
5 :.c 

y 

� 4.5 
r:J';J 

4 

3 . 5  

3 
1 985 1 987 1 988 1 989 1 990 1 99 1  1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 200 1 

Figure 20. Mean secchi disk transparency depths reported by MDEP for Lake 

George near CEA T Characterization Site 1 for selected years from 1985 to 1999 

(MDEP PEARL 2001). Year 2001 data were collected at Characterization Site 1 by 

CEA T on 12-Sep-01.  See Lake George site map for location of Characterization Site 1 

(Figure 15). 

R ult and Di cussion 

Tran parency readings were collected by CEAT at Characterization Site 1 on Lake George on 

1 9-Ju l -O l 7-Aug-0 1 28-Aug-0 1 and 1 2-Sep-O l .  The mean transparency reading for Lake George, 

col lected by CEAT a 5 . 8±0.4 m (n=4) for the summer and fall 200 1 .  Historical data were ob­

tained from the MDEP for the years 1 985 and 1 987 to 2000 (Figure 20; MDEP PEARL 200 1 ) . Over 

the 1 6-year period the tran parency readings osci l lated between 5 .2  m and 7 .0 m, with a mean value 
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of 6. 1 m (MDEP 2000, MDEP PEARL 200 1 ) . 

Annual fluctuations in  transparency are evident in Lake George, but there are no apparent 

increasing or decreasing trends in the data. The mean value calculated by CEAT for the year 200 1 is  

simi lar to the mean value calculated by the MDEP for the years 1 985 to 2000. Transparency read­

ings for Lake George are similar to those recorded by CEAT for Lake Wesserunsett and Great Pond. 

These readings are higher than Messalonskee Lake, North Pond, and Salmon Lake {Table 2) .  

According to the productivity categories proposed by Pearsall ( 1 993),  Lake George is  consid­

ered a mesotrophic lake with moderate productivity. MDEP reports that the potential for harmful 

algal blooms in Lake George is currently low (MDEP PEARL 200 1 ) . Algal populations and sus­

pended particulate matter are not currently restricting the light penetration into the water column.  

CEAT collected transparency readings at Characterization Site 8 on Oaks Pond and historical 

data from MDEP for the years 1 977 to 2000 (Figure 2 1 ;  MDEP PEARL 200 1 ) . The transparency 

reading on 1 7-Sep-O 1 was 6.0 m, collected by CEAT. MDEP mean transparency readings ranged 

from 3 . 8  m to 6 .0 m, with a mean value of 5 .3 m (MDEP 2000) . The transparency reading of 3 . 8  m 

was col lected by the MDEP in 1977, but no explanation is  given for this  low value (MDEP PEARL 

200 1 ) . The transparency readings since 1 978 have been between 5 . 1 m and 6.0 m. 
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Figure 21.  Mean secchi disk transparency depths reported by MDEP for Oaks Pond 

near CEA T Characterization Site 8 for selected years from 1977 to 2000 (MDEP 

PEARL 2001). Year 2001 data were collected at Characterization Site 8 by CEA T on 

17-Sep-01.  See Oaks Pond site map for location of Characterization Site 8 (Figure 16). 

The transparency data collected by CEAT might suggest that transparency is  higher in Oaks 

Pond because the value was higher than the mean value for Lake George in 200 1 .  However, the 

transparency reading for Oaks Pond was only one sample, and it is difficult to draw conclusions 
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from the 200 1 value because transparency readings vary dail y. Historical data from the MDEP show 

that the clarity on Oaks Pond i s  significantly lower than Lake George (unpaired t-test; df = 2; p = 

0.0079) . Lower transparency readings suggest that the amount of particulate matter in  the form of 

algal biomass and suspended solids is higher in Oaks Pond than Lake George. 

Although transparency i s  significantly lower in Oaks Pond as compared to Lake George, it i s  

c lassified a s  a mesotrophic lake under the categories proposed b y  Pearsall ( 1 993) .  The MDEP 

reports that the potential for harmful algal blooms in both Oaks Pond and Lake George is currently 

low (MDEP PEARL 200 1 ) . 

Turbidity 

Turbidity is  a measure of the scattering and absorption of l ight by suspended particulate 

matter in the water column (Chapman 1 996) . Like transparency, turbidity can vary daily and season­

al ly due to strong winds or heavy rainfalls  that may stir up bottom sediments in shal low areas . 

Turbidity, along with transparency and color determine the depth of l ight penetration into the water 

column . Light penetration and nutrient concentration determine the rate of photosynthesis and the 

level of primary productivity in a lake (Chapman 1 996) . 

Methods 

Turbidity was measured in the field using a HACH™ 2 100N Turbidimeter on 1 2-Sep-0 1 for 

Lake George and 17-Sep-O 1 for Oaks Pond. Samples were collected at Characterization Sites 1 ,  2 ,  

3 ,  and 8 on Lake George. Samples were also collected at Lake George Spot Sites 4,  5 ,  9 ,  1 0, 1 2, and 

1 3 .  On Oaks Pond samples were collected at Characterization Site 8 and at Spot Sites 2, 3 ,  5 ,  and 7 .  

The unit of measurement for turbidity is  the Nephelometric Turbidity Unit (NTU) . 

Results and Discussion 

Turbidity readings from Lake George ranged from 0.40 NTU to 1 .00 NTU, with a mean 

val ue of 0 .63±0. 1 0  NTU (n= l O) .  The range on Oaks Pond was 0.45 NTU to 0.98 NTU, with a mean 

val ue of 0.67±0. 1 0  NTU (n=5) .  

Turbidity levels are general ly  less than 50 NTU in  natural waters , although values can range 

from 1 to 1 000 NTU (Boyd 2000) . In comparison to Lake Wesserunsett, Lake George and Oaks 

Pond have lower turbidity readings (Table 2, Appendix D). The turbidity levels in Lake George and 

Oak Pond are very similar due to low levels of suspended particles and the absence of algal blooms . 

Conducti vity 

Conducti vity measures the abi lity of a body of water to conduct an electrical current. Con-

ducti ity along ith tran parency and turbidity, indicates the amount of dissolved solids in the water 

c l umn Chapman 1 996). Conducti vity is measured in micromhos per centimeter (µMHOs/cm) and 

i influenced by the degree of di sociation of mi neral salts into ions, the electrical charge of ions, 

mobi lity of ion and temperature .  E timates of mineral content and areas of pol lution may also be 
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Lake 

Lake George 
Oaks Pond 

Lake W esserunsett 
Great Pond 
Messalonskee Lake 
North Pond 
Long Pond 

North Basin 

South Basin 
Salmon Lake 

Transparency 
(m) 

5 .8±0.4 (n=4) 
6.0 (n= l )  
5 .4±0. 1 (n=9) 
5 .9±0.2 (n= 13)  
4.6±0.4 (n= l4) 
3 .8±0.3 (n=5) 

6 .2±0.4 (n= 14) 
6.5±0.003 (n=2) 
2 .9±0.4 (n=2) 

Turbidity Color Conductivity 

(NTU) (SPU) (µMHOs/cm) 

0.63±0. 10  (n= lO) 23±3 (n=5) 25.6±0.2  (n= l O) 

0.67±0. 10 (n=5) 2 1  (n= l )  35 . 1 ±0.4 (n=4) 

0.97±0.09 (n= l l )  10±3 (n=8) 39.8±0.8 (n=6) 

4.34±1 .84 (n= lO) 1 3±2 (n= l 5) 32.2± 1 .0 (n= l O) 

5 .93±1 .58 (n= l4) 50±4 (n=3) 34.3±3 . 1 (n=6) 
2 .79±0.28 (n=6) 17±2 (n=7) 27 .3± 1 .9 (n=7) 

3 .33±0. 1 7  (n=9) 1 2± 1  (n=9) 28.9±0.7 (n=5) 
2 .32±0.35 (n= l l )  8± 1 (n= l l )  34.5± 1 .9 (n= l 2) 
2 .23±0. 1 7  (n= 13) 1 3±2 (n=5) 69. 8± 1 1 .9 (n= l 2) 



indicated by measurements of conductivity. 

Methods 

CEAT collected samples on 1 2-Sep-0 1 at Characterization Sites 1 ,  2 ,  3 ,  and 8 .  Samples were 

also collected at Spot Sites 4, 5 ,  9, 10 ,  1 2, and 1 3  on Lake George on 1 2-Sep-O l .  On Oaks Pond, 

samples were taken at Characterization Site 8 and at Spot Sites 2,  3, and 5 on l 7-Sep-0 1 .  S amples 

were placed in a cooler and analyzed in the CEAL using a YSI™ Model 3 lA Conductance Bridge. 

Historical data were obtained from MDEP for the years 1 985 ,  1 987,  1 989, and 1 99 1  to 1 996 for 

Lake George and for the years 1 987 and 1 998 for Oaks Pond (MDEP 2000). 

Results and Discussion 

Conductivity measurements on Lake George ranged from 25 µMHOs/cm to 27 µMHOs/cm, 

with a mean value of 25 .6±0.2 µMHOs/cm (n= lO) (Table 2,  Appendix D). Historical conductivity 

data for Lake George ranged from 30 µMHOs/cm to 38 µMHOs/cm, with a mean value of 34 

µMHOs/cm (Appendix E; MDEP 2000)� 

Conductivity measurements on Oaks Pond ranged from 34 µMHOs/cm to 36 µMHOs/cm, 

with a mean value of 35 . 1±0.4 µMHOs/cm (n=4) (Table 2). Historical conductivity data for Oaks 

Pond were 55 µMHOs/cm in 1 987 and 60 µMHOs/cm in 1 998,  with a mean value of 58 µMHOs/cm 

(Appendix E; MDEP 2000) .  The historical conductivity for Oaks Pond is lower than the historical 

conductivity for Lake George (unpaired t-test; df = 9 ;  p < 0.000 1 ) . 

The majority of Maine lakes range in conductivity values from 20.0 µMHOs/cm to 40.0 

µMHOs/cm, and the conducti vity values on Lake George are on the lower end of the range (Pearsal l 

1 993) .  Rainwater generally has a conducti vity level of 1 0.0 µMHOs/cm to 20.0 µMHOs/cm (Boyd 

2000). 

The low level of conductivity in Lake George can most likely be attributed to a low mineral 

content of the water and minimal contribution of dissolved solids overall from runoff into the lake 

(See Lake George and Oaks Pond Water Quality Assessment: Hardness).  The conductivity level 

determined by CEAT (25 .6 µMHOs/cm) is lower than the conducti vity value found by the MDEP 

(34 µMHOs/cm).  

Oaks Pond has a slightly higher mean conducti vity value than Lake George and i s  on the 

higher end of the mean range for Maine lakes.  The conductivity value for Oaks Pond suggests that 

the amount of di ssolved solids is greater in Oaks Pond than Lake George. The conducti vity level 

found by CEAT (35 . 1 µMHOs/cm) is considerably lower than the mean determined by MDEP (58 

µMHO /cm).  Lake George and Oaks Pond have similar conducti vity readings to area lakes ,  with the 

exception of Salmon Lake with a mean conducti vity value of 69. 8± 1 1 .9 (n= 1 2) (Table 2) .  
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Color 

Color can be measured as true or apparent color. True color is  a measure of the natural 

minerals and organic acids dissolved in a body of water (Chapman 1 996). Apparent color results 

from the scattering of l ight by suspended particles and dissolved organic matter in the water column 

(Wetzel and Likens 1 99 1 ) . Color is measured in Standard Platinum Units (SPU). High levels of 

color in a water body can reduce the clarity of the water, resulting in lower the transparency readings 

(Pearsall 1 993) .  Lakes are considered uncolored if the color measurement is  30 SPU or less (MDEP 

2000) . 

Methods 

CEAT collected water samples at Characterization Sites 1 ,  2, 3 ,  and 8 on 1 2-Sep-0 1 on Lake 

George and at Characterizati on Site 8 on 1 7-Sep-0 1 on Oaks Pond. Appropriately sized and labeled 

bottles were fi l led with water and placed in a cooler unti l they were analyzed. Samples were filtered 

and analyzed for true color at room temperature using a HACH™ 4000 DR Spectrophotometer 

within 24 hours of sample collection (HACH 1 997). 

Results and Discussion 

True color values for Lake George ranged from 14 SPU to 29 SPU, with a mean value of 

23±3 SPU (n=5) .  The Oaks Pond true color was 2 1  SPU (n= l )  at Characterization Site 8 .  

Lake George and Oaks Pond are both considered uncolored lakes because the mean values 

for both lakes are less than 30 SPU. MDEP historical data also classify both lakes as uncolored 

(MDEP 2000). Lake George has a historical mean color value of 1 6  SPU, and Oaks Pond has an 

average color reading of 1 8  SPU (Appendix E; MDEP PEARL 200 1 ) .  The mean color values for 

Lake George and Oaks Pond are higher than for other area lakes.  These higher values might be 

attributed to the wetlands in the area contributing organic acids to the tributaries flowing into the 

lakes (Table 2,  Appendix D).  

Wetland areas may add high levels of color to adjacent lakes due to the higher concentrations 

of organic material in the water (Bronmark and Hansson 1 998) .  If this  highly colored water flows 

into the lake from the tributaries, some areas near these inlets can be expected to have elevated color 

levels .  The overall color levels in both lakes, however, indicate that light penetration is  not currently 

being affected. 

Chemical Analyses 

The pH of a body of water is a measure of the free hydrogen ion concentration and deter­

mines whether a lake i s  acidic or basic (Boyd 2000). The pH scale ranges from 0 to 14  with values 

less than 7 indicating acidic conditions and greater than 7 indicating basic conditions.  Aquatic 

organisms are sensitive to changes in pH, which t"esults in a distribution of species along an acidi ty 
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gradient (Pearsall 1 993) .  The pH range for most Maine lakes i s  6 . 1 to 6 . 8 .  Lakes can become acidic 

as a result of acid precipitation or naturally  occurring organic acids, which can cause stressful condi­

tions for aquatic organisms (Pearsall 1 993) .  

Methods 

CEAT measured the pH at Characterization Sites 1 ,  2 ,  3 ,  and 8 on 1 2-Sep-O l .  Samples were 

al so taken at Spot Sites 4, 5 ,  8 ,  9, 1 0, 1 2, and 1 3  on 1 2-Sep-0 1 on Lake George. On Oaks Pond 

samples were taken at Characterization Site 8 and at Spot Sites 2, 3, 5, and 7 on l 7-Sep-0 1 .  The pH 

was measured in the field using a HORIBA TM Twin pH meter. Historical data were obtained from 

MDEP for the years 1 985 ,  1 987 , and 1 988 to 1 995 for Lake George and for the year 1 987 for Oaks 

Pond (MDEP 2000) . 

Results and Discussion 

The pH values for Lake George ranged from 6 .54 to 7 .37,  with a mean value of 7 . 1 4±0. 1 0  

(n= lO) (Table 3 ,  Appendix F).  MDEP historical pH data ranged from 6 .24 to 7 .30 for the years 1 985  

and 1 987 to  1 995,  with a mean value of  6 .78 (Appendix E; MDEP 2000). The pH values for Oaks 

Pond ranged from 6.62 to 7 . 33 ,  with a mean value of 7 .06±0. 1 2  (n=5) .  MDEP measured a pH of 

7 . 1 0  on Oaks Pond in 1 987 (Appendix E; MDEP 2000). 

. Lake George and Oaks Pond have mean pH values close to neutral (pH=7) .  The pH range of -

most natural waters is  6.0 to 8 . 5  (Chapman 1 996) . The mean pH values of Lake George and Oaks 

Pond are similar to other lakes in the region (Table 3). The pH of Lake George, collected by CEAT, 

is higher than the mean calculated by the MDEP for the historical data. The value falls within the 

range of pH values col lected by the MDEP, suggesting that the pH is relatively stable . The mean pH 

value calculated by CEAT for Oaks Pond is simi lar to the historical data reported by the MDEP. 

Hardness 

Hardness is defined as the concentration of magnesium (Mg+2) and calcium (Ca+2) ions 

present in water (Chapman 1 996) . Hardness ari ses from the dissolution of minerals ,  primari ly 

calcium and magnesi um carbonate, in the water column. Measurements of hardness are expressed in 

mg/L calcium carbonate (CaC03),  al though total hardness may not be due solely to calcium carbon­

ate (NREPC 200 l a).  The USGS provides a classification system for the hardness levels of water: 

measurements between 0 mg/L and 60 mg/L are classified as soft waters, 60 mg/L to 1 20 mg/L are 

moderate ly  hard, 1 20 mg/L to 1 80 mg/L hard, and greater than 1 80 mg/L are classified as very hard 

water (USGS 200 1 ) . In a biological context, higher hardness values limit the algal productivity of a 

lake becau e high concentrations of calcium can increase phosphorus sedimentation (Mairs 1 966). 

Method 

S mples ere collected to test for hardness on 1 2-Sep-O l at Characterization Sites 1 ,  2, 3 ,  

and 8 on Lake George and col lected on 1 7-Sep-O l at Characterization Site 8 on Oaks Pond. Water 

Biology 493: Lake G or and Oaks Pond Page 70 



� 
s· 

� 
� 
� 
� � 
C') � 
� � 

;:. 

� 
a 
� 
� $::1.. 

� 
'l 
� 

Table 3. Comparison of mean (± SE) lake water quality chemical tests at sites in selected area lakes. Data for 
Lake George and for Oaks Pond collected by CEA T on 12-Sep-0 1 and on l 7-Sep-0 1,  respectively. Data for 
other area lakes collected by CEA T from 1994-2001 (Bl493 1994-2001). 

pH Hardness Nitrates Alkalinity 
Lake (mg/I) (ppm) (ppm) 
Lake George 7 . 14±0. 10  (n= l O) 4. 1 7±0.03 (n=8) 0.06±0.0 1 (n= l 2) 8 .7± 1 .0 (n=4) 
Oaks Pond 7 .06±0. 1 2  (n=5) 3 .76±0.09 (n=3) 0.06±0.0 1 (n=5) 3 .7  (n= l )  
Lake Wesserunsett 7 .28±0.06 (n= l4) 3 .24±0.03 (n=4) 0.04±0.004 (n= 1 2) 1 3 .7±0..4 (n=2) 
Great Pond 6.98±0.09 (n= lO) 3 .00±0.03 (n=2) a 8 .7±0.3 (n=6) 
Messalonskee Lake 6.92±0. 1 7  (n=9) 14.9 1±0.26 (n=6) 0. 1 0±0.00 (n=3) 16 .2± 1 .8  (n=6) 
North Pond 6.99±0.09 (n=4) 10. 1 1±0.40 (n=6) 0.05±0.0 1 (n=9) 1 2.4±0.2 (n=8) 
Long Pond 

North Basin 6.85±0.2 1  (n=4) 1 2.40±0.22 (n=8) 0.03±0.002 (n= 1 3) 9 
South Basin 6.59±0. 1 1  (n= 1 2) 3 .42±0.2 1 (n=9) 0.04±0.003 (n=5) 8 .6±0.3 (n=7) 

Salmon Lake 7.78±0. 1 3  (n=4) 25.90±0.74 (n=4) 0.00±0.0 1 (n= 1 3) 

a Below the l imi t  of detection 



was sampled from the surf ace at Lake George, and the water for hardness analysis from Oaks Pond 

was obtained from epicore samples .  Water samples were acidified to a pH of 2 with concentrated 

nitric acid  immediately after collection and then stored at 4 ° C prior to testing.  Before analysis of 

the samples in the CEAL, pH was adj usted to a level between 3 and 8 with 5 .0 N sodium hydroxide 

(NaOH) . The samples were then analyzed using the calmagite colorimetric method and a HACH™ 

DR/4000 spectrophotometer (HACH 1 997).  

Results and Discussion 

The mean (± SE) hardness for Lake George was 4. 1 7  ± 0.03 mg/L CaC03 (n = 8) ,  compared 

to 3 .78 ± 0. 10  mg/L CaC03 (n = 3) in Oaks Pond (Table 3 ,  Appendix F).  The Lake George value 

was significantly higher than that of Oaks Pond (unpaired t-test, df = 9,  p=0.0007) .  However, these 

results may not be directly comparable because of the difference in sampling techniques used in each 

lake . The data indicate that both Lake George and Oaks Pond should be c lassified as soft water 

lakes by USGS standards . 

Soft water lakes are typical of central Maine, as indicated by the results of past studies 

(Bl493 1 994 - 200 1 ) . A study on Lake Wesserunsett water quali ty reported a simi lar mean hardness 

value of 3 .24 ± 0.03 mg/L (Table 3 ;  B I493 200 1 ) . Research in  the Belgrade Lakes area conducted 

by CEAT reported mean hardness values ranging from 3 .00 ± 0.03 mg/L for Great Pond to 25 .38  ± 

0.77 mg/L for Salmon Lake (Table 3 ;  B I493 1 994 and 1 999). These low hardness values indicate 

that the bedrock of thi s area of Maine contains low levels of calcium carbonate or is highly resistant 

to weathering. High hardness values also have beneficial implic�tions for the aquatic l ife such as 

mitigating the effects of heavy metals entering the ecosystem. The calcium and magnesium ions 

complex with metals in the water, converting them to a form unable to be taken up by aquatic organ­

isms (NREPC 200 l a) .  If heavy metals were added to Lake George or Oaks Pond by a pollution 

source, there would be little complexing protection offered to aquatic organisms. In addition to 

complexing with metals,  hardness has been associated with higher fi sh productivity levels (Mairs 

1 966). The data for Lake George and Oaks Pond may suggest that these lakes are not optimal 

fi sheries because the low hardness of the waters may limit fish productivity. 

Alkalinity 

Al kalinity is commonly referred to as the acid neutralizing capacity of a lake because it  

reflects the abi lity of lake water to buffer the effects of strong acids (Wetzel and Likens 1 99 1 ) . It  is  a 

measure of the concentration of carbonate, bicarbonate, hydroxide, and other basic ions in water 

Chapman 1 996). These anions act as a buffer by neutralizing excess hydrogen ions and preventing 

dra tic changes in pH (Maitland 1 990) . A high alkal inity lake is better able to neutralize a sudden 

increa e in acid and maintain constant pH levels than on� with a lower aJklainity level .  A decline in 

al kalinity erves as an indicator of acid deposition to a lake before adverse effects on aquatic life are 

ob erv ble becau e a  drop in al kal inity will occur before a decrease in pH of the lake. 

Biology 493: Lake G or e and Oa Pond Page 72 



Methods 
Epicore samples were obtained from Characterization Sites 1 ,  2, 3 ,  and 8 at Lake George on 

1 2-Sep-0 1 and from Oaks Pond Characterization Site 8 on l 7-Sep-0 1 .  The samples were stored at 
4° C and analyzed within 24 hours of collection . Each sample was titrated using the potentiometric 
titration method with 0.02 N sulfuric acid (�SO 4) and then entered into a formula to determine the 
con�entration of calcium carbonate (CaC03) in parts per mil lion (ppm) (Clesceri , Greenberg, and 
Trussell 1 989) .  

Results and Discussion 

The mean (± SE) alkalinity of the characterization sites on Lake George was 8 .73 ± 0.97 ppm 
(Table 3 ,  Appendix F), compared to a historical mean of 10.9 ppm reported by MDEP (Appendix E; 
MDEP 2000).  The value obtained by CEAT is similar to the historical data, which suggests that 
there has been no recent influx of hydrogen ions to Lake George and the buffering capacity is  fairly 
stable. The alkalinity value obtained from Characterization Site 8 on Oaks Pond was 3 .73 ppm 
(Appendix F) , compared to a historical mean of 12.5  ppm reported by MDEP (Appendix E) . The 
difference in these values may suggest that acidic deposition to the lake has lowered the buffering 
capacity of Oaks Pond. The low value obtained by CEAT may also have resulted from sampling 
error, especially considering only one sample was collected at Oaks Pond for analysis of alkalinity. 

These data suggest that Oaks Pond has a lower buffering capacity than Lake George. Surface 
waters with alkalinity values less than 24 ppm CaC03 are considered to have low alkalinity values 
and are more susceptible to changes in pH from acidic additions (Chapman 1996) . Recent research 
indicates that, similar to hardness, alkalinity values are low for this  region of Maine (BI493 1994 -
200 1 ) . Studies of the Belgrade Lakes report mean alkalinity values from 9 ± 0.03 ppm in Long Pond 
to 1 8  ± 1 .0 ppm in Messalonskee Lake (Table 3) .  Alkal inity values are l argely derived from CaC03 
concentrations in the water; softer waters tend to have lower alkalinity values (NREPC 200 lb) .  The 
low alkalinity values for Lake George and Oaks Pond are consistent with their ratings as soft lakes . 
The majority of lakes in Maine (67 percent) have low alkalinity values of less than 10  ppm (Norton 
et al . 1 989) .  The low historical values for Lake George and Oaks Pond may not be indicative of 
acidic deposition into the lakes and are more likely to represent the natural condition of low carbon­
ate levels present in Maine. These lakes may not yet be affected by acidic deposition as indicated by 
their neutral pH levels,  however, they may be considered highly susceptible to any input of hydrogen 
ions. 

Nitrates 
Nitrogen is an important nutrient for life because it is a major constituent of proteins (Boyd 

2000, Smith and Smith 200 1 ) . Nitrates are rarely found in concentrations above 1 ppm, and levels 
above 5 ppm are considered to be indicative of pollution by human or animal waste (Chapman 
1 996). Nitrates are not the sole determinants of a eutrophic lake because they tend to be the more 
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l imi ting nutrient in marine environments (Carpenter et al . 1 998), whereas phosphorus i s  usually the 
primary l imi ting nutrient of freshwater systems (Boyd 2000) . 

Methods 

Epicore samples were obtained at Characterization Sites 1 ,  2 ,  3 ,  and 8 ,  and surface grabs 
were collected at Spot Sites 4, 5 ,  and 1 1  on Lake George. On Oaks Pond, an epicore and surface 
sample were taken at Characterization Site 8 ,  and only  surface grabs were taken at Spot Sites 2, 3 ,  
and 7 and Tributary Sites 4 and 6 .  Samples were acidified in the field to a pH less than 2 with 
concentrated sulfuric acid {H2SO 4) and stored at 4 ° C following collection . The samples were 
analyzed within 48 hours by the low nitrate cadmium reduction method utilizing a HACH™ DR/ 
4000 spectrophotometer (HACH 1 997). 

Results and Discussion 

The mean (± SE) nitrate level for Lake George was 0.06 ± 0.0 1 ppm (n = 1 2) .  Spot Site 5 ,  
located 5 0  ft offshore from houses on the west side of Lake George, had a nitrate reading o f  0. 1 2  
ppm, twice that of the mean value, which may suggest that slightly higher levels of nitrates are 
leaching into the lake from thi s  area of shore (Appendix G) . The mean (± SE) level for surface 
samples on Oaks Pond was 0.06 ± 0.0 1 ppm (n = 5) .  An epicore sample from Characterization Site 8 
produced a simi lar value of 0.05 ppm (Appendix G). The nitrate values for all of the other sites on 
both lakes ranged from 0.04 to 0 .08 ppm. Although these nitrate values are sl ightly higher than the 
mean values of other lakes in Central Maine, all of the values obtained from these l akes,  including 
Lake George Spot Site 5, are well within the l imits of a natural system and do not suggest pol lution 
from human or livestock sources (Table 3 ;  Chapman 1 996). 

Total Phosphorus 
Phosphorus is necessary to al l forms of life because it is a major element in DNA and in ATP, 

the energy source of cel ls  (Bronmark and Hansson 1998) .  Phosphorus is  also the primary limiting 
nutrient of aquatic plants in freshwater systems (Bronmark and Hansson 1 998) .  Macrophytes and 
phytoplankton are efficient at extracting large quantities of phosphorus from water con_taining 
minute concentrations (Maitland 1990) . Consequently, phosphorus concentrations in surface waters 
are general ly  low, with typical ly ten percent or less of total phosphorus concentrations in a form 
readi ly usable by plants (Maitland 1990, Boyd 2000). Most unpol luted lakes range in total phospho­
rus leve ls from 10 to 30 ppb (Reid 1 96 1  ) . The critical phosphorus level used by MDEP to indicate 

ater with the imminent potential of algal blooms is between 12 and 1 5  ppb (See Introduction : 
Pho phorus and itrates). 

Method 

Sample ere obtained on 12-Sep-0 1 from 12 sites on Lake George including the outlet site .  
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Characterization Sites 1 through 3 were also sampled on 19-Jul-0 1 ,  07-Aug-01 ,  and 28-Aug-Ol .  
Samples were collected on 1 7-Sep-01 from five sites on Oaks Pond, two tributaries, and the outlet 
site .  At the characterization sites for both lakes, samples were obtained by surf ace,  mid-depth, and 
bottom grabs as well as by epicore; the spot and tributary sites samples were collected only by 
surf ace grabs. 

The water samples were chilled on ice unti l they were brought to the Colby Environmental 
Analysis Laboratory (CEAL) where they were stored at 4 ° C. All samples were separated into two 
containers, each containing 50 ml. The second containers were implemented as a safety precaution 
against possible errors in the testing. Duplicates and splits were made for ten percent of all samples 
to ensure accuracy. Standards of known phosphorus concentrations ranging from 0 to 50 ppb were 
used to calibrate the spectrophotometer and test analytical accuracy. Within 24 hours after collec­
tion, the 50-ml samples and standards were digested by the addition of 1 .0 ml of 1 1  N sulfuric acid 
and 1 .0 ml 1 .75 N ammonium peroxydisulfate and placed in an autoclave at 15 pounds per square 
inch at 1 20° C for 30 minutes. This digestion process both sterilized the samples and converted the 
particulate organic phosphorus into the dissolved form. 

Digested samples were stored in refrigeration unti l analysis .  Immediately prior to analysis ,  
the pH of the samples was raised to approximately 8 .2 by titrating with 11 N NaOH. The sample 
was treated with 8 ml of combined reagent composed of 5 .0 N sulfuric acid, potassium antimony I 
tartrate, ammonium molybdate, and ascorbic acid. After a reaction time of ten minutes, the concen­
tration of phosphorus was measured using a HACH™ DR/4000 spectrophotometer. The methods 
for total phosphorus analysis that we employed were outlined by Eaton, Clesceri , and Greenberg 
( 1 995) ,  with modification by G. Hunt and C. Elvin of the MDEP. 

Results and Discussion 

Characterization Site History 
The MDEP began monitoring phosphorus concentrations near our Characterization Site 1 ,  

the deepest location on Lake George, in August of 1 985 and monitored the concentration throughout 
the summer (mid-June to mid-August) and early fall (late August to mid-October) with epicore and 
bottom samples until 1 996 (MDEP PEARL 200 1 ). Data from 1 996 to 2000 were not collected 
(MDEP PEARL 200 1 ) . The mean value from epicore samples in the summer and fall from 1 987 to 
1 990 was approximately 8 ppb. The levels of phosphorus in summer and fall decreased between 
1 990 and 1 993 . From 1 994 to 1 996, the mean total phosphorus levels increased, with a summer 
mean of approximately 9 ppb and a mean slightly below 8 ppb for the fall concentrations (Figure 
22) . The occurrence of higher mean values in the summer months may be indicative of populations 
of phytoplankton and zooplankton present in the upper section of the water column in the summer. 
The lower mean concentrations in the early fall measurements likely reflect the death of some 
phytoplankton and zooplankton, which then sank to the sediments on the lake bottom. The lower 
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concentrations also suggest that sampling occurred prior to turnover, which could elevate phospho­
rus levels in surf ace waters (Reid 1 96 1  ). All of these values are well below the threshold level for 
algal blooms ( 1 2  to 1 5  ppb), and the consistency of the values suggests that Lake George has not 
suffered from algal blooms in the past (See Introduction: Phosphorus and Nitrates) . 
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Figure 22. Mean (± SE) total phosphorus concentrations for Lake George 

determined from summer and fal l  epicore samples taken near Characterization Site 1 

over a 9-year period from 1987 to 1996 (MDEP PEARL 2001). See Lake George site 

map for location of Characterization Site 1 (Figure 15). 

The MDEP has monitored total phosphorus levels in  Oaks Pond three times :  in 1 977,  1 987,  
and 1 998 .  The samples from 1987 and 1998 were col lected in  late August, whereas the bottom 
sample from 1 977 was obtained in  mid-May (MDEP PEARL 200 1 ) . The phosphorus levels of 
epicore samples from 1987 and 1998 were 8 and 9 ppb, respectively  (Figure 23),  and these levels 
have remained relati vely constant over a ten-year period. However, the bottom grabs of these two 
year are tri kingly different, increasing by 50 percent with in a decade (Figure 23).  In addition to 
the di screpancy between these two bottom values, there was also an i ncrease from 6 to 12 ppb in  
pho phoru of  bottom samples taken between 1977 and 1987 . These data may suggest that anoxic 
c ndi t ion in the hypol imnion init iated phosphorus release from the sediment, resulting in a con­
ti nual increa e in  pho phorus in bottom samples. The measurement from 1 977 was taken in May, 
whi h m y be another cau e for the difference in values between the bottom sample from thi s  period 
and the ther t o bottom mple . Thi sample was l ikely col lected shortly after spring overturn, 
deer ing relati e pho phoru level in  the hypol imnion and equal izing concentrations throughout 
the ater c lumn . The trend of o ygen depletion corresponding to the increasi ng phosphorus sug-
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Figure 23. Total phosphorus 

concentration reported by MDEP for 

Oaks Pond sampled near CEA T 

Characterization Site 8 for selected 

years from 1977 to 1998 (MDEP 

PEARL 2001). Samples were taken as 

an epicore and at the bottom. See Oaks 

Pond site map for location of 

Characterization Site 8 (Figure 16). 

gests that phosphorus is  being released from 
the sediment, increasing the potential for 
internal recycling when water i s  disturbed. 
The water with high concentrations of dis­
solved nutrients then rises to the surface, 
making the nutrients available to phytoplank­
ton . If the increase in phosphorus levels 
continues in Oaks Pond and the possible 
internal recycling persists, an algal bloom 
could occur in a few years . Because phospho­
rus levels are characterized by fluctuations 
overtime and the historical data are rather 
sparse, more frequent investigations of phos­
phorus levels should be conducted on Oaks 
Pond to conclude if the overall concentrations 
exhibit an increasing trend (Lampert and 
Sommer 1997). 

Characterization Sites- Summer 
The summer sampling was performed 

only on Lake George on 1 9-Jul-0 1 and 7-Aug-
0 1  at Characterization Sites 1 ,  2, and 3 .  Sur­
face, mid-depth, and bottom samples were 
taken at all three sites, and epicore samples 
were taken at Characterization Site 1 (Appen­
dix H). The data indicate a stratification of 
phosphate, with lower values at the surface 
than at the bottom at Characterization Site 1 

(Figure 24 ) .  The similarity of phosphorus concentrations throughout the water column at Character­
ization Sites 2 and 3 suggest that circulation of the water column in these more shallow areas of the 
lake resulted in the uniform values ,  although the values were slightly higher at the bottom (Figure 
24 ). The mean (± SE) of the surface and epicore samples of Characterization Sites 1 ,  2, and 3 was 
8 .7  ± 1 . 1  ppb; (n = 1 3) .  The mean (± SE) of the bottom samples of Characterization Sites 1 ,  2, and 3 
was 1 2.9 ± 1 .4 ppb (n= 1 3) and was significantly higher than the surface samples (unpaired t-test, df 
= 24, p=0.03) .  This surface value i s  below the critical phosphorus limit of 1 2  to 1 5  ppb (See Intro­
duction : Phosphorus and Nitrates), which suggests that Lake George is unlikely to have algal blooms 
in the summer months in the near future . 
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Figure 24. Mean total phosphorus concentration for summer samples collected at 

Characterization Sites 1,  2, and 3 on Lake George. Samples were collected at the 

surface, mid-depth, and bottom on 19-Jul-01 and 7-Aug-01.  Epicore samples were 

also obtained at Characterization Site 1 on 7-Aug-01.  See Lake George site map for 

site locations (Figure 15). 

Characterization Sites- Fal l  
The mean (± SE) total phosphorus level from the surface and epicore samples of Lake 

George at Characterization Si tes 1 through 3 on 28-Aug-0 1 and Characterization Sites 1 ,  2, 3 ,  and 8 
on 1 2-Sep-0 1 was 9.0 ± 0 .7 ppb (n = 2 1 ;  Appendix I) .  These data correspond with the summer data 
from the characterization sites of thi s lake. The mean (± SE) for the bottom samples at the character­
ization sites was 1 1 . 3 ± 1 .0 ppb (n = 9), slightly lower than the summer bottom sample mean ( 1 2 .9 
ppb) . The difference between the surface and epicore samples and bottom samples was insignificant 
but did show a trend (unpaired t-test, df = 28,  p=0.07), suggesting that stratification occurred but was 
not as pronounced as i t  had been in the summer. With the exception of Characterization Site 2,  
phosphate was strati fied in the water column, with lower concentrations of phosphorus measured at 
the surf ace and higher concentrations measured in the hypolimnion (Figure 25) .  Characterization 
Site 3 showed a greater degree of stratification compared to the summer data during this sampling 
period. The unexpected higher leve l of stratification in the fal l  may have resulted from decreased 
turbulence because of lower leve ls  of boat traffic and swimming with the onset of fal l .  

The ample data from the Oaks Pond Characterization Site 8 indicate that stratification of 
pho phoru occurred with lowest concentrations at the surface and the h ighest concentrations at the 
bottom Figure 26 Appendix J) .  The mean phosphorus concentration for the surface and epicore 
ampl from the Oak Pond characterization site was 8 .7  ± 2.2 ppb (n = 3) .  The concentration of 

the ottom ample from Characteriz tion Site 8 was of 40.5 ppb (Appendix J ) .  This measurement i s  
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substantially higher than either the mid-depth (6 .8  ppb) or epicore ( 1 1 .0 ppb) samples and may 
correspond with historical data in suggesting phosphorus recycling from the sediment due to oxygen 
depletion in the hypolimnion (Bronmark and Hansson 1 998). Another explanation for the high value 
from this sample may be contamination from sediment obtained during sampling, although none was 
visible in the sample at the time of collection. 

Surface Mid-depth � Bottom 001 Epic ore 

� 16  
..c 
8: 14 

--

� 1 2  
..... 
_g 10  
c.. 
t'-l 8 0 

..c 
� 6 ] 
0 4 � 
c 
cu 2 QJ 

� 0 
1 2 3 8 

Sample Sites 

Figure 25. Mean total phosphorus concentration for- fall samples collected at the four 

characterization sites on Lake George. Samples were collected at the surface, mid­

depth, bottom or as an epicore on 28-Aug-01 and 12-Sep-01 by CEAT. See Lake 

George site map for site locations (Figure 15). 

Spot Sites 
The spot sites for Lake George were sampled on 1 2-Sep-O l .  The mean total phosphorus 

concentration for Spot Sites 4, 5 ,  9, 10, 12, and 1 3  was 1 1 .2 ± 1 .6 ppb (n = 8) .  Most of the spot sites 
showed similar concentrations of phosphorus to the surface samples from the characterization sites 
col lected on the same day. Two exceptions were Site 5, which was slightly higher at 1 1 .7 ppb, and 
Site 1 2  with a value of 1 7 .3 ppb (Figure 27, Appendix I) .  Both of these sites were located 50 ft 
offshore from shoreline houses . These high values could indicate that waves in these shal low areas 
stirred up sediments or that low level phosphorus loading is occurring from these locations .  Site 1 2  
i s  also located near the east beach and was highly populated by aquatic plants at the time of sam­
pling. Increased disturbance of sediment in this area or increased phosphorus release from decaying 
matter may also contribute to the higher phosphorus concentration. 
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Figure 26. Mean total phosphorus concentrations for Oaks Pond characterization and 

spot sites sampled on 17-Sep-01 by CEAT. Samples were taken at the surface, mid­

depth, bottom and as an epicore. See Oaks Pond site map for site locations (Figure 16). 
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Figure 27. Mean total phosphorus concentration for six spot sites on Lake George. 
am pies were collected as surface samples on 12-Sep-01 by CEA T. See Lake George 

it map for ite location (Figure 15). 
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Spot sites on Oaks Pond were sampled on 17-Sep-O 1 .  The mean total phosphorus level · for 
Spot Sites 2, 3 ,  5 ,  and 7 was 1 1 .3 ± 2.2 ppb (n = 8) .  These values are all higher than the surf ace 
mean from Site 8 on the same date (Figure 26). Spot Site 7 was exceptionally higher with a mean 
value of approximately 20. 8  ppb (Appendix J). This value is approximately double that of the mean 
for the other spot sites and suggests a high degree of phosphorus loading in this area. Another 
explanation for this value is possible contamination during sampling. 

Heavy Metals 
Elevated levels of heavy metals in natural waters can have detrimental effects on aquatic l ife. 

Both natural and anthropogenic sources may contribute heavy metals to surface waters (NCSU 
200 1 ) . Some possible adverse, non-lethal effects of heavy metals to aquatic organisms may include 
changes in enzymatic activity and blood chemistry, suppression of growth and development, and 
alterations in reproductive abi lities (NCSU 200 1 ) . Carcinogenic action and toxicity of metals are 
primary health risks for humans when water containing heavy metals is  used as a drinking water 
source. Bioaccumulation of heavy metals in fish occurs with mercury and is an additional consider­
ation for possible negative effects because the metals can be transmitted to those who ingest the fish 
(Lerman 1 978) .  Concerns that naturally occurring high arsenic levels in water from a LGRP well 
overflowing into Lake George were possibly contaminating the lake prompted CEAT to test for 
arsenic at Site 9 .  Concerns for improper chemical storage such as paints or pesticides in several 
abandoned garages along the east access road of Lake George Regional Park caused CEAT to test for 
lead, chromium, and arsenic at Spot Site 12  on Lake George. High arsenic levels have been found in 
well water of residences along the East Ridge Rd. , west of Lake George (Reid, pers . comm.) .  

Methods 

A surface sample was obtained for analysis for arsenic Spot Site 9 on Lake George on l 7-
Sep-0 1 .  Surface samples were col lected from Spot Site 12 on Lake George on 1 7-Sep-Ol and tested 
for the presence of arsenic, chromium, and lead. Analysis for the heavy metals was conducted by 
Northeast Laboratory Services in Winslow. Inductively coupled plasma-atomic emission spect.ros­
copy was used to quantify the concentrations of these metals .  

Results and Discussion 

Northeast Laboratory Services found no arsenic, chromium, or lead present above the detec-
tion limit of 0.0 1 mg/L in their analysis of samples from Spot Site 1 2. However, arsenic was present 
in the sample water at Spot Site 9 at a concentration of 0.02 mg/L. This  level of arsenic is below the 
current EPA maximum levels for drinking water of 0.05 mg/L (DWP 200 1 ) ;  however, these levels 
are under revision due to recent studies on arsenic 's role as a carcinogen (NRC 1999). The maxi­
mum arsenic concentration recently recommended by the EPA for drinking water is 0.005 mg/L, and 
thi s  level is under consideration as a new legislative standard (DWP 2001 ). The Spot Site 9 arsenic 
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concentration i s  four times higher than this  newly recommended standard, indicating it should not be 
used for a drinking water source. Arsenic in the lake does not appear to pose a great threat to human 
health standards because i t  has not been demonstrated that arsenic bioaccumulates in the tissues of 
fish and the concentration of arsenic is diluted upon entry to the lake (NCSU 2001 ) .  

Volati le Organics 
Volatile organic compounds are components of petroleum products, paints, and solvents 

(ATSDR 200 1 ) .  These types of chemicals were included in a broad list of potentially toxic chemi­
cal s  to both humans and other organisms by Boyd (2000) . The potential entry of these chemicals 
into surface waters is  an issue of concern because of their potential harmful effects on aquatic organ­
i sms and human health . Volatile organic compounds can be introduced to the water via boat traffic 
or improper chemical storage. CEAT tested for volatile organic compounds at Spot Site 1 2  on Lake 
George because of a concern for improper chemical disposal and poor maintenance of apparently 
abandoned garages in the shoreline camps neighboring the site . 

Methods 

A surf ace sample was collected from Spot Site 1 2  on 1 7-Sep-O 1 by CEAT and was analyzed 
for the presence of a broad spectrum of volatile organic compounds by Northeast Laboratory Ser­
vices in Winslow (Appendix K). The analysis fol lowed the procedures outlined in EPA-approved 
method 8260B . 

Results and Discussion 

The analysis by Northeast Laboratory Services for volatile organic compounds yielded no 
detectable evidence of organic compounds in the water. · However, these results do not imply that no 
gasoline is entering the water. Detectable levels of volati le organic compounds in the water column 
would have to have been emitted just prior to sampling because these chemicals do not remain in the 
environment for long periods of time (Parker, pers. comm.) .  This analysis suggests that no pro­
longed seepage of volati le organic compounds from shore point sources is occurring near Spot Site 
1 2  at Lake George. However, pol lution from outboard motors of boats is likely to occur on some 
level due to boat traffic on the lake. The sampling by CEAT is not indicative of the potential effects 
of motorboats on the levels of organic compounds in the water because only one sample was taken at 
a time of the year with low boat traffic .  

Biotic Measurements 

Two common biotic measurements used to assess lake water qual ity are coliform bacteria and 
chlorophyl l  a. Coliform bacteria are indicators of possible fecal pol lution from faulty septic sys-
tem . Ch lorophyll  a is an indirect measure of the photosynthetic activity in a lake. 
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Coliform 
Coliform bacteria are facultative anaerobic bacteria, meaning that they are able to survive 

and reproduce if oxygen is not present but will grow more readi ly  if oxygen is abundant (Prescott, 
Harley, and Klein 2002). These bacteria can be found in solids, plant matter, and most importantly, 
in the intestinal tract of organisms (Fekete, pers . comm.) .  Total coliform and Escherichia coli testing 
are necessary if a source of water is to be used as a drinking water supply, because these bacteria are 
naturally occurring in the environment from wild animals and decaying organic matter (Fekete , pers . 
comm.) .  Total coliform bacteria could also be present in beach areas as a result of people swimming 
in the area. E. coli is the primary indicator of fecal contamination and can cause severe i llness or 
death if ingested. Fecal coliform testing is important in determining the levels of possible disease 
causing agents in the water due to fecal contamination . 

Methods 

CEAT collected water samples to be tested for coliform bacteria in steri le bottles provided by 
Northeast Laboratory Services.  Water samples were collected at Spot Sites 4, 5 ,  and 1 1  on 12-Sep-
0 1  on Lake George and at Spot Sites 2, 3, 5, and 7 on 17-Sep-0 1 on Oaks Pond. Spot Sites 4 and 1 1  
on Lake George were sampled to test the function of the park septic systems. Spot Site 5 on Lake 
George was sampled near a cluster of old camps as an indicator of possibly malfunctioning septic 
systems. The spot sites on Oaks Pond were sampled as indicators for possible problems with septic 
systems on the shoreline properties. The samples were refrigerated after collection unti l they were 
taken to Northeast Laboratory Services the fol lowing morning for analysis .  The method used to 
analyze the samples was EPA 600-R-00-0 1 3 .  

Results and Discussion 

Total coliform bacteria were present at all three sites on Lake George, which is common due 
to fecal matter from wild animals (Figure 28). Total coliform levels were highest at Spot Site 4 of 
the sites sampled on Lake George. This site was located off the west beach of the park. Further 
testing is recommended during peak use of the park to monitor the level of total coliform at Spot Site 
4 .  The higher levels of total coliform bacteria in the area could be due to the presence of fecal matter 
from wild animals .  E. coli was not found at any of the sites on Lake George. 

Total coliform bacteria and E. coli were found at all four spot sites on Oaks Pond (Figure 29) . 
The higher levels of total coliform and the presence of E. coli on Oaks Pond may suggest that septic 
systems near the areas of testing could be malfunctioning. However, further testing is necessary 
because the contamination could also be the result of fecal matter from wild animals .  

The levels of total coliform bacteria and E. coli in both Lake George and Oaks Pond indicate 
that neither body of water is safe for drinking without treatment. The source of bacteria at the spot 
sites is  difficult to determine because sampling only occurred once at each spot site. The presence of 
E. coli indicates recent fecal contamination in the area, but the source is hard to determine (Fekete, 
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pers . comm.) .  The presence of these bacteria is 

not direct! y harmful to lake users at these levels 

as long as the water is not used for drinking. 
Further testing is  recommended to monitor the 

total coliform and E. coli levels at each of the 
sites .  This testing should occur during periods 
of peak use for each of the lakes.  

Chlorophyll 
Chlorophyll i s  a green pigment present 

in the majority of photosynthetic organisms in 
the forms chlorophyll a ,  b, and c (Chapman 
1 996) . Chlorophyll a indirectly measures algal 

Figure 28. Total coliform and E. coli biomass and helps determine the trophic state of 
readings for Lake George at Spot Sites 4, a lake because it is a relative measure of pri-
5, and 1 1  on 12-Sep-01 .  Spot Sites 4 and 

11  were sampled to test for possible septic 

system problems with the park facilities. 

Spot Site 5 was sampled off shore from 

camps as a spot site for possible septic 

system problems. See Lake George site 

map for site locations (Figure 15). 

mary productivity. The amount of chlorophyll 
a in  a lake increases with higher primary 
producti vi ty and the progression of eutrophica­
tion. The best time of year to measure chloro­
phyll a concentration i s  during the summer 
months at the peak of the growing season when 
the algal concentration is highest (Chapman 
1 996) .  

Methods 

CEAT did not measure chlorophyll a 

concentration for Lake George or Oaks Pond 
becau e ch lorophyl l  a levels  are more effec­
t ively tudied in the summer months when 
peak in lgal production re ult in higher levels 
of ch lorophyl l a Chapman 1 996) .  During the 
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Figure 29. Total coliform and E. coli 
readings for Oaks Pond at Spot Sites 2, 

3, 5, and 7 sampled on 17-Sep-01. These 

sites were established as spot sites to test 

for possible septic system problems. 

Total coliform at Spot Site 5 is recorded 

as 200 on the graph, but the actual value 

is >200 CFU/100 ml. See Oaks Pond site 

map for site locations (Figure 16).  
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fall months, the concentrations of chlorophyll a are low and do not accurately represent the biologi­
cal activity within the lake during the most productive months.  Algal concentrations are low in the 
fall months because the summer algae die and settle to the bottom of the lake. CEAT obtained 
historical chlorophyll a data from the MDEP for the years 1987 to 1994 and 1996 for Lake George 
and 1 998 for Oaks Pond (MDEP 2000).  

Results and Discussion 

The mean chlorophyll a values for Lake George ranged from 2.7 ppb to 5 .0 ppb for the years 
1987 to 1994 and 1996 (Appendix E; MDEP 2000). The MDEP sampled the chlorophyll a level for 
Oaks Pond in 1998 and reported a value of 2.3 ppb (Appendix E; MDEP 2000). 

Oligotrophic lakes general ly have chlorophyll a levels of less than 2.5 ppb, and eutrophic 
lakes have chlorophyll a leve s ranging from 5 ppb to 140 ppb (Chapman 1996). The fairly low 
chlorophyll a level of Lake George classifies the lake as mesotrophic .  The data indicate that algal 
production Lake George is  low because al l but one of the mean values are below the chlorophyll a 

concentration for eutrophic lakes . The chlorophyll a concentration on Oaks Pond is similar to the 
concentration on Lake George. These data suggest that the potential for harmful algal blooms is low 
for both lakes . 

Tributary Water Quality 

Tributary Sites 

Lake George has two primary inlets and one outlet that eventual ly empties into Oaks Pond. 
The distance the stream travels between Lake George and Oaks Pond is approximately 1 277 meters . 
The tributaries at the northern end of Lake George were each chosen for sample sites because they 
drain the northern region of the watershed. CEAT planned to sample at Sites 6 and 7, but they were 
not sampled because no flow was detected (see Lake George site map for tributary site locations:  
Figure 1 5) .  CEAT sampled at the outlet of Lake George at Tributary Site 14 on 12-Sep-O l .  

Two tributaries carry water into Oaks Pond: the outlet of Lake George and Lambert Brook 
from Round Pond. CEAT sampled the tributary from Lake George at Tributary Site 1 ,  located 
approximately 50 ft from the entry point of the tributary into the lake to avoid any influence from the 
lake on the water in the tributary. Tributary Site 6 on Lambert Brook was not sampled because the 
tributary was stagnant. The outlet of Oaks Pond was also sampled on 17-Sep-O 1 at Tributary Site 4 
to assess the quality of the water flowing out of Oaks Pond (see Oaks Pond site map for tributary site 
locations :  Figure 16) .  

Tributaries are important in contributing nutrients to a lake, but this  input is  often episodic as 
a result of storm events (Boyd 2000). Increased flow from storms can contribute to phosphorus 
loading in a lake. Seasonal flows of water from snowmelt in the spring can also contribute high 
inputs of phosphorus and sediments . Phosphorus and other ions are often associated with sediments 
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that are stirred up by turbulence and deposited into the lake. 
Physical measurements made on the tributaries included flow rate, turbidity, conductivity, 

and color. Chemical tests performed included pH, nitrates ,  and total phosphorus (Appendix C). 
Water quality assessment of these sites is important because tributaries drain the surrounding water­
shed, reflecting the conditions and land use patterns of the watershed (Chapman 1 996) . 

Physical Measurements 

The methods used for tributary sampling and testing were the same methods used for lake 
sampling and testing (See Lake George and Oaks Pond Water Quality Assessment) . Adherence to 
Quality Assurance protocol ensured the accuracy of the sampling and testing performed (Appendix 
C). 

Flow measures the rate of water movement in a tributary or outlet. Flow can have a strong 
influence on water quali ty because it influences the amount of dissolved solids and possible pollut­
ants that are introduced into a lake from upstream areas (Chapman 1996) . The greater the flow in a 
tributary, the more turbulence is created and the greater chance that more particles and dissolved 
sol ids will be disturbed and t�ansported in the stream. 

Methods 

The flow rate of water was measured at Site 14 on 1 2-Sep-01 in the outlet of Lake George 
using the Flo-mate™ Flow Meter. Flow was not measured at Tributary Sites 6 and 7 leading into 
Lake George because there was not water. The flow rate of water was measured at Oaks Pond 
Tributary Sites 1 and 4 on l 7-Sep-0 1 .  Flow was not measured at Tributary Site 6 leading into Oaks 
Pond because the tributary was stagnant. 

Results and Discussion 

The flow rate at Tributary Site 14 in the outlet of Lake George was 0 .07 mis . The flow of 
water in the tributary leading into Oaks Pond from Lake George was 0 .06 mis at Tributary Site 1 ,  
and the rate was 0 .02 mis at Tributary Site 4 in the outlet of Oaks Pond (Table 4). 

One of the primary tributaries (Tributary Site 6) that leads into Lake George drains the 
northwest comer of the watershed, and a second primary tributary (Tributary Site 7) drains the 
northeast portion of the watershed. At the time of sampling, these tributaries were not flowing, but 
they have the potential to contribute considerable water to the lake when they are flowing. 

The tributary that flows from Lake George to Oaks Pond drains the eastern portion of the 
Oaks Pond watershed. Lambert Brook drains the northwestern portion of the Oaks Pond watershed. 
Thi s  tribut ry pas es through wetlands between Round Pond and Oaks Pond. Lambert Brook was 
not flowing during the time of sampl ing, but it has the potential to contribute water and dissolved 
olid to Oak Pond when it i s  flowing. 

Biology 493: Lake G org and Oaks Pond Page 86 



The tributary flow values are fairly low, which can be attributed to the low levels of precipi­
tation and dry condi tions during the summer and early fall months of 200 1 .  Sediments and possible 
pollutants are not carried quickly into the lake with low flow rates .  

Turbidity 

Results and Discussion 

The turbidity value was 1 .00 NTU at Tributary Site 14 in the outlet of Lake George. The 
values of turbidity were 0 .27 NTU at Tributary Site 1 in the tributary leading into Oaks Pond and 
0 .80 NTU at Tributary Site 4 in the outlet of the lake (Table 4). 

The low turbidity value at Tributary Site 1 on Oaks Pond indicates that there was very little 
suspended material entering he lake from this tributary during September 200 1 .  This  low level 
input of suspended material into the lake can be attributed to the lack of precipitation and the result­
ing low flow. This tributary originates at the outlet of Lake George, meaning that the water quality 
of Lake George has some impact on Oaks Pond. The water in the tributary takes up particulate 
matter and runoff from the land between the two lakes in the eastern portion of the Oaks Pond 
watershed and deposits them into Oaks Pond. 

Conductivity 

Results and Discussion 

The conductivity value in the outlet of Lake George at Tributary Site 14 was 26.2 µMHOs/ 
cm. The conductivity value at Tributary Site 1 in the tributary leading into Oaks Pond was 37 .5 
µMHOs/cm, and the value at Tributary Site 4 in the outlet of Oaks Pond was 36.5 µMHOs/cm (Table 
4) . 

The outlet of Lake George becomes the inlet of Oaks Pond, and the conductivity value was 
higher at Tributary Site I leading into Oaks Pond than at Tributary Site 14 leaving the outlet of Lake 
George. Higher conductivity readings indicate higher levels of dissolved solids, which were prob­
ably stirred up by the flowing water in the stream between the two lakes .  The conductivity at the 
outlet of Lake George is comparable to the mean value of 25.6 µMHOs/cm for the open water sites 
on the lake and is on the lower end of the range of values of 20 µMHOs/cm to 40 µMHOs/cm for the 
majority of Maine lakes (Pearsall 1 993).  

Conductivity measurement is also an index of phosphorus and ion loading into a lake from a 
tributary. The conductivity levels from the outlet of Lake George and the inlet of Oaks Pond indicate 

that more dissolved solids and ions are entering Oaks Pond than are leaving Lake George. 
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Table 4. Selected physical and chemical characteristics for the tributaries around 
Lake George and Oaks Pond. Data collected by CEA T on 1 2-Sep-01 for Tributary 
Site 14 (outlet) on Lake George and 1 7-Sep-01 for Tributary Sites 1 and 4 (outlet) on 
Oaks Pond. Tributary Sites 6 and 7 leading into Lake George were not sampled 
because the tributaries were not flowing. Tributary Site 6 leading into Oaks Pond 
was not sampled because the tributary was not flowing. See site maps for site 
locations : Lake George (Figure 1 5) and Oaks Pond (Figure 1 6). 

Physical Chemical 
Site Flow Turbidity Conductivity Color pH Nitrate Total 

(mis) (NTU) (µMHOs/cm) (SPU) (ppm) Phosphorus 
(��b) 

LG 6 
LG 7 
LG 14 0.07 1 .00 26.2 45 6 .80 1 0.0 
OP 1 0.06 0.27 37 .5 39 7 .09 1 3 .9 
OP 4 0.02 0 .80 36.5 30 6.48 0.04 9.3a 
OP 6 
a The value of total phosphorus (ppb) at this site is  the mean of two values. 

Color 

Results and Discussion 

The color value was 45 SPU at Tributary Site 14 in the outlet of Lake George. The color 
values were 39 SPU at Tributary Site 1 leading into Oaks Pond and 30 SPU at Tributary Site 4 in the 
outlet of Oaks Pond (Table 4 ) .  

The color values for the tributaries were higher than the mean values for each of the l akes .  
The classi fication of an uncolored body of water is  a reading of  less than or  equal to  30 SPU, c lassi­
fyi ng the outlet of Lake George and the tributary leading into Oaks Pond as colored (MDEP 2000). 
The color value for the inlet of Oaks Pond is lower than the color value for the outlet of Lake 
George . The lower color reading in tne inlet of Oaks Pond could be attributed to the presence of 
wetl ands around the stream between Lake George and Oaks Pond. Oxidation of organic compounds 
in the stream may have caused the difference of color readings (Firmage, pers . comm.) .  

Chemical A nalyses 

Re ult and Di cu ion 

Tributary Site 14 i n  the out let of Lake George, had a pH of 6 .80. The pH value at Tributary 
Site 1 in the tributary leading into Oaks Pond was 7 .09, and the value in the outlet of Oaks Pond at 
Tributary Site 4 wa 6.48 (Table 4) .  

The tribut ry ite f 1 1  i n  a comparable range to the open water sites, indicating that overal l 
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pH is  near neutral in the lakes and the associated tributary and outlets . The pH at Tributary Site 4 on 
Oaks Pond in the outlet i s  more acidic than the other sites, most l ikely due to the wetlands in the area 
contributing organic acids to the water. 

Nitrates 

Results and Discussion 

The nitrate level at the outlet of Oaks Pond at Tributary Site 4 was 0.04 ppm (Table 4). 
Samples were not taken for nitrate testing at the outlet for Lake George nor were they taken at the 
tributary leading into Oaks Pond. The critical level for nitrate pollution from fertil izers and animal 
waste is 5 ppm (Chapman 1 996). The nitrate level at Tributary Site 4 does not indicate problematic 
levels of human pol lution in the area because the nitrate level was very low. The farm located near 
the outlet of Oaks Pond does not appear to be contributing high levels of nitrates to the outlet . 

Total Phosphorus 

Results and Discussion 

The total phosphorus concentration at Tributary Site 14 in the outlet of Lake George was 10.0 
ppb. The total phosphorus concentration at Tributary Site 1 in the tributary leading into Oaks Pond 
was 1 3 .9 ppb, and the concentration at Tributary Site 4 in the outlet of Oaks Pond was 9 .3  ppb (Table 
4). 

The levels of total phosphorus in the outlets are similar to those values ob_tained from the 
open water sites on both Lake George and Oaks Pond. The concentration at Tributary Site 1 leading 
into Oaks Pond is slightly higher than the open water values for the lake. Tributary Site 14 in the 
outlet of Lake George and Tributary Site 4 in the outlet of Oaks Pond are below the critical level of 
phosphorus of 1 2  to 1 5  ppb. Tributary Site 1 in the tributary leading into Oaks Pond is within the 
critical range of phosphorus.  Inputs may be higher during spring runoff and storm events because 
the input of phosphorus is episodic (See Introduction : Phosphorus and Nitrates) . CEAT sampled 
when the flow rates were low in the fall of 200 1 . High levels of precipitation increase the flow in 
the tributary, resulting in possible influxes of phosphorus into Oaks Pond from the tributary leading 
from Lake George. 
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LAND USE ASSESSMENT 

Land Use Patterns 

The different land uses in a watershed can affect the amounts of nutrient loading and water 
quality. Various land use types in a watershed have different types and density of vegetative cover. 
Vegetation provides protection from runoff, controls the amount of erosion in an area, and stabilizes 
the soi l .  Different land use types affect the watershed in distinctive ways.  For example, an area of . 
cleared land has limi ted vegetation cover, making erosion much more l ikely than in a forested area 
with a greater amount of cover. Erosion can result in each hectare of undisturbed land losing be­
tween 0.004 and 0 .05 tons of soi l per year under normal conditions (Abramovitz 1 997). When land 
i s  converted to cropland or pasture, or is logged, the soil erosion rate can be many times the rate of 
undisturbed land. The primary goal of the land use study was to identify and classify the different 
land use types in the watershed, to determine relative importance of land use types to phosphorus 
loading, and to gain a greater understanding of the ecological health of the Lake George and Oaks 
Pond watersheds. Land use maps were created to examine land use trends and determine the influ­
ences of these uses on the watershed over time. 

Methodoloi:y 

Land use patterns in the Lake George and Oaks Pond watersheds were determined by analyz­
ing 1 955 and 1997 Digital Orthophoto Quads obtained from the James W. Sewall Company in Old 
Town, Maine . Watershed boundaries were obtained from the Maine Office of GIS in Augusta, 
Maine. Infrared photographs obtained from the National Aerial Photography Program (NAPP) also 
helped to identify land use patterns in the 1997 map (Light 1 995) .  The photographs used for this 
study site were flown in 1997. The photographs were received as 9" by 9" photographic prints with 
a scale of 1 in :  1 000 ft . Photographs were converted to a format that could be recognized and ma­
nipulated by Environmental Science Research Institute 's  Arc View ® 3 .2 .  The photographs were 
fi rst scanned and converted to digital JPEG images using a flatbed scanner and Adobe Photoshop™ 
5 . 5 .  These photographs were then aligned with features on the base map (See GIS Assessment: 
Methodology) . The following classifications were used in determining land use patterns within the 
watersheds : mature forest, transitional forest, regenerating land, reverting land, wetlands, residential 
lands (both shoreline and non-shoreline), roads, municipal/commercial lands (includes businesses ,  
gravel pits Lake George Regional Park, and Eaton Mountain ski slope), agricultural land (includes 
crop and pasture), and c leared land. 

ArcView 3 .2  was used to create the land use map by tracing the identified areas and creating 
polygons.  The area of each land use type was summarized by using the sum program in Arc View 3 .2 .  
Total area of each land use cover type was calculated in square meters . These total areas were then 
u ed to nalyze the land use trends in the watershed over time. 
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Wetlands 

Depending on type, location, and season, the presence of wetlands can greatly influence the 
water quality of surrounding areas because they may serve as both sources and sinks for nutrients 
(Mitsch and Gosselink 1993) .  Wetlands experiencing growth typically act as sinks by taking up 
nutrients while the vegetation grows.  Decomposing plant species in wetlands, especial ly in the fall ,  
act as  sources for nutrients (See Background: Wetlands) .  Wetlands are one of the most productive 
types of ecosystems because of their high content of organic matter (Patrick 1994) . Additionally, 
they provide ecosystem services such as flood control , sediment trapping, and nutrient retention 
(Niering 1 985) .  Buffering potential is greatest in those wetlands found closest to the edge of water 
bodies . Shoreline wetlands are particularly useful for controlling water quality of the lake and for 
minimizing the impacts of erosion (BI493 2000). 

Methods 

The wetlands in the Lake George and Oaks Pond watersheds are all freshwater; consequently, 
all wetlands fall into one land use classification category. This classification includes all forms of 
freshwater wetlands such as swamps and marshes (See Introduction : Wetlands).  Vernal pools in the 
area do not appear in the aerial photos, so they are not included on the land use map. Instead, they were 
included on park trai l maps (See Land Use Patterns:  Park) . 

Results and Discussion 

Wetlands composed approximately 1 . 8 percent of total land use in the Lake George watershed 
and 2.9 percent of total land use in the Oaks Pond watershed in 1 997 (Figure 30, Table 5) .  There is 
a posibi lity that relying on digital photographs may lead to an underestimation of the total area of 
wetlands in the watersheds . The visible wetlands are located primarily on the northern end of Lake 
George near the tributaries, on the southern tip of Lake George, on the western side of Oaks Pond, 
on al l edges surrounding Round Pond, on some areas slightly north of Round Pond, and also on the 
Northern edges of Lake George (Figure 3 1 ) .  Studies of wetlands have shown that watersheds com­
posed of five to ten percent wetlands can reduce peak flooding volumes by up to 50 percent, which 
helps buffer nutrient loading into lakes (Abramovitz 1997). The wetlands in the Lake George and 
Oaks Pond watersheds do not meet these criteria, making it likely that their effectiveness is not 
optimal . Compliance with laws requiring that the total land area of wetlands must be maintained is 
essential to ensure optimal water quality. 

Distances between the logging areas and the wetlands were calculated using GIS . The 
Natural Resources Protection Act regulates areas within 100 ft of a wetland (MDEP 200 1 ) . The act 
states that permits are required for activities that might cause material from adjacent land to be 
washed into a wetland area (MDEP 200 1 ) . Activities requiring a permit include dredging; removing 
vegetation or soil ;  draining or filling land; and contructing, repairing, or altering any permanent 

Biology 493: Lake George and Oaks Pond Page 91 



txJ 
5·  

� 
� l..O 
� 
� � 
� 
� � 

� :::s 
� 
0 
� � 
� c :::s 
� 

� 
l..O N 

Table 5. Land use areas for Lake George and Oaks Pond for both 1955 and 1997. Data were unavailable for the northern 

portion of the Lake George watershed in 1955; consequently, these 84.5 hectares are not included in 1955 areas. Hectares 
were obtained from land use maps with the exception of residential areas and roads which were obtained from the 

development group. Data are presented in hectares with the percentage for each land use type in the adjacent column. 

Lake Lake Oaks 
Oaks Pond 

Land Use George Percentage George Percentage Percentage Pond Percentage 
1955 T��es 1955 1997 1997 

Mature Forest 79.70 5 .79 682.20 49.57 68.6 1 6 .62 754.24 72 .80 
Transi t ional 349.37 25 .39 557.39 40.50 24 1 .04 23 .27 39.54 3 . 82 
Regenerating 226.32 16.44 1 3 . 1 7  0.96 1 6.75 1 .62 19 .06 1 . 84 
Reverting 202.83 14.74 50.69 3 .68 297 .54 28.72 1 9.4 1 1 . 87 
Wetland 1 5 .94 1 . 1 6 27. 16  1 .97 20.62 1 .99 32.92 3 . 1 8  
Residential 2 .83 0.2 1 1 5 .58 1 . 1 3 1 5 .99 1 .54 46. 14  4 .45 
Road 4.07 0.30 4. 1 8  0.30 7 . 1 8  .69 9 .56 0.92 
Commercial/ 5 .20 0.38 4.24 0.3 1 0. 1 5  0.0 1 34.06 3 . 29 

Municipal 

Agricultural 1 88.98 13 .73 14.07 1 .02 349.59 33 .74 76 .85 7 .32  
Land 

Cleared Land 30 1 .03 2 1 .87 7 .59 0.55 1 8 .58 1 .79 4.27 0.4 1 

Total Hectares 1 376.27 1 460.77 1 035 .05 1 036.05 
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Figure 30. Land use patterns for Lake George and Oaks Pond watersheds for 1 955 and 1 997. Data show the 
percent of each land use type in the watersheds. A small portion of the 1 955 Lake George watershed was not 
available; this area was also excluded in calculations for the 1 997 chart. Data obtained from Digital Orthophoto 
Quads (USGS 1997), the James W. Sewall Company, and Maine Office of GIS (MEGIS 2001). 
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Figure 31.  Land use patterns for Lake George and Oaks Pond Watershed. Each color 

represents a distinct land use type, as defined in the text (Methods: Watershed Landuse). 

Data acquired from United States Geological Survey Digital Orthophoto Quadrangle 

(DOQ) Data (USGS 1997) and Maine Office of GIS (MEGIS 2001 ). 
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Figure 32. Land use patterns for Lake George and Oaks Pond Watershed. Each color 

represents a distinct land use type, as defined in the text (Methods: Watershed Landuse). 

The historical aerial photographs on which this analysis is based were acquired from the 

James W. Sewall Company in Old Town, Maine. 
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structure on land adjacent to a wetland. Loggers must have a permit; however, the majority of 
logged areas are far enough away from the wetlands that they do not pose a serious threat. One of 
the wetlands in the northern portion of the Lake George watershed is approximately 1 1 8  meters 
from the closest logging road. This distance provides adequate time for nutrients to bind to the soil 
before being eroded into the wetland or lake (Lea, Landry, and Fortier 1 990) . The l ikel ihood of 
erosion increases proportionally as the number of trees harvested increases.  Consequently, a mature 
forest is most beneficial in preventing erosion and a recently logged area is most detrimental . 

Methods 

Further distinctions were made between forests and logging categories . The logged land 
classification includes cleared areas and regenerating areas. Cleared land is defined as cleared 
patches of forest that may or may not contain skidder trails or logging roads . It also includes selec­
tively cut land, distinguished as small patches of cutting, intermingled within forested areas . Selec­
tively cut areas and logging roads comprised a small percentage of the total land uses so they were 
combined with cleared land to create one category that includes all disturbed land. Regenerating 
land is distinguished as an early successional stage that fol lows logging, rather than agriculture. It i s  
identified as an even.aged stand of vegetation with the entire patch regrowing as a cohort. Reverting 
land is  land that was previously used for agriculture and is now undergoing a successional change . 
Vegetation may grow up in uneven patches in these areas. 

Forested land includes transitional forests and mature forests . CEAT defined transitional 
forests as areas that have at least a 50 percent forest cover, with a mixture of shrubs, young trees,  and 
old trees,  resulting in a patchy, uneven canopy. Mature forest is land with a distinct closed canopy 
and no patches. 

Results and Discussion 

Forestry 
In 1 997 , the Lake George and Oaks Pond watersheds were composed mainly of mature and 

transitional forests (Figures 30 & 3 1 ) . No other land use type comprised more than ten percent of 
the total land uses in the area. Agriculture and reverting areas had the next highest totals .  However, 
these percentages are much lower than in the 1955 land use maps where agriculture is one of the 
dominant land use types . There are some distinct differences between the land use totals within the 
two watersheds . 

Slightly less than half (49.6 percent) of the Lake George watershed was composed of mature 
forest. Transitional forest areas made up 40.5 percent of the watershed. Regenerating areas ac­
counted for one percent of the watershed. The Oaks Pond watershed has less total forest cover than 
the Lake George watershed (78 . 5  percent versus 9 1 .0 percent) , but more of the forest cover is mature 
forest (72. 8  percent compared to 49.6 percent) . Mature forest comprises 72 .8 percent of the total 
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land uses and transitional land accounts for only 3 . 8  percent of all land uses in the Oaks Pond water­
shed. Regenerating areas in Oaks Pond make up a slightly larger percent than in Lake George ( 1 .8 
percent vs .  1 .0 percent) . 

A comparison of the 1 955 and 1 997 land use maps (Figures 30, 3 1  & 32) demonstrates that a 
much larger percent of the land use in the Lake George watershed in 1 955  was agriculture. A portion 
of the 1 955 land use was unavai lable; consequently, when comparing percentages between the two 
watersheds this  portion in the 1 997 map is also omitted. As a result, percentages from the 1 997 map 
and the 1997 clipped map described below will be slightly different. The c lipped 1 997 map shows 
that agriculture made up 0.96 percent of total land uses in 1 997 compared to 1 2.94 percent in 1 955 .  
Much of the land that was classified as agriculture on  the 1 955 map became transitional land by 
1997 . Consequently, these percentages help to explain why there i s  a larger amount of transitional 
land in the 1997 Lake George watershed. 

The data are consistent with past data on Maine watersheds . Previous CEAT studies reported 
that mature forest made up the greatest percentage of land use types within the respective watersheds 
(Bl493 2000) . Transitional percentages varied from watershed to watershed, with the lowest per­
centage being 2.0 percent in both North Pond and East Pond. The largest percentage of transitional 
land was 27 percent in the Long Pond watershed. Part of the reason for variation in results arises 
from differences in defining transitional forest. The Great Pond study combined reverting and 
regenerating categories into the transitional category while the East Pond report classified all for­
ested areas as one category. The amount of transitional land within the Oaks Pond watershed i s  low, 
but it is sti l l  within the range of past data. The transitional land in Lake George was the highest 
percentage to date, which suggests that in the future Lake George will have a much larger amount of 
mature forest than other watersheds in the area. Thi s  amount of forest coverage will be beneficial 
for its potential to increase nutrient absorption and prevent erosion ; however, it may also result in 
increased interests in logging in the area (Bl493 2000). 

The amount of forested areas in the watersheds has increased over time. The Lake George 
data (Figure 30) indicate that mature forest increased from 5 .9 percent to 49 .6 percent and transi­
tional forest increased from 25 .4 percent to 40.5 percent. Regenerating and reverting areas both 
decreased from 1 6 .4 percent to 1 .0 percent and from 1 4.7 percent to 3 .7  percent, respectively. This 
change consti tutes an increase in natural buffers, making runoff erosion a less serious threat to the. 
lakes .  Continued efforts to minimize erosion within the watershed are important for maintaining 
water quali ty. As the populations of Canaan and Skowhegan continue to grow, it is imperative that 
forested areas in the watershed do not drastically decrease in the future from either logging or devel­
opment . 

Logging 
Cleared area in Lake George only represent 0.6 percent of the watershed. As mentioned 

earl ier thi category is composed of cleared land, selectively cut land, and logging roads. In the 
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Oaks Pond watershed c leared areas make up 0.4 percent. The amount of cleared land surrounding 
Lake George is only slightly larger than in Oaks Pond. One possible reason for the slight difference 
in the amount of cleared land may be that Plum Creek Timber Company, Inc . owns land in the 
northern portion of the watershed. No logging company currently owns land in the Oaks Pond 
watershed. Cleared areas in the watersheds are not concentrated in one specific area but rather are 
scattered throughout each of the watersheds . Most of the logging takes place in the northern portion 
of the watershed near the one logging road that was identified on the 1997 land use map. This area 
is more than the minimum 250 ft away from the lake, making it less of an immediate threat to water 
quality. It is extremely likely that more logging roads exist in both the Lake George and Oaks Pond 
watersheds, but were obscured by vegetation in the DOQs. 

Cleared areas in the Lake George watershed have decreased: in 1955 c leared land represented 
2 1 .9 percent of total l and uses compared to 0.6 percent in 1997 . This  trend was consistent in the 
Oaks Pond watershed, although decreases were not as drastic .  Cleared land decreased from 1 .8 
percent in 1955 to 0.4 percent in 1997 . These data suggest that logging does not pose the same 
threat it posed 42 years ago,although impact depends on when, where, and how logging takes place. 
The Lake George and Oaks Ponds combined watershed has less cleared land than any watershed 
previously surveyed by CEAT. In past CEAT studies, cleared land has been defined as any land not 
covered by trees or shrubs, which included agricultural tillage, fallow fields , and golf courses. The 
CEAT study of the Lake George and Oaks Pond watershed defines cleared land as cleared patches 
of forest resulting from logging, , including selection cutting. The definition of agriculture for the 
study of the Lake George and Oaks Pond watershed includes areas of fal low fields , agricultural 
tillage, cropland, and pasture . The variation in the definition for c leared land may partially account 
for the small percentages in this year 's  study, especially when compared to percentages from the 
CEAT Lake Wesserunsett study in 2001 . However, runoff and sediment erosion resulting from 
logging may still impact the Lake George and Oaks Pond watershed less than other lakes previously 
studied by CEAT. 

Aa:riculture 

Agriculture is the leading source of pol lution in rivers and lakes due to nutrient laden runoff 
associated with livestock, manure, and fertil izers applied to cropland entering the surface waters 
(See Introduction : Agriculture) . The degradation of 30 percent of the nation 's impaired lakes and 57 
percent of impaired rivers can be attributed to agriculture (USDA 2000). Due to the potential threat 
that agriculture poses to water quality, careful monitoring and best management practices such as 
riparian buffer strip implementation and proper manure disposal are necessary. 

Methods 

Agriculture was divided into two categories : cropland and pasture. Cropland was defined by 
areas of cleared land that had even rows indicative of planting. Pasture land was defined by large 
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areas of cleared land that did not have the row-like pattern of cropland. This was distinguished from 
cleared land associated with logging because i t  was typical ly in an area near roads, cropland, and 
houses. Cleared land associated with logging is  typically surrounded by forest. 

Results and Discussion 

In 1955 ,  agriculture represented 1 3 .7 percent of the Lake George watershed and 33 .7  percent 
of the Oaks Pond watershed (Figure 32) .  In 1 997 , the Lake George watershed was composed of 1 .0 
percent agriculture and the Oaks Pond watershed was composed of 7 . 3  percent (Figure 3 1 ) .  This 
decrease in agricul tural land is  a trend observed in many watersheds throughout the central Maine 
region (See Introduction : Regional Trends) . 

The 1997 agricultural land use percentage represents a small portion of the total area of the 
watershed for Lake George ( 1 .0 percent), indicating that the effect of agriculture on water quality is  
l ikely to be minimal . In the Oaks Pond watershed, agriculture has a greater potential for negative 
impacts on water quality but it is sti l l  a relatively small area (7 .3  percent) . 

Commercial and Municipal 

Commercial and municipal land can have a high potential for runoff and phosphorus loading. 
These land uses often contain impervious surfaces such as roof- tops and pavement that can enhance 
runoff. Businesses have the potential to enhance the amount of toxic chemicals and wastewater that · 
enters into a watershed (BI493 2000) . Gravel pits can contribute to poor water quality in a lake by 
increasing erosion through the exposure of sediments . Gravel pits also allow greater penetration into 
the water table of substances contained in runoff, which can also lead to adverse lake water condi­
tions (BI493 2000) . 

Methods 

CEAT grouped municipal and commercial land within the Lake George and Oaks Pond 
watersheds into one land use category entitled, "commercial/municipal ." This l and use category was 
defined to include i ndustries, businesses , gravel pits, schools, hospitals, and other public facilities. 

Results and Discussion 

In 1 955,  commercial/municipal land made up a total of 0.4 percent of the land in the Lake 
George watershed, and 0.0 1 percent of the land in the Oaks Pond watershed (Figure 32).  Camp 
Modin was the major source of commercial/municipal land in 1955 prior to the creation of Lake 
Ge rge Regional Park . In 1 997 commercial/municipal land made up a total of 0 .3  percent of the 
Lake George watershed and 3 . 3  percent of the Oaks Pond watershed (Figure 3 1 ) . CEAT col lected 

me of thi data through direct observation of land use types, and therefore a more detai led descrip­
ti n of commerci I/municipal land is avai lable for the more current 1997 data. The Lake George 
Regi n I Park a the large t source of commercial/municipal land in the Lake George watershed in 
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1997, including parking lots, roads and park buildings . There are also several small businesses along 

Route 2, many of which are either attached or adjacent to personal residences. The increase in 

commercial/municipal land between 1 955  and 1 997 in the Oaks Pond watershed is largely due to the 

construction of the Eaton Mountain ski area. 

Residential Survey 

Shoreland zoning 

Regulations 

Development too close to the shore of a water body may result in a decline in water quality. 

Shoreline development can lead to increased soi l erosion and potentially the addition of contami­

nants from septic systems. Th Maine Department of Environmental Protection (MDEP), with the 

assistance of the United States Environmental Protection Agency (USEPA), has constructed Maine 's 

Mandatory Shoreland Zoning Act to encourage responsible development, protect water quality, l imit 

erosion,  and conserve wi ldlife and vegetation (MDEP l 998a) . This  act establishes minimum re­

quirements that all towns must abide by when developing their local ordinances. However, towns 

are allowed to implement more stringent standards if they deem such regulations necessary. Both 

Canaan and Skowhegan have adopted the State of Maine 's regulations to implement in their towns 

with some adaptations.  The regulations put forth in this  act apply to land uses within 250 ft (hori ­

zontal distance) of  the normal high watermark of any pond over ten acres, and any river that drains 

at least 25 mi2• These regulations also apply to land uses within 250 ft of a freshwater wetland over 

ten acres, and within 75 ft of any stream (MDEP 1 998a). Unfortunately, at thi s  time, wetland areas 

under ten acres, such as vernal pools, are not protected by such regulations .  

Residential uni ts proposed in the shoreland zone are subject to the fol lowing zoning regula­

tions (Canaan Town Office 200 1 ,  Skowhegan Planning Office 200 1 ) :  

• Structures are required to be set back a minimum of 1 00 ft (horizontal distance) from the 

shoreline. 

• Structures are allowed a maximum height of 35 ft, measured from the downhil l  side of the 

bui lding. 

• The minimum shore frontage for a proposed lot i s  200 ft 

• The minimum area for a proposed lot is  40,000 ft2• 

Proper .set back i s  important to provide space for an adequate buffer and to limi t  the amount 

of erosion along the shoreline. Certain areas within the watershed are designated by the towns as 

Resource Protection Districts ; these include :  areas with two or more acres of steep slopes (greater 

than 20 percent) , areas with two or more acres of wetland vegetation not part of the water body, and 

1 00-year floodplains on rivers . New development is prohibited within the shoreland zone of Re­

source Protection Districts ; that is, new development must be set back more than 250 ft from the 

shoreline in these areas. Nutrient loading is further minimized by shoreline ordinances that regulate 
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driveway placement, septic system placement, the clearing of vegetation, and the expansion of 

existing buildings.  

Non-conformance describes buildings, lots , and uses that do not meet the c urrent ordinance 

standards . These structures are usual ly buildings that predate the existence of the ordinance and, as a 

result, are sited too close to the water. Non-conformities exist because houses built prior to 1 989 

were only required to be set back 75 ft, and prior to 1 974 no setback from the shore was required 

(Gray, pers . comm.) .  Ordinances typically contain provisions to help reduce the number of non­

conformities over time. For example, a non-conforming structure that existed prior to 1 989 must not 

be expanded more than 30 percent during the remainder of its lifetime. If a non-conforming struc­

ture is damaged or destroyed and loses more than 50 percent of its value, the structure may be 

reconstructed provided that a few requirements are met. A permit must be obtained within one year, 

and the reconstruction should meet the current shoreline setback requirements to the greatest practi­

cal extent as determined by the code enforcement officer. 

Resul ts and Discussion 

Meetings were held with Randy Gray, the Code Enforcement Officer for the towns of Canaan 

and Skowhegan, to discuss the compliance and enforcement of the zoning regulations .  Residents 

who wish to expand, change, or replace an existing use or structure must apply for a permit. The 

Planning Board decides, within the context of the regulations,  whether or not to approve the permit 

(Marcotte, pers . comm.) .  Neither Canaan nor Skowhegan keeps a formal record of the number of 

non-conforming structures along the shoreline. It is  probable however, that the vast majority of the 

homes in the shoreland zone of both the Lake George and Oaks Pond watersheds are non-conform­

ing (Gray, pers . comm.) .  Gray expressed his belief that the reason so many non-conforming houses 

exist along the shoreline is because they were established before the 1 974 zoning ordinance was 

enacted. It is important to attempt to reduce the number of non-conformities over time by increasing 

the setback of homes that need to be replaced. This  improvement will help to decrease the potential 

for run off and septic contamination because homes and their septic systems wil l  be further away 

from the water. Increased setback al lows more time for nutrients to be absorbed by the soil before 

reaching the lake. If the lot i s  too smal l or some other obstacle prevents proper setback, the lot 

owner can peti tion the town to al low replacement of the structure based on a practical proposal by 

the property owner. In addition to these concerns, many homes along the shoreline are currently too 

smaJ I or are encroaching upon the 200 ft minimum shoreline frontage. This has implications for 

future deve lopment potential as di scussed later (See Future Projections:  Development Projections).  

House counts 

The exi stence of residences in the Lake George and Oaks Pond watersheds represent poten­

tial impacts on the water quality of these two lakes. Shoreline properties may increase the runoff of 

sedi ment and chemicals into these lakes,  which then increases phosphorus loading. In addition, the 
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septic systems of shoreline homes are located in c lose proximity to the water 's edge and have the 

potential to contribute additional contaminants . Nutrients and pollutants from non-shoreline homes 

however, have more time to be absorbed and filtered through the soil before reaching the water 's 

edge. It i s  also important to consider the percentage of seasonal versus year round properties be­

cause their respective impacts on runoff and septic leaching can vary significantly. The increased 

use of septic systems, roads, and activity of year round homes, tends to increase the potential for 

further nutrient loading. Residences located along streams and tributaries that flow into Lake 

George and Oaks Pond also present potential problems . 

Methods 

The houses in the watershed were counted using two methods. Shoreline houses (those 

within 200 ft of the water 's  edge) were counted by boat during the buffer strip survey conducted on 

24-Sep-O 1 .  CEAT chose 200 ft as a cutoff point to be consistent with past reports completed by the 

CEAT and to allow for comparison with other lakes. Non-shoreline homes were counted in conjunc­

tion with the road survey conducted on 3-0ct-0 1 and 9-0ct-0 1 (Appendix L) . Surveyors determined 

whether the homes were seasonal or year round by examining certain characteristics. Features 

suggesting year round residency included an enclosed foundation, an external oil tank, or a paved 

driveway because they help equip a home for winterization. An open foundation, the absence of a 

chimney, the presence of pit privies, and dirt driveways often indicate that a residence i s  seasonal . In 

addition to the data collected in the field, the tax maps from both Skowhegan and Canaan were 

obtained from the respective town offices. Tax maps provided information on lot divisions within 

the watershed and were also helpful in confirming the number of shoreline versus non-shoreline 

homes. 

Results and Discussion 

There are 1 97 houses in the Lake George and Oaks Pond combined watershed, 60 percent 

( 1 19 houses) of which are year round, and 40 percent (78 houses) of which are seasonal . More than 

half of the homes in the watershed are year round indicating that these residences potentially affect 

the watershed on a regular basis .  This  result has implications for the phosphorus budget because 

year round homes generally contribute larger amounts of nutrients due to year round septic use and 

increased human activity (See Land Use Assessment: Phosphorus Loading) . 

Of the 1 97 houses in the combined watershed, 55 percent ( 109 houses) are non-shoreline 

while 45 percent (88 houses) are designated as shoreline . Approximately half of the homes are 

located on the shoreline and many of them do not conform to the shoreland zoning regulations . This  

abundance may negatively impact lake water quality because the homes and many primitive septic 

systems are located in close proximity to the water body. The population map also indicates that 

some of the highest population densities in the watershed occur along the shoreline of Oaks Pond 

(Figure 33) .  Although these results indicate that there is a relatively heavy concentration of resi-

Biology 493: Lake George and Oaks Pond Page 1 05 





Population 
(Number of People) 

I I o - 1 

I f s - 20 
21 - 31 

- 32 - 45 
- 46 - 84  

0 0.5 

s 

1 1 .5 2 Miles 
-

Figure 33. Population within the Lake George/Oaks Pond combined watershed. Data 
adapted from 1 990 Topographically Integrated Geographic Encoding and Referencing 

(TIGER) census data (TIGER 2001). 
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dences along the shoreline of Oaks Pond compared to much of the rest of the watershed, they may 

be misleading as the numbers do not give an indication of the seasonality of these homes. Eighty­

nine percent (78 houses) of the houses along the shoreline in the Lake George and Oaks Pond com­

bined watershed are seasonal whi le only 1 1  percent ( 1 0  houses) are year round. These results sug­

gest that seasonal changes in the water quality of the lakes may occur. Use of these lakes is heavily 

concentrated in  the summer months,  potentially causing an influx of nutrients , sewage, and other 

contaminants into the lake during thi s  season. Steve Dionne (pers . comm.),  a resident on Oaks Pond, 

noted that the conversion of homes from seasonal to year round is  becoming increasingly popular 

within the Oaks Pond watershed. Currently, the lakes are not subject to as much human activity in 

the off-season, but if more homes convert to year round use, the lakes will experience an influx of 

nutrients and contaminants in the off-season as well .  

The house count table (Table 6) displays the house count data for both the Lake George and 

Oaks Pond watersheds separately  and shows that 28 percent (56 houses) of the homes in the area are 

located in the Lake George watershed, whereas 72 percent ( 1 4 1  houses) of the homes lie in the Oaks 

Pond watershed. Forty-five percent (25 houses) of the residences in the Lake George watershed are 

year round and 55  percent (3 1 houses) are seasonal . In comparison, 67 percent (94 houses) of the 

homes in the Oaks Pond watershed are year round and 33 percent ( 4 7 houses) are seasonal . A larger 

percent of homes in the Oaks Pond watershed are year round which could lead to a higher level of 

potential nutrients and contaminants entering this  lake. Sixty-one percent (34 houses) of the resi­

dences in the Lake George watershed are shoreline and 39 percent (22 houses) are non-shoreline . 

Thirty-eight percent (54 houses) of the residences on Oaks Pond are shoreline and 62 percent (87 

houses) are non-shoreline. Although the Lake George watershed has a much higher percentage of 

shoreline homes, the actual number of shoreline homes on this lake is less than that for Oaks Pond. 

There are roughly 54 shoreline homes on Oaks pond and only 34 on Lake George. In addition, Oaks 

Pond (87 acres) is approximately one third the size of Lake George (304 acres), and its seasonal 

residents often visit more days per season (Hubbard, Dionne, pers. comm.) .  Both watersheds have a 

considerable number of shoreline homes, which have the potential to increase the amount of run off 

Table 6. Total house counts for the Lake George and Oaks Pond watersheds. Data 

collected during the buff er strip survey conducted on 24-Sep-01 and during the road 

survey conducted on 3-0ct-01 and 9-0ct-01 by CEAT. 

Shoreline Non-Shoreline Total 

Watershed Seasonal Year-Round Seasonal Year-Round 

Lake George 3 1  3 0 22 56 

Oaks Pond 47 7 0 87 1 4 1  

Combined 78 10 0 1 09 1 97 
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and septic contaminants entering the lake. Oaks pond however, may be more at risk of nutrient 

loading due to its smaller size ,  the h igher number of shoreline homes, lengthier resident visits, and 

increased septic use. The high flushing rate (4.9 1 flushes per year) of the lake, however, helps to 

alleviate some of these concerns. 

Lake Wesserunsett, surveyed in 2000 by CEAT, i s  in the nearby Town of Madison, and 

makes for an interesting comparison (Bl493 200 1 ) . There are 533  residences within thi s  watershed, 

compared to the 1 97 in the Lake George and Oaks Pond combined watershed. However, the per­

centages of seasonal versus year round homes and shoreline versus non-shorel ine homes are quite 

simi lar between the two. Just over half of the residences in  the Lake Wesserunsett watershed are 

year round while j ust under half are located along the shore line compared with sixty percent year 

round and forty-five percent shoreling for the combined watersheds of Lake George and Oaks Pond. 

Although the placement and seasonality trends are simi lar, the Lake Wesserunsett watershed contains 

nearly three times as many residences as the Lake George and Oaks Pond combined watershed. The 

total area of the Lake Wesserunsett watershed is 42, 1 00,000 m2, whereas the area of the Lake George 

and Oaks Pond combined watershed i s  26,693 ,6 1 5  m2• These figures demonstrate that the Lake 

Wesserunsett watershed i s  only one and a half times larger but holds almost three times as many 

residences.  The Lake Wesserunsett watershed has a much larger potential for water quality degrada­

tion than the Lake George and Oaks Pond combined watershed due to higher levels of development. 

Buffer strips 

Shoreline residential areas can have a distinct impact on the water quality of a l ake (Woodard 

1989). The disturbance of natural vegetation and soil can lead to increased runoff, causing erosion 

and ultimately resulting in an increase of nutrients and sediments flowing into the water. These 

pol lutants can produce a number of undesirable effects (See Introduction : B uffer Strips) . Excess 

sedimentation can cause fi sh gi l ls  to clog and increase nutrient levels in the water, particularly 

phosphorus, which can lead to eutrophication (Schauffler 1 990) . Eutrophication can cause algal 

blooms which can destroy the habitat for other plants and aquatic life (See Introduction : Trophic 

Status of Lakes).  

A buffer strip i s  one of the most economical and effective methods avai lable to minimize the 

impact of runoff along the shoreline. An adequate buffer should consist of four layers : trees,  shrubs,  

groundcover, and a duff layer. Trees have a deep root system that i s  particularly useful for absorbing 

water and nutrients . In addition to being aesthetical ly pleasing, shrubs can provide protection from 

wind and rain and serve as a refuge to many wildlife species. Groundcover is an equally  significant 

layer. It consi sts of vines, grasses ,  and ornamental flowers,  which serve to slow down runoff and 

al low for more water percolation into soi l ,  trap sediment ,  and hold soi l in place. The duff layer i s  

compo ed of  fal len leaves, pine needles, and other natural debris .  This  layer i s  one of  the most 

important layer because of its sponge-l ike abi l i ty to absorb water. It also provides an optimal 

en ironment for microorganisms to recycle nutrients. Buffer strips have other benefits in addition to 
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improving water quality. They can provide privacy, protect property from harsh weather, provide 

attractive habitats for wildlife, and cut down on yard maintenance (Hardesty and Kunhs 1 998) .  

There are a number of regulations concerning shoreline property that include policies regarding 

buffer strips (See Residential Survey:  Shoreland Zoning) . 

There are three basic types of buffer strips : natural , enhanced, and landscaped. Natural 

buffers consist of natural vegetation that has not been mowed. This  type of vegetation can take some 

time to grow back if extensive removal has occurred but it requires the least maintenance and is the 

most economical (Hardesty and Kunhs 1 998) .  Enhanced buffers are natural buffers with some added 

ornamental plants that do entai l additional maintenance and expense. The third option i s  a land­

scaped buffer that consists of predominantly cultivated plants . While this  option is more expensive 

and often requires more maintenance, it can also be established more quickly  because purchasing 

mature plants reduces growing time (Hardesty and Kunhs 1 998) .  When possible it  is preferable to 

use native plants when designing a buffer strip (Appendix M). Native plants are adapted to climatic 

conditions and often require less maintenance. Native plants are also preferable to non-native plants 

because of the potential of non-native plants to become invasive species. Generally, the best option 

is to examine naturally growing vegetation in the area and add to it (Cumberland County Soi l  and 

Water Conservation District Fact Sheet #05) .  

Riprap i s  a method used to prevent erosion along the shoreline (See Introduction : Buffer 

Strips) .  This  method protects fragi le shorelines from wave damage. In comparison to vegetated 

buffer strips, riprap is less effective in preventing erosion ; it does, however, provide another option 

for erosion prevention if vegetation cannot grow in the desired area. The main purpose of riprap i s  

to  protect the shoreline from wave action and subsequent erosion, particularly during storms or  times 

of high water. 

Methods 

A survey was conducted on 24-Sep-O 1 to analyze the quali ty of the residential buffer strips 

around Lake George and Oaks Pond. The survey form was developed and used by CEAT in previ­

ous studies (BI493 1 999-200 1 ;  Appendix N) . Survey categories include percent lakeshore coverage 

of buffer, buffer depth from shoreline, slope between house and shore, buffer composition (percent 

trees, shrubs/flowers) ,  and need for riprap. Geographic coordinates were taken with a Garmin® 

GPS unit for each house surveyed and matched to a tax map to create a map i l lustrating where the 

different types of buffers were located. Survey data were analyzed using the following method: 

houses receiving a score of less than 7 were rated as having poor buffers, houses with a score from 8 

to 1 4  were rated as having partial buffers, and houses with a score of 1 5  or higher were considered 

adequately buffered. This  scoring system was chosen based on the scale used in the 1 998 BI  493 

report. The maximum score possible was 23 . Characteristics of an optimal buffer would have 

greater than 75 percent lakeshore coverage of buffer, and buffer depth from shoreline would be four 

feet or more. The slope between the house and the shore would be zero, the buffer composition 
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Figure 34. Percent adequacy for buff er strips 

on Lake George and Oaks Pond determined 

from the buff er strip survey taken on 24-Sep-

01 (See Buffer Strip Survey: Results). Buffer 

strip adequacy is important to the overall 

health of the lake because buffers provide the 

last line of defense against runoff entering the 

water. 

33 percent as partial , and 22 percent as poor (Figure 34). 

would be approximately 1 00 percent 

shrubs and flowers, and riprap would 

not be needed. The lowest score pos­

sible was zero. A property receiving this 

score would essentially have no buffer. 

There would be zero percent lakeshore 

coverage of buff er, no buffer depth, the 

slope would be greater than 22 degrees 

and riprap would be needed. 

Results and Discussion 

Both Lake George and Oaks 

Pond have a substantial number of 

shoreline residences, many not con­

forming to current regulations (See 

Residential Survey:  House Counts). Of 

the 34 houses surveyed on Lake George, 

68 percent were adequately buffered, 3 2  

percent were partially buffered, and 

none were poorly buffered. Fifty-four 

houses on Oaks Pond were surveyed 

with 44 percent classified as adequate, 

Improperly buffered houses pose a distinct threat to water quality in  Oaks Pond and Lake 

George. These buffers tend to cover an insufficient amount of shoreline, do not extend far enough 

back from the shoreline to the house, and have a steep, erosion prone slope (Figure 35) .  Without 

adequate buffers along the shoreline, it  permits runoff to flow freely  into the lake carrying nutrients 

and sediments that may contribute greatly to the degradation of water quality to. Although partially  

buffered homes are not as  detrimental to  water quality, one or  more of  the issues associated with 

poor buffers , such as steep slope, or lack of buffer depth was also observed (Figure 36) .  Adequate 

buffers are characterized by appropriate lakeshore coverage, depth from the shoreline and composi ­

tion consisting of trees ,  and shrubs/flowers (Figure 37) .  

There are many publ ications avai lable to homeowners regarding methods to improve the 

buffering capacity of their shoreline property. S lope, exposure , and soi l type are examples of charac­

teristics that are unique to each property. When planning buffer strip installation , it is  beneficial for 

each homeowner to match buffer strip design to specific characteri stics of their shoreline. Although 

certain  categories such as buffer depth may be difficult to improve, smal l changes can have a signifi­

cant beneficial effect (Hardesty and Kunhs 1998) .  The "before" image depicts a house c lose to the 
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Figure 35. An example of a buff er strip rated poor by the buff er 
strip survey. Lakeshore coverage was between 1 and 25 percent; 
buff er depth was zero feet. The slope between the house and the 
shore is greater then 45 degrees. The combination of these factors 
threatens water quality because there is essentially no barrier 
between the house and the water to absorb runoff and prevent 
erosion. 

Figure 36. An example of a buff er strip rated as partial by the 
buffer strip survey. Lakeshore coverage is between 1 and 25 
percent; the buff er depth is approximately one foot. The slope 
between the house and the shore is between 0 and 1 1  degrees. The 
buffer composition is 50 percent trees and 50 percent 
shrubs/flowers. Partially buffered houses do not pose as great a 
threat to water quality as poorly buffered houses, however, 
improvements are certainly necessary to create a more effective 
buffer strip. 
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Figure 37. An examp�e of a buffer strip rated as adequate by the 
buffer strip survey. Lakeshore coverage is between 26 and 50 

percent; the buffer depth is approximately two feet. The slope 
between the house and the shore is between 0 and 11 degrees. The 
composition is 50 percent trees and 50 percent shrubs/flowers. 
This property has many of the characteristics of a good buff er, 
however, there are improvements that could be implemented to 
make this good buff er strip even more effective. 

Figure 38. The sam e cabin before and after the addition of a c omputer generated 

buffer tr i p. The e images illustrate how even small changes can s ignificantly 

impro e the buffering capacity of a previously poorly buffered p roperty (Hardesty 

and Kuh ns 1 998). 
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water with no vegetation between it and the water (Figure 3 8) .  The "after" image depicts the same 

house with digitally added vegetation .
· 
This  i llustrates how simple it can be to make both aesthetic 

and environmental improvements resulting from the addition of a small amount of vegetation . This  

i ssue i s  particularly relevant for many camps on Lake George and Oaks Pond that are very close to 

the water's edge and considered nonconforming in regard to shoreland zoning regulations (See 

Residential Survey :  Shoreland Zoning) . To mitigate the negative effects these houses can have on 

water quality, i mplementation of the buffering techniques described above should be employed. 

Figure 39 shows the location of the different categories of buffers along the shorelines.  

There does not appear to be any pattern of adequately buffered houses or partially buffered houses 

on Lake George; rather they are scattered around the lake. A scattered distribution is also seen on 

Oaks Pond. There does not appear to be a general pattern between location and buffer strip ad­

equacy for either lake. In past CEAT reports (Bl493 1 999-2000) larger lakes were studied and 

divided into sections for buffer strip analysis .  This analysis often showed certain areas of the lake to 

be at greater risk for water quality degradation due to inadequate buffers than others. The lakes 

considered in this  report are smaller, thus a more detai led analysis was possible. One characteristic 

not seen in other lakes is the ownership of large stretches of shoreline by a park such as LGRP. The 

west side of the lake, south of the first camp, is mostly forest and naturally buffered, which contrib­

utes much less runoff in comparison to residential land (Woodard 1 989). The east side shoreline i s  

closely flanked by a dirt road and the depth of  the buffer is  relatively shallow making i t  an area of 

concern for erosion and runoff (See Watershed Land Use Assessment : Roads) .  Many steps have 

been taken to control erosion and runoff as i l lustrated by the berm construction on the east side to 

control parking lot runoff; however, more work is necessary to minimize threats to water quality. 

The will ingness of LGRP to address buffering i ssues will have a large impact on the lake because of 

the extensive amount of shoreline under park management.  

Subsurface disposal systems 

Regulations govern construction of subsurface disposal systems to ensure that minimal 

amounts of nutrients are added to the environment. The Towns of Canaan and Skowhegan both 

conform to the regulations established by the State of Maine Subsurface Wastewater Disposal Rules 

for wastewater disposal (MDHS 1 988) .  These regulations are l isted in the Maine Subsurface Waste­

water Disposal Rules (See Introduction : Sewage Disposal Systems) . The information used in this  

report i s  based on conversations with Randy Gray, the plumbing inspector for both towns. 

Problems and Recommendations 

Septic systems are designed to store and treat waste. These systems are sensitive, and addi-

tion of harmful chemicals to the tank can potentially inhibit or kil l  bacteria that are necessary for 

proper function .  The lack of bacteria could cause waste to accumulate in the malfunctioning system, 

which could lead to increased phosphorus loading and more rapid eutrophication of lakes. Residents 
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Figure 39. Illustration of buffer adequacy for Lake George and Oaks Pond as determined from the Buffer Strip Survey 
on 24-Sep-Ol. Ratings were based on percent shoreline coverage, depth of buffer, slope between house and shoreline, 
percent composition, and need for riprap. 





need to be aware of this  fact and control what is added to their septic systems. Plumbing inspectors 

in the area do not regularly inspect existing systems unless requested to by individual property 

owners or concerned neighbors (Gray, pers . comm.) .  Consequently, a failing septic system could go 

unnoticed and pose a major problem to the watershed. In addition, the towns of Canaan and 

Skowhegan do not record the types and installations of new systems present in their jurisdiction, 

leaving the quanti ty, condition, and efficiency of systems in the watershed unknown. 

Randy Gray mentioned that failing systems are present within the Lake George and Oaks 

Pond combined watershed. He suggests that the primary reason septic systems are failing is overuse. 

Currently, residents tend to remain at their camps for months at a time, whereas in the past they may 

have only  come to the lake for weekend visits. This  increased use challenges the capacity of current 

septic systems. Gray suggests that people may flush up to 300 gallons of water per day. This  prac­

tice is  taking i ts toll on the existing septic systems and the quality of the Lake George and Oaks Pond 

(Gray, pers . comm.) .  The typical shoreline septic system is  not designed for such high levels of use. 

As no surveys of systems are conducted and no record i s  kept, i t  i s  possible that some people 

have installed and use nonconforming septic systems. This  option may be somewhat appealing 

because nonconforming septic systems can be installed right away without approval or payment of 

permitting fees .  Nonconforming septic systems may work, but probably do not meet the current 

standards. According to Gray, the overall number of nonconforming septic systems being added i s  

estimated to  be very low. Gray also believes that the community in general i s  well educated about 

the effects of malfunctioning septic systems and realizes that no one benefits from algal blooms or 

high coliform levels . Often a member of the community will cal l  the plumbing inspector if a failing 

system is suspected. If sewage odors are detected in the area, a non-toxic dye is added to the sus­

pected failing system. If the system is failing, the dye will rise to the surface indicating that that 

wastewater is not being properly treated. The property owner will then be cited and have 30 days to 

remedy the problem (Gray, pers . comm.) .  

Many individuals are installing new systems and replacing old malfunctioning systems 

voluntarily (Gray, pers. comm.) .  The conversion of seasonal homes to year round residences has 

resulted in septic system replacement and upgrades to larger systems. Some seasonal homes stil l  

rely on pit  privies, which may be acceptable if  used properly (See Introduction : Sewage Disposal 

Systems) .  In the past three years, 1 5  to 20 systems have been installed and/or replaced in  the com­

bined watershed. In Gray 's opinion, these renovations have had very positive effects on the lake 

water quality. The Lake George Regional Park has also replaced both of its septic systems in 1 994 

(west) and 1 997 (east) (Hubbard, pers . comm.) .  

Towns can implement a variety of practices to ensure that failing and nonconforming septic 

systems continue to be removed from the combined watershed. The first practice is to start record­

ing septic systems that are installed. This  practice would be relatively simple to institute because 

permits are necessary for each new system. In addition, the towns could implement a program 

where they inspect a certain area of the watershed every year to make sure that the septic systems are 
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functioning properly. Each year they could examine a new region and keep the combined watershed 

in the best condition possible .  Thi s  inventory should start with a survey of shoreline homes.  Contin­

ued community education is also important. The town could distribute flyers with basic information 

on proper septic system requirements and maintenance. In addition, the towns could publicize that 

under certain conditions funds may be avai lable from the state to help ease the cost of instal ling 

systems. Al l of these actions would enhance water quality and lead to a c leaner watershed environ­

ment. 

Roads 

Roads have the potential to contribute significantly to phosphorus loading (Michaud 1 992) . 

During road construction the land is  cleared of vegetation potentially increasing the amount and rate 

of runoff water. Roads can act as channels  for runoff by providing a direct path for sediment to flow 

into water bodies.  To minimize potential runoff, roads should be kept in  the best condition possible . 

Proper maintenance i s  especial ly important for camp roads that are located in close proximity to 

lakes .  Camp roads are composed of sediments that hold large quantities of phosphorus.  Phosphorus 

clings to sediments, such as dirt and gravel .  If erosion occurs, these partic les can easily be deposited 

into water bodies along with phosphorus. Roads can contribute large amounts of phosphorus to lake 

watersheds and are the greatest threat to the health of lakes in Maine (Michaud 1 992). 

Paved roads also affect overall lake water quality, particularly if  they are close to the water 

body. Sand and salt, used on roads in the winter, remain on impenetrable road surfaces and may be 

washed into lakes by spring rains or snow melt. Although driveways were not surveyed in this  

report, dri veways are simi lar to camp roads in that they also have the potential to  add significant 

amounts of nutrients. Shorel ine residences with driveways that lead directly down to the water are 

potenti al ly quite harmful , especially if they are steeply graded. 

The amount of phosphorus that a road can add increases tremendously if  i t  is not maintained. 

CEAT surveyed al l of the accessible paved and unpaved roads in the Lake George and Oaks Pond 

watersheds to gain a better understanding of the condition of the roads and their potential for phos­

phorus loading. 

Methods 

Unpaved camp roads contribute more phosphorus to the watershed than paved roads ; thus 

they were the focus of this study. Paved roads were assessed for evidence of erosion and the condi­

tion of cul verts; in addi tion , the number of houses on each paved road was counted. Each accessible 

camp road was surveyed using the Detai led Survey (Appendix 0) .  This  survey was designed by the 

MDEP and modified by CEAT over the years . In addi tion to assessing camp road quali ty, the length 

and width of paved roads in the watershed were measured. The area of all roads was determined by 

multiplying length by width using data acquired from the road surveys. Road surveys were con­

ducted on 3-0ct-O 1 and 9-0ct-O 1 .  
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The Detailed Road Survey evaluation assessed the current condition of camp roads. The 

investigation covered road surface quality, ditching, culverts, water diversions, and erosion potential 

in addition to road area (See Introduction : Roads) .  All of these categories were used to assign each 

road a score. Roads with higher scores were in worse conditions than roads with lower scores. 

The length of the road was driven and the mileage recorded for each camp road that was 

surveyed. The road was then divided into three to five equal sections.  Each section of the road was 

then surveyed on foot for each of the road characteristics mentioned above and the results were 

recorded on the survey form. 

The surface total score was based on many road characteristics including crown, surface 

material , presence of berms, base, �verall condition,  and seasonal versus year round use (Appendix 

P). Proper crowning i s  necessary to divert water off the road and into ditches, or the adjacent land­

scape. Crowning is the first measure towards diverting runoff water into a buffer area (MDOT 

1 986). Water wil l  collect on the surf ace of the road without proper crowning and may contribute to 

further deterioration of the road. Crowning was measured using a level and a string attached to a 

meter stick. The meter stick was held at the road's edge and the string was extended to the road 

center. Using the level,  the string was moved to the correct horizontal position on the meter stick to 

make a right angle (90°) and the crown height was read. Ideal camp roads have a crowning of 0.5 to 

0.75 inches for every foot of width, meanjng that a twelve-foot wide road would have a crown of six 

inches (Figure 40; Michaud 1 992). 

Water Drainage 

Trapemilal Shape 
6 iD Cmwn 

12 ft Wi'lth 

Figure 40. A good camp road has a six-inch crown for a 12 ft wide road. The crown 

serves to direct surf ace runoff into roadside ditches. Within ditches, vegetation 

serves as a buffer for phosphorus-containing sediments (Michaud 1992). 

Ditching is another step in rerouting runoff and directing it into buffer zones . The score for 

ditchlng of each road was determined by evaluating the condition of existing ditches and assessing 

the need for additional ditching. An effective ditch is parabolic or trapezoidal in shape, two feet 

deep, fairly wide, vegetated or filled with riprap, and l ined with a moderately thin layer of a natural 

substrate. If high flow rates are expected, riprap should be used because it slows down the flow and 

prevents erosion .  Ditches with large amounts of sediment or bare soil received the lowest scores 
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Figure 41.  The photograph at the left is an example of a bad ditch because it is square 

in shape and is composed of bare soil .  The photograph at the right is an example of a 

good ditch because it is parabolic in shape and is vegetated. 

igure 42. The photograph at the left is an example of a bad culvert because it is  

e po ed, caved in,  rusting, and full of debris. The photographs at the upper and 

lower r ight are examples of good culverts because they are of proper size and 

depth and are clear of debri . 
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(Figure 4 1 ) . Additional ditching was considered necessary if obstructions prevented water from 

leaving the road surface or if ditches were not present in an area that required them. 

Culverts are another road feature that CEAT examined. Culverts are necessary to carry 

runoff and natural flowing sources of water under roads to prevent erosion of the road bed. Properly 

placed and functioning culverts drastically reduce the amount of sediment that could be transported 

by the water as it runs over the road. CEAT assessed the overall condition for every culvert present. 

Characteristics considered were condition, proper size, amount of sediment present inside,  and 

amount of coverage above the culvert. Ideal culverts are large enough to carry peak flows, clear of 

large amounts of sediment, free of rust and holes, and covered with at least one foot of material 

(Figure 42) . If there was any evidence of erosion, such as road washouts at low points, the road was 

classified as more culverts needed (Appendix 0). 
Water diversions direct runoff away from the road surface and into the surrounding vegeta­

tion (See Introduction : Roads) .  Diversions greatly reduce the amount of water traveling down road 

surfaces,  and potentially, into a lake. Water diversions are particularly useful on steep sections of 

road leading directly down to a water body (Figure 43) .  They also help to reduce erosion of camp 

roads . The score for water diversions was calculated by determining the need for more diversions 

and the location of diverted runoff. 

Figure 43. The photograph at the left shows an 
area where a water diversion is necessary due 
to the steep grade and existing erosion. The 
photograph above shows an appropriate water 
diversion. 

Erosion potential is a measure of how much a road potentially contributes to sedimentation 

and runoff. The product of the road slope and length determined this number and is independent 
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from the Erosion Potential Model created by CEAT (See GIS Assessment: Erosion Potential Model). 

The road slope was measured in percent grade using a cl inometer. The length of each section was 

measured with a distance wheel . The roads segment average was calculated using the scoring grid on 

the detailed survey form (Appendix 0). The grid weights potential phosphorus loading for longer 

and steeper sections to quantify the impact of erosion on each surveyed road. Weighted values can 

then be used to compare the erosion potential of roads . 

After al l of the roads were surveyed, they were divided into categories based on their total 

road score. The divisions are as follows:  0 to 37 ideal , 38 to 1 26 acceptable, 1 27 to 3 12 risk, 3 1 3  to 

626 high ri sk, 627 and above severe risk. These groupings were based on the guidelines set forth by 

the MDEP. 

Results and Discussion 

CEAT surveyed 14 camp roads and seven paved roads. Although there are only  half as many 

paved roads, they amount to almost twice the area of the camp roads . The total area of gravel roads 

surveyed in the Lake George and Oaks Pond combined watersheds was 1 1 .40 acres and paved roads 

surveyed comprised 22.55 acres (Appendix P) . The paved roads in the watershed were generally in  

better condition than the camp roads . Nonetheless, proper maintenance of both road types i s  re­

quired to sustain road surfaces and prevent erosion and phosphorus loading. 

The range of possible total road scores using this  survey is  17 to 935 .  The totals for camp 

roads ranged from 84 to 5 14 .5 .  Based on the total road score each road was classified as either ideal , 

acceptable,  ri sk, high ri sk, or severe risk (Figure 44; Table 7) .  In this  study there were two accept­

able  roads, nine risk roads, and three high ri sk roads. No roads were classified as ideal or as severe 

ri sk. There are fewer camp roads in the Lake George and Oaks Pond combined watershed in com­

parison to Lake Wesserun�ett ; however, the roads in the Lake George and Oak Pond combined 

watersheds are of poorer quality (BI493 200 1 ) . 

The scores for erosion potential do not have a maximum value. Erosion potential i s  depen­

dent on the length and slope of the road. In this  survey, the values ranged from 950 to 43 ,050 for 

erosion potential . The range of the road segment average was 6 .3 to 14 .2 .  This  value represents the 

mean erosion potential score for a section of each individual road and is useful in comparing the 

condition and the phosphorus loading capabi l i ty of roads. 

Maintenance is essential for all roads . The ratings given to the roads in the Lake George 

water hed can be used to help prioritize the order in which repairs should be made. Roads with high 

erosion potentials should be c lose ly monitored. Proper maintenance and repair i s  imperative and 

wi l l  lead to improved water quality for the combined watershed. The following is a list of roads at 

ri k based on our analysi s by ascending total road score by category, and suggested repairs . Al­

though not inc l uded in our ranking, roads that lead directly to the shore l ine, or tributaries, should be 

fi r t addres ed. 
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Road Quality 
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Figure 44. Condition of roads in the Lake George and Oaks Pond watersheds based on a 
detailed survey, which includes surf ace, ditching, culverts, water diversions, and erosion 
potential and road ranking data from Table 7. See Roads: Methods for risk assessment 
and Appendix 0 for detailed survey form. 
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Table 7. Individual rankings of detailed road survey. Total scores were determined using the detailed survey 

(Appendix P). 

Road Name 

Hi2h Risk 
Woodcock Ln. (FL #4) 
Chickadee Ln. (FL # 1 )  
Ray 's  Rd. 

Risk 
Zikorus Dr. 
Kingfisher Ln. (FL #1)  
Lake George East 
South Log Rd. East 
Pheasant Ln. (FL #3) 
Notch Rd. 

Loon Ln. (FL #5) 

Blue Heron Ln. (FL #2) 

Lake George West 

Acceptable 
South Log Rd. West 

North Log Rd. West 

Surface 
Total 

300.0 
300.0 
225 .0 

1 52.5 
1 10.0 
100..0 
48.7 

1 30.0 
1 1 3 .0 

45 .0 

100.0 

1 35.0 

56.0 

26.0 

Ditching Culvert 
Total Total 

1 25 .0 49.5 
88.0 57.8 
67.5  19.0 

85.0 27 .0 
1 25 .0 24.0 
94.5 17 .6 
92.0 1 0 1 .3 
72.0 1 8 .0 
93.0 1 .0 
75 .0 76.0 
46.5  3 1 .9 

5 .0 7.0 

48.0 1 .0 

5 1 .0 1 .0 

Water Erosion Potential 

Diversion Road Total Segment 

Total Total Score Average 

40.0 5 14.5 6 100.0 6.6 

1 2.0 457.8 1 1400.0 10.5  

1 2.0 323 .5 43050.0 9.9 

1 8 .0 282.5 7000.0 1 1 .4 
16 .5 275 .5 1 1400.0 1 0.5  
50.0 262. 1 8400.0 9. 1 

9.0 25 1 .0 5400.0 8.4 
30.0 250.0 4500.0 10.0 
10.5 2 1 7 .5 2000.0 9.3 
6.0 202.0 2300.0 7.4 
7.0 1 85.4 1050.0 1 2.5  
4.0 1 5 1 .0 1 000.0 8.0 

4.0 109.0 7400.0 1 4.2 

6 .0 84.0 950.0 6.3 



High Risk Roads 

Ray's  Road 

• Surface needs work - road grading, rebuild  crown, and berm removal 

• Water diversions need to be added to avoid road erosion 

• Maintenance i s  necessary because of very high total erosion potential score 

• High segment total , mostly due to length 

Chickadee Lane (Fire Lane # 1 )  
• Surface needs work - potholes need to be fil led, crown reestablished, and berms should be 

removed 

• Ditches need to be parabolic  and vegetated 

• Culverts need to be l arger in diameter and buried deeper 

• Particularly high total erosion potenti al and segment average scores reflect need for regul ar 

maintenance 

Woodcock Lane (Fire Lane #4) 

• Surface needs work - ruts should be fil led in ,  crown reestabli shed, and berms removed 

• Ditches need to be buil t  

• Culvert needs replacing and more cover 

Risk Roads 

Lake George West 

• Surface needs work - crown needs to be reestablished and potholes need to be fil led in  

B l ue Heron Lane (Fire Lane #2) 

• Surface needs work - berm removal needed in places and crown needs to be rebui lt 

• Some di tching needed 

• Additional water di versions needed 

• Because of high erosion potential  scores, maintenance i s  needed 

Loon Lane (Fire Lane #5 ) 

• Surface needs work - crown needs to be rebui l t  and berms should  be removed 

• Cul verts need to be larger and replaced deeper in the ground 

• Some di tching needed 

tch Road 
• Surf ce needs work - ruts need to be fi l led in and berm removal needed 
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• More ditches needed and current ditches need to be more parabolic 

Pheasant Lane (Fire Lane #3) 
• Surface needs work - potholes need to be fil led, crown improved, and berm removal needed 

• Needs some more ditching 

South Log Road East 

• Surface needs work - ruts need to be fil led and berm removal needed 

• Some ditching necessary 

• Culverts need to be larger, replaced deeper, and cleaned regularly 

Lake George East · 

• Surface needs work - potholes need to be filled and requires some berm removal 

• Some ditching necessary 

• Many additional water diversions needed as runoff water flows directly into the lake 

Kingfisher Lane (Fire Lane # 1 )  
• Surface needs work - berm removal needed 

• Some ditches needed and current ditches need to be parabolic and vegetated 

• Particularly high total erosion potential and segment average scores reflect need for regular 

maintenance 

Zikorus Drive 

• Surf ace needs work - potholes need to be filled and berms removed 

• Road needs proper ditching 

• Old culverts need to be replaced 

• High segment average indicating a need for regular maintenance 

Acceptable Roads 

There are only two roads present in this  category, North and South Log Rd. West (Table 7).  

The major contributor to their score was the surface and ditch total . These roads need to have their 

berms removed and more ditches to be built and vegetated. Additional culverts were not deemed 

necessary on either of these roads and both appeared to have proper water diversions . These roads 

also appeared to be newly built or repaired which lead to their high scores. These two acceptable 

roads are not a threat to the overall water quality of the lake but proper maintenance is stil l  necessary 

in order to preserve water quali ty. 
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Methods 

CEAT created two trail maps of the west and east sides of LGRP to catalogue park resources 

and to help develop educational opportunities for public  visi tors . These maps were produced using 

Garmin® Global Positioning S ystem (GPS)
-
1 2CX units.  Data were collected on 1 9-Sep-0 1 and 24-

Sep-O 1 .  Geographic coordinates were recorded at each of the labeled intersections and between trail 

intersections in  LGRP. These data were saved as a database file  (DBF) and i mported into Environ­

mental Science Research Institute (ESRI) Arc View® GIS 3 .2 software (See GIS Assessment: Meth­

odology).  

Existing LGRP trail maps obtained from Bob Hubbard were scanned, i mported, and geo­

referenced to the basemap using Arc View. CEAT overlaid these maps onto the watershed map 

containing the new geographic coordinates. A new line theme was created and used to create a best 

fi t l ine based on ground truthing. 

CEAT imported additional coordinates which correspond to various park resources including 

bathrooms, parking lots , trail heads, picnic areas, basketball and tennis courts , vernal pools,  and the 

park office. These data were imported using the same methods for importing trail data. Symbols  

were imported into the legend to represent each park resource. The auto labeling function was then 

used to display numerical elevation values on selected USGS contour lines.  

Two maps were produced and labeled Lake George Regional Park East and Lake George 

Regional Park West (Figures 45 & 46) . These maps contain detailed information on the trail systems 

and locate sites of important interest within Lake George ·Regional Park. CEAT wil l  present these 

maps to LGRP Manager, Bob Hubbard, and wil l  recommend that they be distributed as a resource 

for park visitors . A natural history guide containing information about forest and vernal pool ecol­

ogy was also produced (Appendix Q). CEAT will recommend that these guides be made avai lable as 

an educational resource to the public . 

Results and Discussion 

Lake George Regional Park occupies 275 acres in the towns of Canaan and Skowhegan . The 

land is owned by the state and leased to the two towns (Warren 200 1 ) . The park faci lity i s  currently 

managed by Bob Hubbard who was hired as the principal Park Manager in 1 993 by the non-profit 

Lake George Corporation . Nancy Warren was hired to serve as Park Director. Aside from Hubbard, 

Warren, and the LGRP advisory board, the park relies on part time help, volunteers, and interns.  In 

1 994 an internship program was establi shed in cooperation with Unity Col lege, providing students 

with educational opportunities to participate in park management and service learning projects 

Warren 200 1 ) . Due to l i mited funds which are deri ved main ly  from entrance fees, grants and gifts , 

Hubbard notes the chal lenges that have arisen in managing the park with a smal l staff. Enforcing 
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Figure 45. Map of Lake George Regional Park East including trails and sites of 

i._.portant interest. 
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Figure 46. Map of Lake George Regional Park West including trails and sites of important 
interest 
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snowmobile and four wheeling restrictions is one of these challenges.  The implementation of proper 

drainage devises and other erosion control mechanisms have also been restricted by the park's  

limited funding (Hubbard, pers . comm.) .  Despite these l imitations, LGRP has constructed a berm on 

the east beach which has mitigated the impact of runoff from the sloped paved parking lot. 

The park is divided into two sections, Lake George East and Lake George West. 

Lake George East contains the following areas of public interest (Figure 45) :  
• a public boat launch with a small dirt parking area 

• restroom facilities 

• a public beach with one large paved parking lot 

• tennis courts 

• a vernal pool 

• a trail network with three trai lheads labeled A, B ,  and T, and two small dirt parking areas 

near trai lheads A and B 

• a house along the shoreline for summer interns 

Lake George West contains the following areas of public interest (Figure 46) :  
• a small public beach and picnic areas 

• restroom facilities 

• park office 

• basketball court 

• tennis court 

• a paved parking lot 

• a trail network with three trai lheads 

• two buildings between backshore trai lheads 

• several buildings near the shore 

CEAT highlighted a number of management concerns related to their impact on the water­

shed in its analysis of park resources . The condition of the east side road, and the effects of parking 

along thi s  road were noted by CEAT as potential sources of erosion and runoff into Lake George. 

The surface condition and slope of the dirt parking lots on the east side have raised additional con­

cerns pertaining to their role in enhancing runoff. The boat launch located on the east side was also 

noted for i ts width, erosion potential, and abi l ity to enhance nutrient loading into Lake George. 

General Land Use Comparisons 

Comparisons can be made between the Lake George and Oaks Pond watersheds and previous 

CEAT studies of other watersheds in central Maine (Table 8). The Lake George watershed has more 

transitional land than the other watersheds . Mature forest constitutes 52.09 percent of the watershed, 

which is  the lowest of all previously studied watersheds . This  low percentage could negatively 
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i mpact water quality because mature forest i s  the most efficient for absorbing runoff and preventing 

erosion in comparison to other land use types.  Developed land comprises 1 .39 percent of the water­

shed, which i s  the lowest of all watersheds previously studied. Cleared land, including agricultural 

and logged areas, occupies 1 .  7 1  percent of the watershed, which represents the lowest percentage of 

cleared land of previously studied watersheds. These low percentages have a positive effect on the 

water qual i ty of the lake. Developed and c leared lands lose some of the ability to absorb water and 

reduce erosion when trees are removed, resulting in  more nutrient l aden runoff entering the water 

body. Lake George has one of the lowest percentages of wetlands,  which could negatively impact 

the water quality because wetlands play an important role in preventing runoff from entering the lake 

and act as sinks for nutrients (See Introduction : Wetlands) . The Oaks Pond watershed follows the 

same land use patterns seen in the past studies without remarkable exception. 

Table 8. Percent of watershed covered by selected land use types for Lake George, Oaks 
Pond, Lake Wesserunsett, Messalonskee Lake, Long Pond - South Basin and North Basin, 
North Pond, Salmon Lake, and East Pond watersheds. Transitional land includes 
reverting, regenerating, and disturbed land. Developed land includes residential, 
industrial, commercial, and municipal land. Cleared land includes agriculture and logged 
land.1 Data were obtained from past CEA T studies (Bl493 1991,  1994- 2001). 

Land Use 
Type 

Wetlands 

Mature 
forest 

Lake 
George 

1 . 86 

52.09 

Transitional 42.66 

Cleared 1 .  7 1  
land 
Developed 1 .39 
land 
Roads 0.29 

Oaks 
Pond 

3 . 1 8  

72.90 

7 .53  

7 .73 

7 .68 

0.92 

Lake 
Wess. 

2 . 1 

6 1 .4 

1 1 . 8  

1 8 .9 

2.6 

0.5 

Mess. 
Lake 

1 3 .5 

58 .5  

4.0 

1 3 .9 

8 . 8  

1 .0 

Long Pond 
S. N. 

Basin Basin 
8 .3  4 .2  

5 8 .0 68.0 

27 .0 14 .5  

4 .8  3 .0 

6 .7 9.0 

1 .0 1 .0 

North 
Pond 

7 .0 

75 .0 

2 .0 

1 0.0 

4 .0 

1 .0 

Salmon 
Lake 

1 .0 

8 3 .0 

3 .0 

9 .0 

3 .0 

1 .0 

East 
Pond 

3 .0 

77 .0 

2.0 

14 .0 

2 .0 

1 .0 

1 The CEA T study of the Lake George and Oaks Pond combined watershed defines cleared land 
as logged land; for the sake of comparison to past CEAT studies, agriculture and logged land have 
been combined in this table. 
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G IS Assessment 

Methodolon 
Geographic Information Systems (GIS) are computer hardware and software applications that 

combine knowledge from geography, cartography, computer science, and mathematics (ESRI 

2000b ). A GIS is used to collect, manipulate, analyze, and model spatially located information for 

the display of digital information related to the surface of the Earth (ESRI 1 998) .  Although GIS 

products resemble paper maps, they are fundamentally different approaches to information organiza­

tion. Paper maps provide information on different geographical features such as roads, buildings, 

rivers, lakes,  marshes, vegetation cover, soi l type, and elevation. However, the information provided 

i s  only a visual representation of spatial relationships between and among features. GIS i s  a 'smart 

map'  that stores each feature as its own map or theme. These themes link to a variety of other 

information, allowing users to manipulate data for the creation of composite maps (Clarke 200 1 ) . 

Composite maps are themes layered in a manner that allows users to create multi -featured maps that 

display only specifically selected data necessary for specific analyses (ESRI 1 998) .  

The methods by which features are stored are important to GIS because the program recog­

nizes features as geographically referenced spatial data. Each data point represents a particular 

location on the Earth 's surface (ESRI 1 998) .  Geo-referencing data allows GIS to display theme 

information in the correct geographical location relative to other features on the earth . Data points 

were geographically referenced to information regarding the features ' spatial location on the Earth 's 

surface. 

Data may either be in vector or raster format. Vector data generally consist of zero, one-, and 

two-dimensional objects known as points, l ines, and polygons, respectively. Points are objects with 

discrete locations,  l ines are a series of spatially referenced point coordinates, and polygons are shape 

areas bounded by spatially referenced vertices (Clarke 200 1 ) . In contrast, raster data are based on 

grid cell units, or pixels .  Each pixel has an assigned value and location ; gridline intersections serve 

as spatial reference points for each pixel (ESRI 1 998).  The manipulation of both vector and raster 

data results in the effective construction of GIS products. 

CEAT's study on water quality and land use patterns affecting the Lake George and Oaks 

Pond watersheds uses Arc View® GIS 3 .2 computer program (Arc View), a product of Environmental 

Systems Research Institute (ESRI) .  Arc View manipulates both raster and vector data to create 

themes, composite maps, and models .  Scanned images and themes downloaded from a variety of 

sources were imported into the Arc View program to create a variety of maps and models for this  

study. 

Basic Maps 
Relevant information was gathered to create foundation maps, including a base map of the 

watershed area and a soil map for the area. These maps provide general information relating to the 
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watershed. CEAT derived and obtained additional data from these basic maps to create several 

models,  including the development model , erosion potential model ,  and logging suitabil ity model .  

Methods 

Base Map 

Data used in  base map development were acquired from the Maine Office of GIS website 

(MEGIS 200 1 ) .  Data were referenced in Universal Transverse Mercator (UTM) Zone 1 9  coordinate · 

system, in  meters, and in North American Datum of 1 983 (NAD83)  format. Such data were parti­

tioned by 75 minute United States Geological S urvey (USGS) quadrangles . Data were also arranged 

by thematic content; all the streams in the area arranged into a streams theme, similarly, all the roads 

are represented by another theme. Because the Lake George and Oaks Pond watersheds overlap two 

quadrangles (Canaan and Skowhegan),  data for each quadrangle were downloaded. These data 

include watershed boundaries, streams, rivers , lakes, roads, and elevation contours . After com­

pressed Arclnfo® data were downloaded from the MEGIS website (MEG IS 200 1 ), each data set was 

decompressed using WinZip and imported into Arc View as shape files using the Import7 1 TM util ity. 

The feature themes from each quadrangle were merged to create uniform features using ESRI 's 

GeoProcessing Wizard™ . These features were then combined to create a base map containing 

foundation data, including roads, streams, contours, lakes, rivers , and watershed boundaries .  Thi s  

base map is  visually similar t o  paper maps depicting the aforementioned features.  

Topographic Map 

A topographic map was created using the foundation data and the ESRI extension software 3-

D Analyst™. The 3-D Analyst extension creates a Triangulated Irregular Network (TIN) from the 

contour lines. TIN s represent surfaces using contiguous, non-overlapping triangle facets . Contour 

l ines are assigned a surface value for depth in relationship to other contour l ines . An estimate of the 

surface value is obtained by averaging node values of surrounding triangles, with more influence 

attributed to the c loser nodes (ESRI 1 999) . A 3-D geographic image is produced based on different 

colors assigned to a range of surf ace values and represented as elevation. The contour lines,  upon 

which the topographic map was created, are instrumental in determining the slope of an area. 

Soil Map 

Using a flatbed scanner, soi l data maps for the Lake George and Oaks Pond watersheds, 

provided by the United States Department of Agriculture (USDA) Soil Conservation Service (USDA 

1 972) were scanned into the computer as JPEG fi les. These scanned images were imported into 

Arc View and aligned to the base map. Rectification, the process of aligning scanned images to the 

base maps results in the geographical referencing of scanned images to locate features according to 

their actual position on the Earth.  The rectification process also resulted in the merging of soi l map 

images.  After rectification the soi l map was converted into a digital , geo-referenced soi l map by 
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tracing lines over the rectified images. These line segments formed polygons to represent different 

soil types .  Once digitizing was completed, the soil map image was removed from the background. 

The end product was a digitized soil map for the Lake George and Oaks Pond watersheds (Figure 

47) .  Soi l  types were c lassified based on the soil series to which each type belongs. The soil map i s  

an  important visual representation depicting the location of  dominant soil series and corresponding 

phases within the watershed area. Soil erodibility is  determined by the location of soils  along slopes 

in conjunction with specific information regarding soil characteristics .  

Soil type i s  an important determinant involved in potential land use decisions that will  affect 

a given area. A number of important soi l characteristics describe particular soil types and influence 

what land uses can be implemented on top of an underlying soil (USDA 1 972) . Such characteristics 

include soil texture, depth to bedrock, depth to water table, drainage abil i ty, and soil slope. Soils are 

classified into soi l series and soil phases. A soi l series i s  comprised of soils that have simi lar soil 

profiles. All soils  belonging to a series have major horizons that correspond in thickness, arrange­

ment, and other important characteristics .  Soil series are divided into soi l phases by their surface 

texture,  slope, and stoniness (USDA 1 972).  

Methods 

CEAT digitized the soi l  map of the Lake George and Oaks Pond watersheds (See Methodol-

ogy : Soi l  Map) . 1 5  different soi l series were identified in these watersheds. The 1 5  soil series were 

comprised of 2 1  individual soil phases. The following is a description of the characteristics of the 

soil series located within the Lake George and Oaks Pond combined watershed (USDA 1 972).  

The Adams soil series is characterized by nearly level to steep soils that are excessively 

drained. The depth to the bedrock is  greater than 6 ft and the depth to the water table is  greater than 

5 ft. The Adams soi l series was formed in thick deposits of sand. These soils are located on terraces, 

on the top and sides of eskers, on kames, and in outwash areas of rivers. Cropland and forested 

lands consisting primarily of white pine are the predominate land uses on Adams series soils (USDA 

1 972). 

The B angor soil series i s  characterized by low to moderate sloped soils that are well drained. 

The depth to both the bedrock and the water table is greater than 5 ft. The soil series is formed in 

silty glacial til l .  The Bangor series is found on smooth upland ridges east of Skowhegan. Cropland 

and forested lands consisting of mainly northern hardwoods, spruce, and fir are the predominate land 

uses on the B angor series soils (USDA 1 972). 

The B iddeford soil series i s  characterized by nearly level soils that are very poorly drained. 

The depth to the underlying bedrock is  greater than 6 ft and the water table remains at the soil sur­

face for most of the year. The soils  are formed in silty clay sediments consisting of a combination of 

marine and or lacustrine deposits. The Biddeford series is found in depressions of val leys.  These 
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Soll Serles - Phases 

..._________.. 

Adams - A a 
Bangor - Ba 

Bangor - Bg 
Biddeford - Bo 

- Buxton - Bu 
- Dixmont - Dx 
- Dixmont - Dy 

Limerick - Lk 
Mixed Alluvial Land - Mn 
Monarda - Mo 

1 Monarda - Mr 
Peat and Muck - Pa 
Plaisted - Pg 
Plaisted - Pr 
Rockland - Rt 

- Sc antic - Sc 

SkOW"hegan - Sk 
Thorndike - Tk 
Thorndike - Tp 

Thorndike - Tt 
- Walpole - Wa 

0 

s 

0.5 1 1.5 2 Miies 
-

Figure 47. Soil series and corresponding soil phases in the Lake George and Oaks Pond 

watersheds. See GIS: Soils for description of soil series and Table 9 for information on 

soil phases. The Lake George and Oaks Pond watersheds are outlined in black. Data 

adapted from USDA Soil Survey Maps Somerset County, Maine Southern Part (USDA 

1 972) and Maine Office of GIS (MEGIS 2001). 
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soils  support sedges ,  alders, and a few cedars (USDA 1 972). 

The Buxton soi l series i s  characterized by gently undulating to sloping soi ls  that are moder­

ately well-drained. The depth to the underlying bedrock is greater than 6 ft and the depth to the 

water table is 1 to 2 ft. The soi ls are formed in marine or lacustrine sediments or both . The B uxton 

series is found on dissected benches along ri;vers . Cropland is the predominate land use found on 

these soils  (USDA 1 972).  

The Dixmont soi l series is  characterized by nearly level to moderately sloping soi ls that are 

moderately well drained. The depth to the underlying bedrock is greater than 4 ft and the depth to 

the water table is greater than 1 .5 ft. These soils are formed in glacial ti l l .  The Dixmont series is 

found on gently rolling ridges . Cropland and forested lands consisting of northern hardwoods, 

spruce, and fir are predominately found on these soils (USDA 1 972).  

The Limerick soi l series is characterized by nearly level soi ls that are poorly drained. The 

depth to the underlying bedrock is greater than 6 ft and the depth to the water table is near the soil 

surface for the majority of the year. The Limerick series soils are formed in alluvium and are found 

along the bottomlands of ri vers and their tributaries. Cropland is the predominate land use on these 

soi ls (USDA 1 972).  

The Mixed Alluvial Land soi l series is characterized by nearly level soi ls that are very poorly 

drained and subject to frequent flooding. The depth to the bedrock is greater than 6 ft and the water 

table i s  at the soil surface for the majority of the year. The Mixed Alluvial Land series soi ls are 

formed in si lty and sandy material on flood plains along narrow streams. Forested land is  the pre­

dominate land use located on these soi ls (USDA 1 972) . 

· The Monarda soi l series is characterized by nearly level to gently sloping soils that are poorly 

drained. The depth to the bedrock is greater than 4 ft and the depth of the water table is less than 1 

ft. The Monarda soi l series is  formed from si lty glacial ti l l  and is located in level areas, depressions, 

and seepage areas on ridges .  Cropland and forested land consisting of spruce and fir are the pre­

dominate land uses on these types of soi ls (USDA 1 972). 

The Peat and Muck soi l series is  characterized by nearly level soi ls that are poorly drained. 

The depth to the bedrock is greater than 3 ft and the depth to the water table is less than 1 ft from the 

surf ace during wet periods. The Peat and Muck series is formed from sphagnum moss and some 

reeds, sedges, and low shrubs in various stages of decomposition (USDA 1 972) . 

The Plaisted soil series is  characterized by gently to moderately sloped soi ls that are well 

drained. The depth to the bedrock is greater than 5 ft and the depth to the water table is 4 ft or more. 

The Plaisted series i s  formed in compact glacial til l  and is  found on ridges. The predominate land 

uses are croplands,  pasture lands, orchards, and forested lands consisting of northern hardwoods 

(USDA 1 972).  

The Rockland soil series is  comp<?sed of out-crops of bedrock material with a very shallow 

layer of soi l .  The soil i s  well to excessively drained and experiences rapid runoff. The depth to the 

bedrock is less than 1 ft and the bedrock separates the soil from the water table. This series is rela-
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tively poorly suited for all l and uses (USDA 1 972). 

The Scantic soil series is characterized by level to slightly undulating soi ls  that are poorly 
drained. The depth to the bedrock is greater than 6 ft and the depth to the water table i s  less than 1 

ft . The Scantic series i s  formed in marine and lacustrine sediments and found on swales and plains .  
Adapted hay and pasture plants are the predominate land uses on this  soil (USDA 1 972).  

The Skowhegan soil series i s  characterized by level to gently  undulating soi ls  that are moder­
ately well drained. The depth to the bedrock is greater than 5 ft and the depth to the water table i s  
between 1 .5 ft and 2 ft. The Skowhegan series i s  formed in  thick sandy deposits and i s  found in  
terraces of  river valleys . Cropland i s  the predominate land use (USDA 1 972).  

The Thorndike soi l  series i s  characterized by level  to steep soil s  that are well drained to 
excessively drained. The depth to the bedrock i s  about 1 .5 ft and the depth to the water table is  
greater than 3 ft. The Thorndike series i s  formed in glacial til l  and found on ridges. The predomi­
nate land use is  forestland consisting of  northern hardwoods, spruce and fir; however, croplands, 
pastures and orchards are also found in  this  soil series (USDA 1 972). 

The Walpole series i s  characterized by level or depressed soil s  that are poorly drained. The 
depth to the bedrock is greater than 6 ft and the depth to the water table is near the soil surf ace. The 
Walpole series is formed in outwash sands and gravel . This series is found primari ly in river valleys. 
The predominate land use is forested land consisting of spruce, fir and pine (USDA 1 972). 

Results and Discussion 

Lake George Watershed 
The Thorndike (34 percent) , Plaisted (28 percent), Dixmont ( 1 7  percent), Rockland (7 per­

cent), and Monarda ( 4 percent) soi l series comprise the majority of the Lake George watershed 
(Figure 4 7) .  The Thorndike series is found on both the west and the east sides of Lake George and 
in the northern section of the watershed. The Plaisted series is found throughout the northern section 
of the watershed and immediately surrounding the southern portion of Lake George. The Dixmont 
series is found scattered throughout the northern section of the watershed. The Rockland series is  
found in the northwest and the east sections of the watershed. Monarda i s  found scattered through­
out the northern section of the watershed. Bangor, Limerick, Mixed Alluvial land, Peat and Muck, 
and Walpole soi l series are found in the Lake George watershed but each constitute less than one 
percent of the watershed. 

It i s  apparent from analysis of the characteri stics of the major soil series found within the 
Lake George watershed that a number of common problems exist for future development in the 
watershed. Such problems incl ude a shallow depth to bedrock, rocky outcrops, low soi l permeabi l ­
i ty teep lopes,  and h igh water tables. In  addition , al l of the major soi l series except for Rockland 
h ve low to medium K factor val ues and are inherently more resi stant to soi l erosion (Table 9).  

The K factor of a particular soi l describes the soi ls inherent abi l i ty to erode (Lal 1 990) .  The 
h igher the K factor val ue the more susceptible the soi l is to erosion .  

Biology 493: La ke  G o r  e and Oaks Pond Page 1 44  



Oaks Pond Watershed 

The Thorndike (45 percent) , Dixmont ( 1 4  percent) , Monarda ( 14 percent) , Bangor (9 per­

cent) , and Plaisted (6 percent) soil series comprise the majonty of the Oaks Pond watershed (Figure 

47) .  A large track of Thorndike is found along the northern section of the watershed and smaller 

scattered areas exist in both the west and east sections of the watershed. Dixmont is primarily found 

scattered throughout the west section of the watershed with some found north of Oaks Pond and in 

the east section of the watershed. Areas of Monarda are found scattered throughout the entire water­

shed. B angor is found only west of Oaks Pond in scattered areas . Plaisted is found in the eastern 

section of the watershed. The B iddeford, Buxton, and Scantic soi l series each comprise between one 

and five percent of the watershed, while the Adams, Mixed Alluvial land, Peat and Muck, Rockland, 

Skowhegan, and Walpole ea '"'h make up less than one percent of the watershed. 

A number of common problems exist for future development on the major soil series found 

in the Oaks Pond watershed. Problems include a shallow depth to underlying bedrock, rocky out­

crops, low soil permeabi l ity, steep slopes, and high water tables . The Bangor series offers the most 

potential for development because it has a deep layer of soil above both the bedrock and water table. 

It also has a moderate permeability. With the exception of Bangor (very stony silt loam), all of the 

maj or soi l series in the Oaks Pond watershed have low to moderate K factor values and are inher-
1 

ently resilient to soi l erosion . 

Development Suitability Model 

Concerns have been raised that the Lake George and Oaks Pond watersheds wil l  be unsuitably 

developed, having a severe impact on the watershed, in future years . The development suitability 

model i s  a crucial tool in assessing current and future development plans . From this  model , potential 

developers can determjne where suitable development, that which has the least amount of impact on 

the watershed, can occur. The development suitability model combines the soil type and the percent 

slope in a given area yielrung a development suitability rating (USDA 1 972) . In order to combine 

the soil type and the slope, the GIS team used a program within ESRI 's  Arc View® 3 .2 Spatial 

Analyst called ModelBuilder. 

Methods 

The model building process consists of four stages :  converting contours of the watershed into 

a slope theme, converting the digitized USDA soil map into a grid based format, combining the slope 

map and the USDA soi l map in grid format, and applying the development ratings to the soil/slope 

map (Figure 48) .  The first step in this  process required converting the contours of the watershed 

from the Maine Office of GIS website into a TIN (See Methodology). The TIN was then converted 

into a grid format. Converting the vector data into a grid format was required for ModelBui lder to 

read the data (ESRI 2000a) . This  grid format was entered into a formula that calculated the percent 
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Figure 48. Flow chart depicting the steps taken in the creation of the 
development suitability model. Rectangular boxes indicate data that were 
inputted into ModelBuilder. Oval s represent functions that are p erformed by 
ModelBuilder. Rounded rectangular boxes are output data that are generated 
by ModelBuilder. Figu re adapted from ModelBui lder. 

slope, using ModelBuilder. The percent slope was divided into three categories that were used by 
the USDA in the development ratings : 0 to 8 percent, 8 to 15 percent, and 1 5  to 90 percent. 

The second step required converting the digitized USDA soil map, which is  in a vector 
format, into a grid format. This conversion was executed in_ModelBui lder (ESRI 2000a) . The third 
step required the combination of the slope map (grid based) from step one with the grid based soil 
map from created in two. In ModelBuilder, the arithmetic overlay function then combined the soil 
map with the slope map forming a new theme that contains both slope and soil type (ESRI 2000a) . 

The fourth step required the application of ihe development ratings to the map created in step 
three . The development suitabi lity ratings were determined by a weighted average of the following 
soi l potential s :  45 percent septic tank absorption fields, 20 percent dwellings with basements, and 35 
percent local roads and streets (USDA 1989) . The soi l potentials for each criteria (septic, dwelling, 
and roads) were classified as sl ight, moderate, or severe .  Slight indicates that the soi l has no l imita­
tion to the specified use while severe indicates that the soi l has serious limitations to the specified 
use (USDA 1 972). The ratings for each criterion were converted into a number so that they could 
then be weighted (slight= I ,  moderate=5 , and severe=9). After the three criteria were weighted, they 
were placed into one of fi ve categories for the development ratings (very high= l ,  high=3 , moder­
ate=5 low=7, and very low=9). Very high indicates a rating that is more suitable for development, 
and very low i ndicates a rating that is  less sui table for development in the current state without 
mitigation efforts (Appendix R).  

Results and Discussion 

The development sui tabi lity model (Figure 49) denotes the areas best suited for development 
in light red and those that are most poorly suited in dark red. The Lake George and Oaks Pond 
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Figure 49. Development suitability model of the Lake George and Oaks Pond 

watersheds. Development suitability identifies areas best suited for residential 

development without additional mitigation etTorts. These ratings were derived from 

slope and soil types. The Lake George and Oaks Pond watersheds are outlined in black. 
Data adapted from USDA Soil Survey Maps Somerset County, Maine Southern Part 

(USDA 1 972), and Maine Office of GIS (MEGIS 2001). 

Biology 493: Lake George and Oaks Pond Page 1 47 





combined watershed has very little potential for development without mitigation. This  low develop­

ment potential can be attributed to the dominant soil in the watershed {Thorndike very rocky silt 

loam), a very shallow soi l layer that is only 8 inches to 10 inches deep. Because the shale bedrock is 

so close to the surface, it is  difficult for basements or septic systems to be installed in the Thorndike 

soil series (USDA 1 972). The suitable areas for development are located in the Bangor silt loam (3 

to 8 percent) , the B angor very stony silt loam (3 to 8 percent), and the Thorndike-Bangor silt loams 

(3 to 8 percent) soil types which have a soil layer that is approximately five feet deep. These suit­

able soils  are found scattered throughout the combined watersheds and are typically already devel­

oped. CEAT recommends that any future development that might occur in the Lake George and 

Oaks Pond combined watershed be careful ly considered to mitigate potential impacts on lake water 

quality. 

Erosion Potential Model 

The Lake George and Oaks Pond combined watershed is composed of a variety of different 

soi l types, slopes, and land uses. The K factors corresponding to individual soils types, the degree of 

slope of the landscape, and land use types are al l essential elements that influence the erodibi lity of 

specific  areas located within the watershed. The K factor value describes the inherent tendency of a 

soil type to erode (Lal 1990) .  Modeling the erosion potential of a watershed is important because 

erosion is a significant source of phosphorous loading, the major cause of the eutrophication of 

Maine lakes (TLEA 1 999). CEAT used Arc View and ModelBuilder, an extension of Arc View, to 

combine the K factor values, slope, and land uses into an erosion potential model.  The model 

visually displays the levels of erosion potential , from very low to very high, that exist within the 

Lake George and Oaks Pond watersheds . 

Methods 

Information regarding the soi l type, land use, and slope of the landscape, were acquired from 

a variety of sources . A soi l type map and a contour line map of the Lake George and Oaks Pond 

combined watershed were obtained from the Maine Office of GIS website (MEGIS 200 1 ) . CEAT 

created a land use map using Digital Orthophoto Quads (See Land Use Patterns:  Methodology). The 

steps taken in creating the erosion potential model from the three input factors are described in 

(Figure 50). All three of these factors were imported as individual themes in Arc View and clipped to 

match the combined watershed boundary. 

A slope map was generated from the contour l ine map that was obtained. As described 

previously, the contour map was first converted to a Triangulated Irregular Network (TIN) theme in 

Arc View. A TIN describes the elevation of a particular area by depicting geographic areas as differ­

ent colors depending on which range of elevation the area lies within . The TIN was imported into 

ModelBuilder as a form of input data that could be processed from a vector into a grid format. 

Finally, ModelBuilder was used to produce output data in the form of a slope map theme in grid 
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format (Figure 50) . 

The land use and soi l type data were also converted from a vector into a grid format. B oth 

themes were imported into ModelBuilder as input data and subsequently processed into output data 

in the grid format (Figure 50). 

Figu re 50. Flow chart depicting the steps taken in the creation of the erosion 
potential model. Rectangular boxes i ndicate data that were inputted into 
ModelBuilder. Ovals represent functions that are perfor med by ModelBuilder. 
Rounded rectangular boxes are output data that are generated by ModelBuilder. 
Figu re adapted from Mo deIBuilder. 

Soi l type, land use , and s lope data were then combined using the weighted overlay function 

in ModelBui lder to generate the erosion potential model (Figure 50). The three data types all exist 

on a separate set of value scales :  K factor values for soil type, land use types, and degree of slope for 

the landscape . The three themes of data in grid format were converted into a universal erosion 

potenti al ri sk scale so ModelBui lder could combine the three factors in the overlay process .  A scale 

of one to nine was assi gned to all three factors in the model . One represented the least ri sk of ero­

sion and nine represented the h ighest ri sk of erosion.  This scale provides a wide enough range to 

prevent overlap in erosion potentials  between different K factors , slopes, and land uses. 

The s lope of the landscape grid was di vided into four-degree increments to assign erosion 

potential ri k val ues on a scale of one to nine. S lope was divided into eight four-degree increments 

up to 32 degrees. Becau e no slope in the Lake George and Oaks Pond combined watershed was 

teeper than 36 degrees the ninth increment extended from 32 to 90 degrees to include all possible 

lope in the model .  The slope increment of zero to four degrees was assigned an erosion potenti al 

rank of one and the increment of 32 to 90 wa gi ven an erosion ri sk value of nine. 
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Land use types were ranked on the one to nine scale based on their inherent tendency to 

contribute to erosion . Wetlands and mature forests were assigned the minimum risk erosion poten­

tial value of one. The dense vegetation in wetlands slows water flow and allows sediment to settle 

out of water column and nutrients to be absorbed and stored within plant tissues before reaching the 

lake. The network of root systems stabi l izes and prevents the underlying soil from eroding. In 

mature forests, large numbers of trees and other vegetation provide vast root networks that anchor 

the soil and absorb nutrients from the soi l .  A thick stratified canopy minimizes the erosion effects of 

pounding rain .  As a result, mature forest is the land use type that is  least l ikely to contribute to 

phosphorous loading. Transitional forest land received a risk value of four because gaps exist in the 

canopy and there are fewer trees and other vegetation to anchor the soil and absorb nutrients . Re­

generating land was given an erosion potential value of six because it is in the early to mid stages of 

succession and has yet to de elop into a transitional forest. It is  characterized by a sparse canopy 

and an even-aged stand of vegetation . Reverting land was assigned a value of seven because it  was 

previously agricultural land that is now fallow and pioneer species are just beginning to colonize . It 

is characterized by low density, new growth and a lack of mature trees. Cleared lands, agricultural 

land, and ski slopes received a risk value of eight because they all consist of areas currently cleared 

of a large proportion of the previously existing vegetation . Roads, residential , commercial and 

municipal land use areas were al l given a classification of nine, the highest erosion potential value . 

These land uses are characterized by a lack of vegetation and the presence of impervious surfaces 

that reduce the percolation of the water into the soil and increase runoff. 

Soil  types were assigned an erosion potential value based on the K factor values of specific 

soils .  The K factor describes a soi l 's inherent susceptibility to erode. It i s  a function of soi l texture, 

structure, permeability, organic mater content, and clay mineral content (Lal 1 990) . K factor values 

range from zero, for non-erodible soils,  to one for highly erodible soils (Table 9). K factors for the 

soils located in the Lake George and Oaks Pond combined watershed were between 0.00 and 0.45 ; 

consequently, i t  was necessary to reclassify them on the universal one to nine scale by creating nine 

ranges of 0.05 . The lowest erosion potential value of one was given to the range of 0.00 to 0.05 and 

0.40 to 0.45 was given the highest erosion potential value of nine. 

The final step involved in combining the soil type, the land use type, and the slope data was 

to assign the relative weight of influence for each of the factors on the susceptibility to erosion of a 

given geographic area. Slope was weighted the highest, comprising 50 percent influence, while both 

land use type and soil type were weighted as 25 percent influence for a total of 100 percent influence 

on the final erosion potential model (ESRI 2Q00a). Slope was weighted more heavily than both land 

use and soil types because a steep slope can lead to significant erosion independent of land use or 

soil types that exist in a specific geographic area. 
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Table 9. Soil phases of Lake George and Oaks Pond watershed, their representative soil 
series (USDA 1972), their corresponding K factors (USDA unpublished data),  and the 
reclassified K-factors on a 1 to 9 erosion potential scale. 

Reclassified 

Soil Phase Soil Series Composition K-factor K-factor 

Aa Adams loamy sand 0 . 2 1  5 
B a  B angor silt loam 0.25 6 
Bg B angor very stony silt  loam 0.4 1 9 
Bo  B iddeford silt  loam 0.32 7 
B u  B uxton silt loam 0.4 1 9 
Dx Dixmont si l t  loam 0.22 5 
Dy Dixmont very stony si l t  loam 0.24 5 
Lk Limerick  silt loam 0.32 7 
Mn Mixed Al luvial silty and sandy material NIA NIA 

Land 
Mo Monarda silt loam 0.25 6 
Mr Monarda very stony silt  loam 0 .26 6 
Pa Peat and Muck sph agnum moss and <0. 1 0  1 

decomposing plant matter 
Pg Plai sted gravelly loam 0.26 6 
Pr Plai sted very stony loam 0.26 6 
Rt Rockland bedrock outcrops in Thorndike 0.4 1 9 

and Lyman materials 
Sc Scan tic silt loam 0.4 1 9 
Sk Skowhegan loamy fine sand 0 . 1 7  4 
Tk Thorndike very rocky silt loam 0. 1 7  4 
Tp Thorndike loam 0 . 1 7  4 
Tt Thorndike silt loam 0. 1 7  4 

Wa Walpole fine sandy loam 0.24 5 
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Results and D iscussion 

The light pink areas in  the erosion potential model, such as the western and southern sections 

of the combined watershed surrounding Lake George and Oaks Pond, indicate areas of very low 

erosion potenti al (Figure 5 1  ). Areas of low erosion potential are characteri zed by level to gentle 

slopes in  combination with low erodible soils and land uses that maintain a significant amount of 

natural vegetation in the area.  The areas of dark red, such as the western shore of Lake George, the 

ski slope, and the northwest portion of the watershed, indicate areas of very h igh erosion potenti al. 

High erosion potential areas are characterized by a steep slope in combination wi th highly erodible 

soils and land uses that remove signi ficant portions of the vegetation in the area.  A steep slope in  

combination with ei ther a h ighly erodible soil or  a land use that removes vegetat ion can outwei gh 

ei ther a low erodible soil or a natural land state . The result can be h igh erosion potential, as shown 

on the steep slopes of res idences located on the low erodible Thorndike soil .  The majori ty of the 

Lake George and Oaks Pond combined watershed i s  characterized by moderate erosion potential .  

The Lake George watershed i s  characteri zed predominately by moderate erosion potenti al 

(Figure 5 1  ) .  Areas of high erosion potential exist along the western shoreline of Lake George, to the 

east of Lake George, and in  the northwest comer of the watershed. These areas are characteri zed by 

steeper slopes and ei ther a land use that involves the clearing of vegetation or an inherently h igh 

erodible soil type such as Rockland. The majori ty of the northeast section of the watershed has low 

to moderate erosion potenti al. This  area is dominated by more gentle slopes, mature or transit ional 

forests, and soils with low to moderate suscepti bili ty to erosion . 

The majori ty of the Oaks Pond watershed has low to moderate erosion potenti al because a 

s ignifi cant portion of the watershed i s  characterized by gentle slopes (Figure 5 1 ) . The ski slope 

represents the only area of very h igh erosion potenti al which i s  expected because the land has been 

cleared in addi tion to being steep.  Moderately high erosion potenti al exi sts along the northeast 

comer of Oaks Pond. Moderately h igh erosion potenti al results from a relati vely steep slope and the 

presence of houses in  very close proxi mity to the pond, that often lack adequate buffer strips .  Areas 

of low erosion potential are found in the central portion of the Oaks Pond watershed that are domi­

nated by land characterized by level to  gentle slope, mature forests, and wetlands .  

A number of precautions can be  taken to  mitigate the negative effects that erosion can have 

on Lake George and Oaks Pond. The area of residenti al housing on the western shoreline of Lake 

George has a h igh erosion potenti al, and the close proximi ty of the lake can allow for a s ignificant 

amount of nutrient loading and sedimentation into the lake.  Improving the buffer strips along this  

area would reduce the amount of nutrients and sedi ment that  enters the lake and would help i mprove 

or maintain the water quality. Although the area of res identi al housing on the northeast comer of 

Oaks Pond is of moderately h igh erosion potenti al, the close proximity to the lake makes it a ri sk for 

negatively i mpacting the pond water quali ty. Improving the buffer strips in thi s area would help 

protect the lake. See Appendi x M for a li st of species that are i deally sui ted for buffer strips .  In 

areas of moderate to h igh erosion potential, future land use dec i sions should be carefully considered 
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Figure 51. Erosion potential of the Lake George and Oaks Pond watersheds, with roads 
and streams for geographical reference. Erosion potential was derived from soil type, 
slope, and land use data. Restricted represents areas where the erosion potential could 
not be derived because the K-factor value for the Mn soil phase was not available. The 
Lake George and Oaks Pond watersheds are outlined in black. Data adapted from 
USDA Soil Survey Maps Somerset County, Maine Southern Part (USDA 1972) and 

Maine Office of GIS (MEGIS 2001). 
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to ensure that these areas do not become more of a problem for the quality of the l akes within the 

watershed. Areas with buffering capabi lities should be established or maintained between al l areas 

of moderate to high erosion potential and water bodies . B uffer zones can prevent erosion and absorb 

nutrient l aden runoff before it reaches the l ake (See Introduction : Buffer Strips ) .  

Lo��in� Suitability Model 

According to 1 997 DOQ and data analysis  of land use, approximate ly  86 percent of the Lake 

George and Oaks Pond combined watershed is forested (See Land Use Assessment : Forestry and 

Logging) .  Nevertheless ,  logging in recent years has been restricted to a smal l area of the Lake 

George watershed. Much of the current logging occurs in the northern portion of the Lake George 

watershed, primari ly  in a lot owned by the logging firm, Plum Creek Timber Company, Inc . The 

firm has indicated a potential for additional logging (Ricker, pers . comm. ) .  Development within 

either of the watersheds would necessitate additional vegetation removal . Logging suitabi lity is an 

important factor in evaluating future land use decisions because it helps people to make informed 

choices regarding vegetation removal . Harvesting activities reduce vegetation cover and compact 

the soi l , leading to increa�ed runoff and erosion (El liot, Page-Dumroese, and Robichaud 1 999) .  

Many of the nutrients re leased from harvesting may be carried towards lakes as a result  of increased 

subsurface flow, streamflow, and channel erosion . These flow mechanisms are enhanced as a resul t  

of decreased evapotranspiration from vegetation loss stemming from construction of truck roads and 

skidder trai l s .  Soi l  types and phases are important in determining the amount and rate at which 

nutrients are lost (See GIS Assessment: Soi ls) .  Groundcover is an essential deterrent to soi l  mineral 

loss from erosion . Vehic les used in harvesting can reduce groundcover by 35 to 90 percent (El liot, 

Page-Dumroese , and Robichaud 1 999) .  This loss of groundcover effectively  increases the amount of 

nutrient loading into the water. A logging suitabi lity mode l was created to highlight areas better 

suited for logging and to assist landholders in minimizing the damaging effects that often result  from 

l ogging . The amount, age,  and maturity of the vegetation , as wel l  as the soi l  and s lope of the water­

shed must be considered in logging suitability modeling . These criteria were considered and a 

logging suitability mode l was created using ModelBui lder. 

Methods 
Logging suitabi lity modeling is a two-step process that involves importing the erosion poten-

tial model and the rec lassifying of information from the l and use map. A l and use map and an 

erosion potential model were created prior to logging suitability model construction (See Methodol­

ogy and Erosion Potential Mode l ) .  The erosion potential model represents the soil component of the 

Model B uilder flowchart (Figure 52) .  Data from the l and use map were manipulated so that only 

forested areas were rated for logging suitability. These data represent the forested area map input of 

the Mode lBui lder diagram (Figure 52) .  Based on a one to nine scale,  forested areas were ranked in 

increasing order of vegetation coverage . One represents very low vegetation cover and nine repre-
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Results and Discussion 
I t  i import a n t  t o  on id r th I ggmg uita i l it f a n are a ' hen e a luat ing future l oggi ng 

p l an s .  Log0 i n g u it a bi l it t re n d  can be e n  on t he l ogg in g uit a bi l ity  map Fi gure 5 3).  Areas of 

h i gh l ogging s u it abil it a re darke r in l or a n d  area f I ' loggi ng p te n t ia l  are represented by 

l i ghter shades .  ln genera l .  the Lake George a n d  Oak Pon d  combin  d watershed ha moderate to 

h i gh l oggi ng potent i a l . A reas -v i t h  ! owe t loggi ng ui tabi l i ty repre ented by the areas w i th the 

l i ghtest shadi ng. are typica l l y  underla i n by Rock l and and other sha l l ow soi l s  such as Thorndi ke ,  

D i xmont (very tony i l t loam) ,  and P lai sted ( ery stony l o a m )  (Fi gure 47 ) .  These areas typica l l y  

have h i gh s l ope and areas w i th re vert i ng o r  regenerat i ng forests (See Fi gure 31). Areas of h i gher 

l oggi ng sui tabi l i ty are characterized by low s lope and mature forests underl ai n w i t h  less erodib le  

soi l s .  

The Lake George watershed i s  predomi nate l y  moderate l y  sui table for l ogg ing  a s  a funct ion of 

h igh ly  erod ib le  soi l types ,  s lope i n tens i ty, and vegetat ion cover. The mode l shows l ow to moderate 

l oggi ng  sui tabi l i ty in the areas east and west of Lake George . Areas of l ow to moderate l oggi ng  

sui tabi l i ty are dominated by  trans i t i ona l  forests (See Figure 31) coupled wi th Thorndi ke soi l s  (Figure 
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Figure 53. Logging suitability of the Lake George and Oaks Pond watersheds, with roads 
and streams for geographical reference. Logging suitability distinguishes areas better 
suited for logging from areas poorly suited for logging. Logging suitability was derived 

from soil type, slope, and the amount of vegetation cover. The Lake George and Oaks 
Pond watersheds are outlined in black. Data adapted from USDA Soil Survey Maps 
Somerset County, Maine Southern Part (USDA 1972) and Maine Office of GIS (MEGIS 

2001). 
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47) .  Transitional forests represent patchy vegetation with incomplete canopy and medium-sized 

trees .  These trees general ly  do not have an extensive root system,  so the roots that are present 

cannot prevent the thin , 10 inch l ayer of Thorndike soi l  from eroding . These areas adjacent to Lake 

George are less suitable for logging due to proximity to water bodies and the low to moderate log­

ging suitabi lity rating . Logging of these areas could potential l y  increase sediment and nutrient 

l oading into the l ake . Logging should occur only  in areas within the Lake George watershed with 

high vegetation coverage and slight s lopes because these areas are better suited for l ogging . These 

areas inc lude the western portion of the watershed as wel l  as areas north of Lake George . 

The Oaks Pond watershed is better suited for logging than the Lake George watershed. 

Mature forests and decreased erosion potential of the Oaks Pond watershed signify higher logging 

suitabi lity potential . These areas inc lude forested areas beyond the developed regions surrounding 

Oaks Pond as wel l  as western portions of the Oaks Pond watershed. 

Vegetation co er is an important indicator in determining the logging potential of the Lake 

George and Oaks Pond combined watershed; however, other variables not inc l uded in the logging 

potential model must also be considered. Harvesting techniques and equipment also contribute to 

the erosion that occurs as a result  of logging . For example ,  heavy machinery used in logging may 

increase soi l  compaction , which in tum reduces the amount of avai lable space between soi l  particles  

(Herrick et al . 1 999) .  This compaction decreases the abi lity of soi l  to properly absorb water, acceler­

ating erosion leve l s  and augmenting potential runoff. .Additional ly, skidder trai l s  strip soi l s  of veg­

etation , resulting in the creation of erosion lanes .  These lanes increase the potential for sediment and 

phosphorus loading into the water bodies . The logging suitabi lity the model does not serve to 

promote logging ,  rather it highlights areas that are better suited for logging in the Lake George and 

Oaks Pond combined watershed. To minimize the negative impacts of logging , logging suitabi lity 

should be considered if logging were to take pl ace in the watershed area. 

Qualitative Water Measurements 

Water Bud2et 
A water budget is broadly defined as a comparison of the inputs and outputs of water to and 

from a l ake (Boyd 2000) .  This concept is of particular significance in determining the flow rate of 

nutrients such  as phosphorus through a l ake and is necessary for calculations of phosphorus loading . 

The calculation of a water budget is based on two interrel ated concepts of residence time and flush­

ing rate . Residence time of a water body is  an indication of the length of time water wil l  remain in a 

l ake before it is rep laced with new water (Chapman 1 996) .  The residence time is  inversel y  propor­

tional to the flushing rate, which is defined as the number of times the total volume of l ake water is  

replaced each year (MDEP 2000) .  A higher flushing rate for a l ake corresponds to a lower residence 

time of the water. Lakes have much lower flushing rates than rivers and streams and are more 

vulnerable to pol lutants,  which can accumulate in the water column and biomagnify in aquatic life 
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Met hods 

The n t v ) l u m  of W{tt r n t cr i n,::, he th La k G org and  aks  P n d  wa. dct  rm in d t 

a l  u l a t the \ Na ter budg t r  r I th f t h  l a k  s .  ln fc rmat i n n t t a l pr c i p i t a t i  n p r ar fr m 

1 990 t o  2 0 w a  btain d fro m th Na t i  n a l  e a n i  · A t mo · ph nc OA 19 ) 

weather  t a lion r r th t own f M adi n. Da ta  for the ar. 1 99 1. I 9_, an I 7 were m i  i n b  f r 

Madi on and w re u p p l c m  n t  d wi th 0 A dat a r r Wat c rvi l l 19 I .  I 7 and A u0u ta 1 992 . 

The t t a l  prec i pit a t ion f r ca  h ar \ a the n  a v  ra0 d f ra t n - ar  mean a l uc ,  t reduce the 

e ffec t  o f  ari abi l i t  in pr i pit· 1 t i  n I v I ' betw e n  ar ( ppc n d i  Th ru n ff ra t e  c n t ant for 

both l ak v a b ta i  ned fr m a _0- ar ·t udy r th w n)and and  C \  Y rk area ( K n a n d  

N orden on 1 95 5 ). MDEP u e t h i  \ J l ue t ca l u l a t e  nu hi n ..... rat b au  e the t ud in orp rated  

the e ffec t s  o f  ar  in0 t p 0raph n pre 1p1ta t i  n l e ve l . Thi va l u  n ide red t e an  a c urate 

measure o f  run o ff bec au e the t udy pan _ ar and ac unt  f r en  iro n  me n t a l  nuc t ua tion 

(Dennis per . com m .). The e ap rat i n rate \ a b tained from a tud onduc ted i n  the Lov er  

Ken n ebec Riv e r  Ba in  (Pre cot t  1 969) .  Wat e r  hed l an d  ar  a and l ake area  a l ue for both  l akes were 

obtained from the CEAT GIS a n a l  t . Mean  depth data  v e re obt ained from a e raging dep t h  a l ue s  

at differen t poin t s on each l ake a rep rt d b  MDEP M D E P  PEARL _ 0 l . The net  olu me of 

water ente ri n g  the l ake (lne) a de t e rmined b e n t e rin g the pre ip i tation data run o ff rate. e apora­

t i on rate l ake area and watershed l an d  area in t o  t he fo l i o\  ing formu l a :  

Inet = (mean prec i pitat i on * l ake area)+ ( runoff rate * \ a ter  hed area) - ( e  aporation rate* l ake 

are a ) .  

To determine t h e  fl ush i ng rate , t h e  I of e ach l ake \ as d i  i ded b y  t h e  respect i ve l ake vo l ume : ..., net 

Flushing Rate = I I (Mean Depth * Lake Area)  net 

Results and Discussion 

Lake George has a fl ush i n g  rate of 0.85 fl ushes/yr (Tabl e  10, Appendi x S) .  Consequent ly, 

approximate l y  85 percent  of the total  vo l ume of Lake George i s  rep laced by i ncom i n g  runoff and 

preci pi tat ion w i t h i n  one year. In  compari son, Oaks Pond has a fl ush i n g  rate of 4.91 flushes/yr (Tabl e  

10, Appendi x  S) .  At  th i s  rate ,  the total vo l ume o f  water i n  Oaks Pond i s  replaced approximate l y  fi ve 

t i mes a year. 

The flush i n g  rate for Lake George i s  w i t h i n  the range (0.29 to 3 .55  flushes/yr) found for 
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l akes in recent studies in central Maine (Table 10; BI493 1994 - 2001). Lake George has a lower 

flushing rate than Lake Wesserunsett , which flushes 1.09 times/yr (Table 10). Lake George has a 

lower volume than Lake Wesserunsett , which suggests that the Lake George flushing rate would be 

higher based solely on volume . However, the watershed area of Lake George is  62 percent smal ler 

than the area for Lake Wesserunsett, causing the fl ushing rate of Lake George to be lower because of 

comparatively less inflow of runoff from the surrounding watershed. 

Table 10. Comparison of flushing rates for selected lakes in Kennebec and Somerset 
Counties. Data obtained by CEA T from 1994-200 1 (Bl493 1994-2001) .  

Flushing Rate Volume Watershed A rea 
Lake (Flushes/Yr) (m3) (m2) 
Oaks Pond 4.91 2,613,140 10,777,367 

Lake George 0.85 9,151,529 15,916,248 
Lake W esserunsett 1.09 22,888,673 42,110,000 
Salmon Lake 0.59 28,410,750 23,126,300 

East Pond 0.30 33,848,120 10,598,777 
North Pond 1.36 37,148,856 30,920,000 
Long Pond 

North Basin 2.80 46,276,529 24,164,589 

South B asin 3.55 47,032,200 33,700,000 

Messalonskee Lake 1.59 150,249,096 125,084,285 

Great Pond 0.52 209' 160,000 83,124,049 

Oaks Pond has a higher flushing rate than other lakes investigated in recent studies in central 

Maine (Table 10; BI493 1994 - 2001 ). For example,  Oaks Pond has a higher flushing rate than East 

Pond. B oth of these l akes have approximate ly  equal watershed areas , however, the volume of Oaks 

Pond is 93 percent lower than the volume of East Pond (Table 10). The difference in the volumes 

creates the dramatic difference in flushing rates between these two lakes .  Although the input of 

water from runoff is  nearly equivalent for both lakes due to the simi lar-sized l and areas, the volume 

of water to remove is  much higher in East Pond than it is for Oaks Pond. 

The higher flushing rate of Oaks Pond in comparison to Lake George is  primari ly  due to 

Oaks Pond being characterized by a lower volume and a greater input of surface water from tributar­

ies than Lake George. The difference in flushing rates of Lake George and Oaks Pond has implica­

tions for the effects of pol l ution on these l akes .  Lake George has a l ower flushing rate and higher 

water residence time than Oaks Pond.  Lake George has a lower capacity for sel f-c leansing and may 

be more susceptible to pol l ution by a l lowing more time for excess nutrients to be incorporated in 

algal biomass .  The lower fl ushing rate of Lake George also suggests that it may be more susceptible 

to cul tural eutrophication . If the entry of nutrients and sediment were accelerated into both Lake 

George and Oaks Pond, Lake George would not flush these nutrients as quickly as Oaks Pond.  The 

presence of the park protects this  more vulnerable l ake because it occupies a l arge percentage of the 
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Phosphorus Load ine 

The Phosphoru s Load i n g  M ode l p re d i  t he t ot I amoun t of pho phoru that en ters i n to a 

body of water each year. I t  c an be u e d  to p roje t the effect that a1i ous l and u es  and fu ture de e l ­

opment scenari os h a  e w i thi n a w a t e r  h e d  on pho phoru l e ve l in a bod of water. The mode l used 

by CEAT, adapted from Reckh o w  and Ch apra ( 198 3 ) , cons i der the phosphorus i nputs from vari ous 

l and  uses ,  soi l types ,  sept ic  systems and the atmo phe re to predict  total  amoun t of phosphorus 

enteri ng the l ake . The mode l provi des  three predi c t ions of phosphorus concentrat ion :  low hi gh and 

best es ti mate . 

Methods 

The fi rst step i n  creat ing  the phosphorus mode l was est i mat ing the total amount of phospho­

rus that en ters a l ake i n  one year i n  ki lograms per year, as represented by the Annual  Phosphorus 

Inflow equat ion (W). Thi s equat i on consi sts of terms that represent  the total  amount  of phosphorus 

re leased from a certa in  amount of area of a g i ven l and use type i n  one year. Each term i s  composed 

of a coeffic ien t  and Area, which represents the total area of a spec i fi c  l and use i n  the w atershed. The 

equation is as fol lows :  
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W = (Eca X A)+ (Ecmf X Areamf) + (Ec1 X Area1) + (Ee reg x Areareg) + (Ecrev X Areare) + (Ecw X Areaw) 

+ (Ee x Area ) + (Ee x Area ) + (Ee. x Area.) + (Ee x Area ) + (Ee x Area ) + (Ee x Area ) + s s n n 1 1 r r cm cm ag ag 
(Ecc x Areac) + [ (Ecss x # capita years5 x ( 1  - SR)) + (Ec05 x # capita years0 x ( 1  - SR)) + (I x  ( 1  -

SR))] I 

The term Ee represents the export coefficient for inputs in ki lograms of tota l  phosphorus per 

hectare per year ( kg ha-1 yr-1) for the fol lowing subscri pts : atmosphere (a), mature forest (mf) ,  trans i ­

t ional  l and (t) ,  regenerating forest (reg),  reverting forest (rev) ,  wetlands (w) ,  shore l ine development 

( s ) ,  non-shore l ine development (n), insti tuti onal ( i ) ,  roads (r) , commerci al and municipal l and (cm) ,  

agricultural l and (ag) , cleared land (c) , shore l ine septic systems (ss) ,  non-shore l ine  septic systems 

(ns) ,  and insti tuti onal septic system (i s ). 

The export coefficients (Ee) were assi gned a low, h igh , and best esti mate for each potenti al  

source of phosphorus based on compari sons with past CEAT studies in  Mai ne (B I493 1 997 - 200 1) 

and wi th a study of Hi ggin s  Lake , Michi gan (Reckhow and Chapra 1 98 3 ) .  The Phosphorus Model 

uses a low to h igh range of coefficients to a l low for uncertainties about the re l ati ve amount of phos­

phorus that each land use type contri butes to a body of water. CEAT al so assi gned each l and use and 

development type a best e st imate (within the low to h igh coefficient range) for e ach watershed to 

produce the most accurate prediction of phosphorus l oading poss ib le .  

In addi tion to export coefficients ,  a number of other factors are considered in  the model. 

These factors incl ude inputs from seasonal and year round resi dences based on number of res identi al 

units t imes the number of people  per residenti al unit  t imes the number of days per year the unit  i s  i n  

use (# capita years). Instituti onal # capita years was found b y  multip ly ing number o f  patrons to 

LGRP during the summer of 2001 ti mes the average number of days per year each patron stayed at 

the park. Accordi ng to B ob Hubbard, the average park patron stays for an average of four hours , or 

one-s ixth of a day ; therefore , each of the patrons stays at the park for an average one-si xth of a day 

per year. Insti tuti onal septic system export coefficient t imes # capi ta years are represented by I in  

the  model .  SRs represents shore l ine soi l retention capaci ty, SR0 represents non-shore l ine  soi l reten­

ti on capaci ty, and SRi represents soi l retention capacity for Lake George Regional Park ( insti tu­

t ional ). Soil retention capaci ty is the percent of phosphorus that a particu l ar soi l type can retai n 

annual l y ;  the greater the soi l retention capaci ty, the less  phosphorus flows into the l ake. As i s  a 

constant repre senting the surface area of the l ake. 

Once a prediction of W was calculated, the total phosphorus l oad for any gi ven area of l ake 

was calculated using the equation: 

L = W/A s 

The variable L represents total k i lograms of phosphorus per square meter per year entering the l ake. 

L i s  derived by di viding  the ann ual phosphorus inflow (W) by the total surface area of the l ake (A ). s 
The next step in  the calculations was determining the annual atmospheric water l oading of 
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Resu l ts and Discussion 

Lake George 

P =L/ 1 1 . 6+ J . _ q  

Ba ed on t h e P h  ph ru L ad i n 0 M de l .  t h e  t t a l  ma ph ph ru l oading f r Lake George 

ranged from 94.12 k g/yr t 344.60 k g/ r, wi t h  a be t e t i  m ate  f 2 7 . 8  k g/ r Appe ndi x T) .  The 

Phosph oru s Load i n g  M de l 0encra ted a ra n 0e f p h  p h  ru c nc n t ra t i  n fro m 3 . 94 ppb to 14.42 

ppb with a be t e t i  m a t e  o f 8.7 ppb f r Lake Ge rbc . The mean p h o  p h  ru concentration deter­

m i ned from M DEP epicore a m p l e  c I l e  ted be t ween 1 9  5 a n d  1 996 \ a 8 ppb MDEP _000). The 

mean phosphorus conce ntrat i on de term i n ed fr m CEAT urfa e a n d  epicore characteri zati on site 

samples for summer and fa l l  o f  200 I \ a 8 . 8  ppb See Water Qual it Methodolog : Tota l  Phospho­

rus ) .  These values are w i t h i n  the range genera te d  y t h e  Pho phoru Load i n g Mode l . The 2001 

CEAT mean of surface and ep i core pho phoru a l ue wa on l l i ght ! hi gher th an the best e sti mate 

predicted by the mode l,  suppo11i ng the alidit o f  u i n g thi model a a too l to predict phosphorus 

loadi ng .  

Of the l and use catego1ies i n  the Lake George watershed tran siti onal land (32.03 percent) 

and mature forests (29.26 percent) contri buted the h i ghest percent of phosphorus l oading based on 

best esti mates (Table 11). Tran siti onal l ands and mature forests co er  approx i m ate l y  90 percent of 

the watershed but on l y  contri bute approxi mate l y  58 percent of all phosphorus loadi ng in the water­

shed (Table 12). Rel ative to the amount of l and that the se types of forests cover, they contribute l i tt le 

phosphorus  to Lake George . 

B ased on best estimates, the next l argest contributors to phosphorus loading i n  Lake George 

are shore l ine  deve lopment and the atmosphere at 5.62 percent and 5.07 percent, respecti vely (Table  

11). S hore l i ne development represents approxi mate ly 0.46 percent of the  total w atershed i n dicating 

that shoreli ne development contri butes di sproportionate l y  h igh leve l s  of phosphorus (Tabl e  12). 

This  h igh  leve l  of contribution i s  the resu lt  of the rel ati ve i ntens ity with which  the l and  i s  used, 

proxi mity to the l ake, and a l ac k  of buffering .  Suspended particu late matter, i nc ludin g  phosphorus, 

from i ndustry smoke stacks and wood burning res idences enters the l ake w hen  washed out of the 
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Table 1 1 . Low, high, and best estimates of annual percent contribution to phosphorus 
loading in Lake George and Oaks Pond from watershed land use types in 200 1 .  
Percentages are based o n  phosphorus loading projections for each land use category from 
the Phosphorus Loading Model (See Analytical Procedures and Findings: Phosphorus 
Loading). 

Lake George Oaks Pond 
I n�ut Categories Low High Best Low High Best 
Atmospheric Input 5.64 9.75 5.13 1.75 2.91 1.66 

Mature Forest 32.55 33.77 29.63 35.33 35.31 29.46 
Transi tional Land 35.63 27.93 32.43 2.77 2.22 2.20 

Regenerati ng Forest 1.13 0.74 0.96 1.78 1.19 1.27 
Reverting Land 5.29 0.45 4.01 1.82 1.21 1.30 

Wetlands 0.58 1.21 0.93 1.16 1.54 0.92 

Roads 4.03 3.40 4.58 10.06 6.70 9.86 

Municipal/Industri al Land 0.73 0.85 0.99 5.98 6.90 4.75 

Shore l ine Development 3.57 4.45 5.69 6.39 6.81 10.05 

Non-shore l ine Development 1.43 1.98 2.60 6.18 7.68 8.83 

Insti tutional - LGRP* 0.55 0.76 1.10 

Agricul ture 3.81 3.95 3.90 17.74 15.37 16.91 
Cleared Land 1.94 1.72 1.77 1.25 1.00 0.95 
Shore l ine Septic 1.07 2.95 1.82 2.85 4.56 4.76 

Non-shore l ine Septic 1.14 2.53 1.95 4.95 6.59 7.07 

Insti tuti onal SeEtic 0.92 3.55 2.50 

*Lake George Regional Park 

atmosphere by preci pi tation . 

Accordi ng to best e sti mates ,  the next l argest contri butors to phosphorus l oading i n  Lake 

George are roads and reverting l and at 4.52 percent and 3.96 percent,  respecti ve ly  (Tabl e  11). Roads 

represent approximatel y  0.29 percent of the total watershed i ndicating that roads contribute di spro­

porti onatel y  h igh leve l s  of phosphorus (Table  12). Reverting l and covers approxi mate l y  3.76 percent 

of the w atershed, indicating that th is  l and type contri butes a proportional amount of phosphorus 

rel at ive to i ts  l and area .  

Agricul ture and shore l ine septic systems are the next most  s ignificant contri butors to phos­

phorus l oading,  adding 3.85 percent and 3.04 percent respecti vel y  (Tabl e  11). Agricultural l and 

covers 1.22 percent of the Lake George watershed but  contributes a moderatel y  h igh l evel  of phos­

phorus (Table 12). Runoff from phosphorus rich ferti l izers , l i vestock pastures ,  and manure pits 

gre at l y  increases the amount of phosphorus exported from agricultural l ands .  Shore l ine  septic 

systems contribute di sproporti onate l y  h igh levels  of phosphorus to Lake George due to the age , 

condi tion ,  and proximity to the l ake of septic systems and pit pri vies. 

Non-shore l ine deve l opment and Lake George Regional  Park ( institutional ) septic systems are 

the next most s ignificant contributors to phosphorus loading,  adding 2.57 percent  and 2.47 percent 

respecti vel y  (Table 11). Non-shore l ine devel opment repre sents a rel ati ve ly  low phosphorus l oading 
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Ta b l e  1 2. Best est ima tes o f  a n n u a l  perc e n t  rnn t r ib u t io n  to  phosphorus  load in g  in La ke 

G eo rge a n d  Oa ks Po n d  from w a t e r . h e el l a n d  use ty pes in 200 1 .  P h os p h o r u s  load in g  

perce n t a ges a rc hascd o n  phos p ho r us load in g  p r oject io n s  fo r eac h  l a n d  u se cat egor) fro m  

t h e  Phos p h o r us Load in g  M od e l  ( S ee A n a l yt ica l P r oced u res a nd F in d in gs :  Phosp h o r u s  

Load in g ) . Pe rce nt  o f  e a c h  l a n d  u s e  pat te rn in eac h  watershed is a lso g iv e n .  

Lake G eo rge Oa ks Po nd 

Best Best  

Est imate P erce n t  of  Est imate  P erce n t  of 
Pe rce n t  watershed Pe rce n t  wat e rshed 

Phos p h o r us Phosphoru 
I n pu t Catego r ies Load in g  Load in g  

Atma pheri c I nput 5. L 1.66 
M ature Fore t 2 9 . 6 3  2 9 . 4 6  72.9 
Tran i t i ona l  Land  3 2 .43 - . 2 3. 8 2  
Regenerat i n g  Fore t 0 . 96 1. 27 1. 84 
Re vert i n g Land 4 .  I 3 . 76 l. 1 . 8 7  
Wet l an ds . 93 1. 86 0 .9_ 3 . 1 8 
Roads 4 . 5  ,_9 9.86 0 . 92 
Commerc i a l Land 0 . 99 ·-3 4.75 3.29 
S hore l i ne De ve lopment  5 . 69 0 . 46 10.05 1.05 
Non-shore l i ne De ve lopme nt  2 . 60 0 . 61 8.83 3.34 

I n sti tutiona l  - LG RP* 1. 10 0.09 
Agricu l ture 3 . 90 l. 2 _  16.9 1 7.32 
Cleared Land 1.77 0.49 0 .95 0.4 1 
Shore l i ne  Septic 1.8 2 4.76 
Non-shore l ine Sept ic  1.95 7.07 
Insti tutional  S eEtic 2 .50 

*Lake George Regi ona l  Park 

percentage compared to shore l i ne deve lopment due to increased bufferi ng and di stance from Lake 

George , despi te con sti tuti ng nearl y si x percent of the tota l  area of the watershed. Lake George 

Regional Park septic systems (2.4 7 percen t)  contri bute less phosphorus to Lake George than shore­

l ine septic systems (3.04 percent ) .  The septic systems in LGRP are newer than shore l ine septic 

systems (which also i n c l ude a number of pi t pri vies)  and a smal ler # capita years was used for the 

park than for shore l ine deve lopment because of the re l ati vely  short vi sits by patrons of the park 

(Appendi x T) .  These factors contri buted to a lower percent phosphorus loadi ng by LGRP septic 

systems compared to shore l ine septic systems .  

The remaining s ix land use  categories consti tute 3.57 percent of the  total area of  the  Lake 
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George w atershed and contribute a total of 7 .60 percent to total phosphorus l oadi ng (Tabl e  12). 

Most of the e igh t  categori e s  were assi gned low to moderate export coeffici ents and represented a 

re l at i vel y  smal l  area of the watershed. 

Oaks Pond 

B ased on the Phosphorus Loading Mode l ,  the total mass phosphorus l oading for Oaks Pond 

ranged from 85.59 kg/yr to 321 .30 kg/yr with a best esti mate of 179.71 kg/yr (Appendices  U & V) .  

The Phosphorus Loading Mode l generated a range of  phosphorus concentrations from 4 .34 ppb to 

16 .29 ppb wi th a best e sti mate of 9.11 ppb for Oaks Pond. The mean phosphorus concentrati on 

determined from CEAT surface samples col lected in the fal l  of 2001 was 8.7 ppb (See Analytical 

Procedures  and Fi ndi ngs : Water Qual i ty Methodology) .  Thi s  val ue is wi th in  the range generated by 

the Phosphorus Loadi ng Mode l .  The 2001 CEAT mean of surface phosphorus values  was equi valent 

to the best esti mate predicted by the mode l ,  supporti ng the val idi ty of usi ng thi s  mode l as an indica­

tor of phosphorus l oadi ng.  

Of the l and use c ategories  for Oaks Pond, mature forests (29 .42 percent)  and agricultural 

l ands ( 16.88 percent)  contri buted the h i ghest percentages of phosphorus loadi ng based on best 

est imates (Tabl e  1 1) .  Accordi ng to these esti mates ,  mature forests cover 72.90 percent of the w ater­

shed, i ndicati ng that mature forests contri bute l i tt le  phosphorus to Oaks Pond re l at i ve to their  l and 

area (Table  12). Agricul tural l and covers approxi mate ly  7.32 percent of the watershed.  There i s  

nearly s ix  ti mes the amount of agricul tural l and i n  the Oaks Pond watershed as the Lake George 

watershed;  th i s  di fference accounts for the l arge di screpancy between the l akes in the i mportance of 

phosphorus l oading.  Run off from phosphorus rich fert i l i zers ,  l i vestock pastures ,  and manure p i ts 

can greatly increase the amount of phosphorus exported from agricultural l ands.  

Of the l and use categorie s  for Oaks Pond, shore l ine development ( 10.04 percent )  and roads 

(9 .84 percent)  contributed the next h ighest percentages of phosphorus l oading based on best e st i­

mates (Tabl e  1 1) .  Accordi ng to these esti mates ,  shore l ine deve l opment and roads cover approxi ­

matel y  1 .97 percent of the watershed and contri bute approxi mate l y  19.88 percent of a l l  phosphorus 

l oading i n  the watershed (Table 12) . In the case of shore l ine development, the h igh phosphorus 

l oading percent in rel at ion to the smal l l and area is due to inadequate buffers ,  erosion ,  and prox i mity 

to the w ater. Many of the roads in the watershed showed s ign s  of major erosion and some w ere 

l ocated very near the shore of Oaks Pond. The rel at i vel y  h i gher phosphorus loading percent com­

pared to the watershed coverage percent indicates that these l and uses contribute moderatel y  h igh  

.amounts of phosphorus to  Oaks  Pond rel ati ve to  their area coverage. 

Non-shore l i n e  deve l opment and non-shore l ine  septic systems constitute the next h ighest 

percent  phosphorus l oading,  contri buting 8 .82 percent and 7 .06 percent respecti ve ly  (Tabl e  11) . 

Non-shore l i ne deve l opment covers only 3 .34 percent of the total w atershed (Tabl e  12). The h igh  

phosphorus l oading percent i n  rel at ion to  the  sma l l  l and area i s  due to  erosion ,  soi l unsuitabl e  for 

septic systems, and the fact that a l l  non-shore l i ne houses i n  the Oaks Pond watershed are occupied 
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y e a r  ro u n d . 
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c l  e l y  t o  t h  h o r  r O a k · P n d .  m m  rc i a l  a n d  m u n i c i pa l  l a nds  c o v e r  a p pro i m a t e l y 3 . - 9 

pe rce n t  o f  t h e w a t e r., h ed ( Ta b l e  1 2 ) .  M . t o f  t h i  · l a n d  t y p  i · re pre . n t ed b t he a t  n M u n t a i n k i  

s l ope \ h i c h  i p r  n e t e ro i n a n d  i · I a t  cJ rc l a t i v  I · l o. t O a k  Po n d .  

T h e  re m a i n i n g i l a n d  u e c a t  g f ph ph ru I ad i n g a n d  

c o v e r  l l . 1 2  pe rce n t  o r  t h e  w a t e r  h e cJ  Ta b l e :  1 1  · I _ ) . c a t e g  r i c w e re a i g ned l o w  

t o  m odera te  e x p  r t  oe ffi c i e n t  and r p re. e n t  cJ a r l a t i  v I ma l l  a re a  f t h e v a t c r  hcd . 

Biology 493: Lake George and Oaks Pond Page 170 



REGIONAL PARK ASSESSMENT 

Valuing Maine Lakes 

Lakes are valued i n  Maine for many different reasons .  The abundance of J akes i n  Maine i s  a 

prominent feature of the state 's  speci al character. Thoughts of toweri ng pines,  the caJ l s  of loons ,  

robust fi sheries  and abundant wi ldl i fe ,  a refreshing swi m on a warm summer day, or a peaceful  

paddle are al l attri butes of  the scenic and recreational qualit ies that people have valued for genera­

t ions .  Henry David Thoreau on h is  1 846 trip  to Katahdin reported:  

The l akes ( in  Maine) are something which you are unprepared for: they l i e  up so h igh ex­

posed to the l ight ,  and the forest i s  dimini shed to a fine fringe on thei r  edges,  with here and 

there a b lue mountain ,  l i me amethyst jewels  set around some jewel of the fi rst water .  . .  

(Thoreau, 1 877) .  

However, as  human acti vity has expanded on these l akes and the surrounding watersheds , 

their health has been compromised. A growing demand for outdoor recreation and aesthetical ly  

p leasing vacation spots results in a number of Mai ne lakes facing growing ecological problems 

(State of Maine 1 1 6Lh Legi sl ature 1 994 ) .  Maine's  lakes and ponds are highly sensiti ve to disturbance .  

Unl i ke coastal waters , ri vers,  streams, and lakes are re lati ve ly  c losed systems, which have compara­

ti ve ly  slow rates of flush ing .  Over the past several decades,  there have been mounting concerns 

pertain ing to water pol lution , water qual ity, publ ic  access ,  personal watercraft, noise leve ls ,  

shore land and surface use ,  and other land use i ssues (Tyler 1 999) .  Pol ic ies  should be i mplemented 

to balance these competing uses on the sensit i ve waters of Maine lakes and ponds . Though the many 

values and uses that people have for these lakes sometimes confl ict ,  al l of  them depend on the  health 

of the water body. Coldwater sport and anadromous fi sheries,  swimming and boating,  water sup­

p l ies and property val ues are a l l  positi ve ly correlated with c lean ,  c lear, oxygenated water. 

According to "Maine's Finest Lakes," a study which identifies l akes wi th resource values of 

statewide s ign i ficance , both Lake George and Oaks Pond received s ignificant ratings for their fi sher­

ies ,  perhaps a reflection of their  deep ,  cold, c lean waters (Parkin et al . 1 989) . Lake George also 

recei ved a s ignifi cant rating for i ts shore l ine character. According to "Maine ' s  Finest Lakes," a 

s ign i ficant shore l ine i s  defined by beaches and bedrock that are l arge and dominant and by opportu­

n i ties  that exist for publ ic  uses inc luding swimming, fi shing,  h i ki ng,  and canoeing (Parkin et al . 

1 989) .  These qual i ties that define the Lake George shore l ine make i t  h ighly valued for h uman use . 

As the demands from recreation and development contin ue to i ncrease foJ l owing a trend that i s  

occurring o n  many o f  Mai ne ' s  l akes ,  the welfare and tradi tional character o f  these l akes are being 

serious ly threatened (State of Maine- 1 1 6Lh Legis l ature 1 994) .  These uses ,  which threaten many 

Maine lakes, are a lso concerns for Lake George and Oaks Pond because they are so h igh ly  valued 

for their recreational and aesthetic qual i ties .  

Biology 493: La ke  George and Oaks Pond Page 1 71 



Pa rk ' l 'ra ffi c 

I\ kt hods 

R ecord s con  -c rn i n g t h ' n u m b  r o r  I � 1 t ro n s  v i :-, i t i n o  La k 

t a i n c d  fro1 T 1  B ) h  I l u bhard . L R P  M a n a o  r, ( t n d  i n t ' rrrc t cJ i n  t h  

· --or g c  R c o i o n a l Park  

"'L  l a horat ) r  . 

e re c h -

d cJ i t i o n a l  

i n f  r m a t i o n  a h  u t  g n c ra l  park LI .' t r  n d :  w a :  pr ) V i dcc.J i n  fo l l mv - u p  p h c  n · n r a l l n �  \V i t h  B b 

H u bbard . 

Res u l t s  a n d  D i  cuss io n  

R g i on a l Park d u ri n g i t · pc n i n g , c a n i n I 93 : F u r  t h  u s a n d  pa t r n . i .  i t  d La k 

t h i  n u m b  r h a  t ad i l  i n  rc a d vcr  t h  a r-- ( i g u rc 54 . T h  d i t  h i ghc  t a t t c n -

d a n c e  a t _ 6 , 0 p a t r  n bc t v\ e c n  t h  m o n t h  o r  M ay and e 1  t m b  r _ u n  I a r  \.v h c t h c r  r 

(J"J = 
e 20000 --r----------

..... � 
� 
� 1 5000 --t-------
'­� � ; l 0000 -+----

z 

0 

Figure 54. Number of patrons 

vis it ing Lake George Regional Park 

each year from 1 993 to 200 1 .  Data 

obtained from Bob H ubbard , Park 

Manager. 

n t t h e a l t ndan e \ i l l  n t i n uc t i n c re a  e i n  

t h  m i n g a r: .  H w c v c r  B b H ubbard 

pr d i  t :  t h a t  t h  park m a  cc u p  t 5 , to 

add i t i  n a l  pat r  n . nc  t ca n ( H u bard 

m m .  rd i n _  t park rec rd for 

I c a  n ,  t h  ma i m um number of 

i i t  r in  n c  da ' \.V a I n _ 7-J un -O 1 .  

A l t h  ugh t h e re are n t n ce ari l l 008 

n t h e  b a h at a n  one  t i  m . because 

pat r n c me a n d  go t h roughout the day th i s 

n u m be r  i a on i d  ra b l e  p a t ro n  load for an y 

n a t u ra l  are a  of th i i ze to wi th  tand.  The 

bea h traffi c records from the _ oo l season 

were al o u ed to determ i ne the di stri but i on of 

patron use on each s ide of the park . In 200 1 ,  

8,-7 1  patrons i s i ted west beac h ;  whereas 

1 5 ,596 patrons i s i ted the east beac h ,  al most 

double that of the west s ide .  S uch heav i ly  

concentrated use  wi l l  chal lenge the  capac i ty of 

the sept ic  system on east beach ,  as we l l  as 

potent i al ly  increase the amount of erosi on and deterioration talcing p lace from human acti vi ty. 

Careful p lanning and environmental l y  friendly main tenance techniques are needed to ensure that 

negati ve i mpacts  on water qual i ty  from park growth are min i mized. 

Lake George Regi onal Park is a l so a popular s i te for snowmobi l ing  and ice fi sh ing duri ng the 

win ter months .  The season genera l ly  begi ns  on the fi rst of January and cont inues through mid  

March .  Due to  the  easy accessibi l i ty of the  pub l ic  boat l aunch on  Lake George , many huts  are 
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brought out onto the ice during the winter. Bob Hubbard stated that weekends are the most popul ar, 

wi th 40 to 50 people on the l ake at a t ime.  Thi s  load l ightens on the weekdays with on ly five to six 

people  on the l ake each day. Thi s type of winter use opens the door for addi tional environmental 

degradat ion . Trash and other materi als left on the ice end up in the l ake after the ice me lts .  Trucks,  

ATVs,  and snowmobi les that dri ve out onto the ice also have the potential  to deposit  oi l and gasol i ne 

i nto the l ake . Although there are few year round houses on Lake George, thi s water body does 

experience year round use , which increases the amount of nutrients and contaminants that could 

potenti al l y  enter the lake . 

Park Septic Systems 

Lake George Regional Park recently added two new septic systems to accommodate the ri se 

in v i si tors each year (east beach in  1 997,  west beach in 1 994) (See Land Use Assessment :  Residen­

ti al Survey : Subsurface Di sposal Systems) .  Bob Hubbard reported that the septic system on east 

beach was designed to al low up to 1 500 flushes per day, and the system on west beach up to 1 050 

flushes per day (Hubbard, pers . comm. ) .  He is confident that these septic systems are adequate to 

accommodate the numbe.t· of patrons that currently use the park. However, he did wonder whether 

an i ncrease in park attendance could overburden these septic systems. If i t  is assumed that each 

patron uses the restroom twice per park visit (i . e . ,  two fl ushes per person) ,  the east beach system 

would be able to accommodate 750 people per day and the west beach 525 people per day. An 

analysi s of the dai ly  attendance on each s ide of the lake in  200 l shows that the highest dai ly  atten­

dance at the east beach was 736 people on 27-Jun-O l ,  and the h ighest dai ly  attendance at west beach 

was 340 people on 1 6-Jun-0 1 (Figures 55  & 56) .  These results confi rm Hubbard's  bel ief that nei ther 

system is overburdened with the current park attendance level . However, according to CEAT esti­

mates,  the east beach is c loser to reaching the threshold in  which the capac i ty of the septic system 

might be chal lenged. In addi t ion,  the leach fie ld for the east beach septic system, which serves the 

maj ori ty of park patrons ,  is located 1 20 ft from the shorel ine ,  whereas the leach  fie ld  on the west 

beach ,  where lower attendance is recorded, is located 250 ft from the shore .  The c lose proximity of 

the east beach leach fie ld  to the water combined with a high n umber of users on thi s  s ide could 

i ncrease the potential for contamination of the l ake . 

East Beach Access Road 

In addi tion to the n umber of patrons who use the park, there are also v is i tors who park their  

vehic les  a long the access road to the east  beach entrance.  The Town of Canaan owns this road and 

patrons who park here do not pay to enter the park ; as a result ,  they are not inc luded in the park 

traffic figure (Figure 54) .  The access road is in c lose proximity to the shore l ine (often wi th in  a few 

feet from the water 's  edge) making i t  easy for vi si tors to park their cars and walk down the embank­

ment i nto the lake . Thi s  type of use causes the breakdown and destabi l i zation of the shore l ine ,  

i ncreasing erosion . The runoff of fue l  and oi l that drips from cars parked along thi s road i s  a lso 
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Figure 56. Daily attendance at Lake George Regional Park west beach from 25-

May-0 1 through 02-Sep-0 1 .  Patron v is its vary i n  length.  Dashed l ine represents 

the level of patron attendance that could overburden the septic system at west 

beach.  Data obtained from Bob Hubbard, Park Manager. 
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i ncreased. The town of Canaan i s  currently in  the process of addressing th i s  parkjng i ssue for health 

and safety reasons (Hubbard, pers . comm. ) .  Bob Hubbard i s  opti mi stic that an ordinance l imit ing 

the parkjng that can occur a long the access road wi l l  be passed. 

Lake Uses 

Recreation ecology, the fi e ld of ecology that studies human-nature ecological rel ationships i n  

recreational contexts ,  i s  an emerging di sc ipl ine in  natural resources research .  Some o f  the goal s of 

recreation ecology inc lude the i dentification of impacts that recreational acti vit ies have on ecosys­

tems and l andscapes,  the influence of use-related and environmental factors on the ecosystems and 

l andscapes,  and the roles that management can play in modifying these factors (Leung, Yu-Fai , and 

Marion 1 996) .  In thi s study, CEAT identi fied some of the major concerns and management i ssues 

associ ated with recreational use in  the Lake George and Oaks Pond watersheds . 

Boat Launch 

CEAT assessed the overal l condition of the Lake George publ ic  boat launch (LGPBL).  The 

LGPBL is essenti al ly a \\ i de camp road that leads directly i nto the lake . Boat l aunches are poten­

ti a l ly  large contri butors of phosphorus to lakes (See Introduction : Roads and B oat Launch ; Powe l l ,  

pers . comm. ) .  The boat launch i s  in  moderate condit ion,  but a few minor, i nexpensi ve modifications 

could lower the ri sk of phosphorus loading.  

Instal l ing water di versions i s  an appropri ate fi rst step. The boat l aunch i s  heav i ly  eroded and 

multi ple ri vu lets have formed (Figure 57) .  Thi s  erosion is c learly evidence that runoff water i s  

flowing directly i nto the lake . The di versions would channe l water o ff  the road into the surrounding 

woodland areas . A di vers ion can be as si mple as a smal l rut that runs diagonal ly  across the boat 

l aunch and channel s  runoff water into the surrounding area.  The rubber razorbl ade is another type of 

di vers ion that invol ves a rounded piece of rubber that extends a few i nches above the road surface 

(Hahnel ,  pers . comm. ) .  The rubber razorblade i s  more durable  and wi l l  require less maintenance . 

Another inexpensi ve modification would be to make the LGPBL narrower. Thi s  would drastical l y  

reduce the level o f  phosphorus loading b y  reducing the surface area. The boat l aunch i s  current ly 20 

ft wide .  Thi s  width is more then ample for any boat that should be l aunched on a l ake of thi s  s ize .  A 

reduction of width could easily be attained by simply removing the gravel surface and placing 

a barrier to keep traffic off the area to allow vegetation to regenerate. The addi tion of aestheti ­

cal l y  pleasing nati ve species i s  another acceptable option to provide more buffering around the boat 

l aunch .  

Another alternati ve i s  to complete ly  replace the boat l aunch .  A boat l aunch simj l ar t o  the 

ffinckley boat l aunch on the Kennebec Ri ver could be in stal led, but may be expens ive (Figure 5 8 ) .  

Posit i ve attributes of the Hi nkley boat launch are that i t  i s  narrow, made o f  concrete, and the sur­

rounding areas are more vegetated and buffered then the LGPBL.  A publ ic  boat l aunch simi lar to the 

ffi nckley boat launch would l i ke ly  add less phosphorus to the water than the current,  or modifi ed, 
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Figu re 5 7. L a k e  G eo rg e  Re g ion a l Pa r k  p u b l i c  b o a t  l a u n c h .  

R i v u l et'i ca n b e  s e e n  o n  t he ri gh t  s i d e  o f  figu re pa ra l le l to  t h e  

d oc k .  Th e e a re s ign s o f  e ros ion a n d  runoff d i rect ly  i n to t h e  

l ake.  M i n i m iz i ng w i d th m a y  red u ce ero i o n  pot e n t i a l .  

Fi gure 58.  H i nckley boat launch l ocated on  the  Kennebec Ri ver. 

This  l a unch i s  more ecological ly friendly than t he Lake G eorge 

p ub l ic boat launch b ecause it is narrow, more buffered, a nd made of 

concrete. 
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LGPBL. In addit ion to bei ng more environmental ly  sound, th i s  alternati ve may also be a better 

option for boat l aunch users . The LGPBL has a carry-in l aunch site ,  although according to B ob 

Hubbard i t  i s  more often used to launch l arger motorized boats .  Thi s  l aunch i s  not spec i fical l y  

desi gned to  handle th i s  leve l of  use (Powe l l ,  pers . comm. ) .  The LGPBL's  c lassification does not,  

however, restrict users to on ly launching carry-in boats (Hubbard, pers . comm . ) .  A concrete boat 

l aunch ,  l i ke the Hinckley launch ,  may hel p  to reduce the amount of erosion generated when people  

l aunch l arge boats i nto the water. However, Nancy Warren ,  the Lake George Regional  Park Director, 

fears that thi s  type of insti l l at ion could increase the number of large boats on the l ake , which may 

have negati ve effects on water qual ity (Warren,  pers . comm. ) .  

Watercraft 

Concerns 

One major concern of lake users and residents i s  the use of recreational watercraft on Lake 

George and Oaks Pond. As the number of motor boats ri ses and the average motor s ize i ncreases, 

confl ic ts between waterc :-aft operators and other users of Maine l akes are becoming more prominent .  

85  percent of the 1 26 ,000 motor boats regi stered in  Maine in  1 998 were used pri mari l y  on lakes 

(MDEP, unpubl i shed document) .  As the number of motor boats i ncreases, so does the use of per­

sonal watercraft and the safety concerns with which they are associ ated. Many smal l  l akes do not 

contain enough surface area to al low for safe,  unobtrusi ve operation of personal i zed motorcrafts .  

The 200 ft  Water Safety Zone,  which restricts boat speed with in  200 ft of the shore, l imits the free 

operation of motor boats . Motor Boating i s  also l imited by i rregul ari t ies i n  the shorel ine ,  the pres­

ence of i s l ands,  exposed rocks , and shal low areas , al l of which diminish the effecti ve surface area in 

which motor boats can operate . These factors l imit  the l i ke l i hood that l arge , powerful motor boats 

wi l l  be used on Lake George and Oaks Pond.  Addi tional ly, smal ler l akes are more readi ly  di sturbed 

by motor noise .  These noi ses di sturb people seeking a serene, peaceful  environment and al so have 

the potential to di srupt loons and other waterfowl that sometimes nest along smal l l akes (Tyler 

1 999) .  In addi tion to di sturbing wi ldl ife ,  motor boating contributes to shorel i ne erosion , the di srup­

t ion of macrophytic vegetation , the re-suspension of sediments in the water column, water pol l ution , 

noi se and safety hazards , and the introduction of i nvasive plant  species (MDEP, unpubl i shed docu­

ment) .  

Manage ment  

An expans ion of current watercraft regulations i s  necessary to bring Maine 's  regulation s i nto 

compl i ance wi th national standards (Tyler 1 999) .  Licenses are not currently required for watercraft 

operation . Furthermore , relati vely few regulations stipulate train ing and education prior to opera­

t ion . Speed restrict ions are on ly  i mplemented in the Water Safety Zone,  wi th in  200 ft of shore .  

Horsepower restrict ions exi st o n  only a few Maine lakes .  I n  addit ion t o  these problems,  Maine ' s  
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O ff i c , t h e De part me n t  f ) ,  t h  D P. t h  I F  · W, a n d  t h c r  . u rt e n  pu l i c  

m e m be r  v. e re a l  o appoi n t ed t o  . r c n t h  t a · k f r r pre c n t i  n g t h e M a i n F re t Prod uct  

Cou nc i l ,  the  M ai ne B a  Fede rat i n ,  a n d  t h e M a i n e Y u t h  a m p i n o  A i a t i  n ,  a m  n c  ot h e r  . The 

p u b l i c  w a  a l  o g i  e n  t h e  p p  rt u n i t y t p ro v i d  i n p u t  a n d  e pr  n e m i n g G rea t  Pon d  

i sues  d ur i n g  m e t i n g  . F i fte e n  f t h e  t h i n  - fo u r  re m m  n d a t i  n p ro i de d  t he t a  k f rce w e re 

e n ac ted i n to  l cn . T h e  G r  a t  Po n d  Ta k F re c F i n a l  Rep rt u m m a n z  t h e e rec m me nd at i on a 

they pe r1a i n to rec re at i on a l  u e a f I I  w ( T  I r J 9 : 

l. N o i  e a n d  a fe t  h azard fro m w a t e r  ra ft u e h u l d  e red u  ed b 

a .  es tab l i shi n g n o i  e l i m i t  for a l l  m o t  1i zed w ate rc ra ft : 

b .  proh i b i t i n g t h e  u e o f  pe r o n a l  w a t e rcraft on ,...4 5 G rea t  P nd \ i t h i n the j ur i dict ion 

of the Land U e Reg u l at i on Com m i  i on LU RC ; 

c .  prov i d i n g m un ic ipa l i t i e  a t wo-year  pe ri od t reco m me n d  regu l at i on s for the use , 

operat ion and type of watercraft on Great Pond . 

2. Great Pond re l ated ac ti vi t ie should be upported by a pec ia l  fund .  

A Lakes Heri tage Fund to  support s tate re l ated projects and ac ti  i t ies  w as e .  t ab l i shed at 

the State P lann ing Office under the control of the Land and Water Resources Counci l .  

The fol lowing four poi nts  summari ze the 1 4  fi na l  recommendati ons and one resol ve that remai n to 

be i mplemented: 

1. The Land and Water Resources Counci l should coordi nate the i mplementation of the 

Fina l  Report . 

2 .  Water qual i ty shou ld  be  i mproved by better trai n i ng and i ncreasing  the  hours of operati on 

for local code enforcement officers i n  l akeside communi ties .  

3 .  S afety h azards from watercraft should b e  reduced b y  deve l oping a n d  promoting  a code of 

conduct for safe ,  courteous boati ng .  

4 .  A Watercraft Enforcement Fund should be  establ i shed to  support watercraft enforcement 
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efforts at the state and l oca l  l eve l .  

These rec ommendati ons and l egi s l at ion h ave i mp011ant ramificat ions for the preservation of 

a l l Maine l akes,  i n c l udi ng Lake George , wh ich  in the past, h ave l ac ked strong lake l eve l manage­

ment .  Lake George and Oaks Pond are re l at i ve l y  smal l ,  and w i l l  be strong l y  i mpacted by an i ncrease 

in the s ize and n umber of motor boats brought onto thei r  respect i ve waterbodies .  The legi s l ati on 

passed as a resu l t  of the findings of the Great Ponds Task Force c an he l p  ensure that noi se l eve l s ,  

shore l ine  eros ion ,  and safety h azards are regu lated on  Lake George and  Oaks Pond .  Enforcement of 

these regu lat ions i s  necessary, but wi th  re l ati ve l y  few authorized enforcement offic ia l s  from the 

IF& W, regu lat ions may be a cha l l enge ,  partic u l arl y on Lake George , where a publ i c  boat l aunch 

exi sts . 

Ice Fishin� 

Concerns 

Lake George and Oaks Pond host a variety of other recreati onal acti v i t ies  that potenti a l l y  

h ave negati ve effects on t he l ake water qual i ty. Ice fi sh ing on both lakes rai ses  concerns about trash ,  

fi re s ,  and oi l l eaks wh ich  threaten w ater qual i ty, heal th of w i ld l ife ,  and aesthetic enjoyment o f  other 

l ake u sers . Th i s  acti v i ty  is of part i cu lar concern on Lake George, where the LGRP sponsors an 

ann ua l  ice fi sh ing  carni val  to rai se funds .  Over-fi sh ing during the winter i s  also a concern (See 

Introduction : Lake George and Oaks Pond Characteri st i c s :  B i ol ogica l  Perspecti ve) .  

Management 
C urrent  l aws  and regu lat ions under the IF&W i n c lude dai ly  bag l i mi ts and min imu m  fi s h  

lengths for fi sh  c aught o n  both Lake George a n d  Oaks Pond .  T h e  State o f  Mai ne a l s o  i mposes a 

t ime l i mi t  on the fi sh ing  season , wh ich  l asts  from 0 1 -Jan to 3 1 -Mar ( IF&W 200 l b) .  The LGRP staff 

might  min imize the i mpact of ice  fi sh ing  on Lake George, particu larl y duri n g  the annual  park­

sponsored c arn i val , by ensuri ng that trash is c leaned up and gas and oi l pol l utants are c losel y  regu­

l ated on the ice.  Another poss ib le  method to lessen the i mpact of ice fi sh ing  on Lake George i s  

postin g  s i gn s  to rai se pub l i c  awareness  about the effects of trash and pol l utants on the l ake.  

Trail Uses 

A l l  l an d  resources  have an i nherent  and vari able abi l i ty to sustain recreational u se w i thout 

sufferin g  damage to soi l s ,  vegetat ion , and water qual i ty (Leung,  Yu-Fai , and Marion 1 996) .  The 

more sens i ti ve areas tend to be l oc ated i n  mountain parks and in forests  wi th steep s lopes and abun­

dant water runoff. Areas c haracteri zed by poor soi l s ,  s teep s lopes ,  h i gh moi s ture content,  and fragi l e  

vegetat i on are most v u lnerabl e  t o  h uman i nduced degradat ion . Trai l management programs may be 

neccessary to i ncrease the abi l i ty of the l and to wi thstand h uman recreational u se w i thout resource 

damage . The extent of management necessary for trai l programs i s  contro l led by two factors : the 
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\ ' O l u m c o r  l l S  \ d n d  t h . · h � t ra ·t ' t " ( r t h ' 1 � 1 1 1  I i t s  · I r I ro u l m �tn I <J 7 7  ) .  T h .  m � 1. 1 o r i t o l  [10 \ t - t r ; 1 1 I 

· o n : t ru ' l i o n  · h a n �c s  oc c u r \ i t h  i n i t i a l  or  l o w  I ' V ' l s  o r  L J �C a n cJ l 1 m i rw, h  ' C.., o n i J  rc r-c o p l l � t ha I \  1 1 t h 

i n  ' rc a s i n g  u s  I U IH!, .  Yu - r� 1 i , � 1 n cJ M �1 r i o n  1 996 ) .  F u rt h  r d  � rud at i rn on c l i J h l i . h cJ t ra i l c... 1 

l a rg I a fu n · t i o n o r  n i ro n mc n t a l  fac t or s  s u c h  a s  · l 1 m at  · ,  o l o ' , torograph , . ) i i a n cJ , t a l i o n  

a l l  Of  w h i  · h  i n fl u  n ' s i t  d u ra h i l i t  . S r t  1 1  . i n t n : 1 t f LI , a n d  U .'  r h h a  i o r a l : ) p J a  a n  

i m port a n t  r I i n  t h e p t n t i a l a mo u n t  o r  d o rad at i o n  ( L  u n g ,  Yu - Fa i . a n d  M a ri on 1 99 ) .  

T h e re a rc t h ree l c v  J · r t ra i l m a n ag m n t  : t ra t c g i  · t h a t  fu n c t i  n t o  m i n i m i z  t h  c t e n t  a n d  

rate o r  t ra i l  degra d a t i o n  ( Le u n g ,  Yu- Fa i .  a n d  M a ri n 1 99 ) .  i r. t .  t h ro u g h  a r  fu l l a  o u t  a n d  d e  1 g n ,  

t ra i l ro u te � a n  be l e  t d t h r  u g h  r l a t i v  I ' r , i t  n r s i . t a n t . ) i i a n d  v c:,ct <.t t i  n t pc \. h i l  a i d -

i n g  e n  i t i vc l a n d form . a n d  to  0raph . Tra i l m a n ag r .. · a n  a l  mod i f a n d  r u l a tc  re re a t i  n a l  

u e t  m i n i m i ze i m pact  n t h e t ra i l ' . F i n a l ! , t ra i l c n . t ru c t i  n a n d  m a i n t e n a nce  a t i  n can be 

i m p l e me n t e d  I e r i od i  · a l l to m a i n t a i n  t h  i n t egr i t y  f t ra i l a n d  t m r n 1 m 1 zc i n d a n d  w a t e r  e ro i on 

( Le un g ,  Yu - Fa i , a n d  M a ri on 1 996 ) .  B e  a u  a n  c t ab l i  hcd  t ra i l t e rn  u rrc n t l y  e i t i n  LG R P  

CEAT d i d  n o t  on  i cie r t h  f i r t t ra t  g I ll \  l v cd w i t h  i n i t i a l  t ra i l c n t ru t i  n . 

Low I mpac t  U ses : H i k i ne a nd C ross Cou n t rv k i i ng 

H i k i n g  a n d  c ro -c u n t r  k i i n g are p pu l ar ac t i  i t i c . n t h  t h e  e a  t a n d \. e t i de of Lake 

George \ h e re e x i  t i n g t rai l n e t w  rk h a ve a l rcad bee n e t a b l i  hcd H u  bard ,  per  . omm . ) . Soi l 

erosion a n d  egeta t i on d i  t u rbanc t h r  u g h  t ra i l w i de n i n g a re t h e  pri m a r  i mpa t that  the e ac ti 1 -

t ies  i mpo e on t h e  w a t e r  h e d .  The  i m p l e m e n t a t i  n o f  appr  pri a te t ra i l m a i n te n an e tec hn iques 

would he lp to mit i gate t h e e e ff e t . 

H ieh I mpact Uses:  S n o w mob i l i ne. A l l Terra i n  Veh icle Use, a n d  Mou n ta i n  B i kes 

Snowmobi l i ng  and i l legal A l l  Te rra i n Ve h i c l e ( AT V  u e both have ad erse effects on LG R P  

trai l s  bec ause o f  n oi e a n d  a i r  po l l ut ion po ten t ia l g a  a n d  oi l pi l l age and t h e  compact ion and 

widen i n g  of trai l s .  ATV s  a l so c ause e ro ion and damage egetat ion . These ac ti i t ies  a l so threaten 

the safety of other park vis i tors such as sk ier and h i kers, who sh are the same trai l s .  Mountai n 

bi k ing  a l so can have adverse effects on the trai l s , resu l t i ng  in  soi l compact ion and root degradat ion . 

Park managers and volunteers , under the di scret ion of the park, can enforce and regul ate these 

recreati onal  uses .  LGR P  is l i m i ted by fundi ng and smal l n umbers of park offic ia l s ,  making the 

regu l ation of these uses di ffi cu l t  to enforce ( Hubbard, pers . comm . ) .  S ign s  shou l d  be posted on 

desi gnated cross-country and s ki trai l s  to help i n form the publ ic  of perm i ss ib le acti v i ties .  

Trai l  Construction and Maintenance Actions 

Maintain ing the Trai l  Opening 

The trai l openi ng must be maintained on a regular bas is  to  ensure the safety and enjoyment of 

those who use the trai l .  These mai n tenance techniques involve c leari ng l arge rocks and trees in  the 
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conidor, brushing off overgrown sections,  l imbing overhead trees, and removing leaning trees 

(Proudman 1 97 7 ) .  

Limiting Soil Erosion 

Limiting soi l erosion on trai l s  i s  a cruci al aspect of management.  It has negati ve environ­

mental consequences for the watershed, i mpairs trai l use, and contributes to trai l widening (Leung, 

Yu-Fai , and Marion 1 996 ) .  CEAT offers some useful techniques that may be requi red to maintain 

the qual i ty and drainage functions along the trai l system 

in  the Lake George watershed: 

wrong 

I 
I '  

right 

.. � 

D irection o f  l/ 
maximum '? 
s l ope /. · �:. 

D i rect i on of . ··/ 
./· J maximum 

s lope 

F i gu re 5 9 .  A com parison of the 
"right" way and the "wrong" way to 
run a trail on a steep grade. On steep 
s lopes,  s ideh i l l  trai l  locations are 
necessary to p revent water runoff 
down the trail (Proudman 1977). 

down the s lope crosses the trai l wi thout 

trave l ing down the treadway (Figures 59 

& 60) . 

Waterbars 

Sideh i l l  Trai l s  and Switchbacks 

When a trai l is si tuated on a steep grade, s ideh i l l  

locations are needed t o  ensure that running water wi l l  

cross the trai l but not run down the treadway at high 

veloci ties inducing rapid erosion .  In most cases ,  the 

lateral area for the s idehi l l  i s  l imited and the trai l must 

tum periodical ly  i n  the opposite direction to form a 

switchback .  The switchback ensures that water flowing 

{ j Direction 

of Max imum 

S l ope 

Figure 60. Switchbacks function as sidehill tra ils 

that periodically change d irection on a slope 

(Proudman 1977).  

Waterbars tum and direct water to the downhi l l  s ide of the trai l .  They can be made of rock or 

wood, though rock i s  general ly  preferred because of i ts greater longevity and strength . However, 

wood waterbars tend to be the most common because sui table rock i s  often difficu l t  to acquire 

(Proudman 1 977) .  An ideal waterbar set for optimal drainage i s  usual ly  p laced at an angle across the 
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t ra i l h -- t w ' ' 1 1  I �  � l l l U  ·-lO l c � r  ' S ' h r ·  t h  f l ow o f  t h · '  <. t l  r o r ! t h · t ra i l k ' J l \  t h · a t  · r ha c l  " tn > I 
so i l : . r n u  c t h  r u h r i s . W h  · n  t h i s t p ·  o f  s · l f- 1 1 1 u i n t a i n i rw a t  · rha r · a n n c t h · c r · a t  ' U  c. J ra 1 n ag , 

m a i n !  n a n ' h · o m  s 11 ' · s s a ry t o  ( t l l m for t h  n � t l u ra l  r i m o r \ � I L  · r  on a n cJ o l l t h e t ra i l . D rn 1 n  

��---�-" \yond watcrhar  i �ock  w:.. l l c rhar  
_ .. J I \ �I-. .

. 
'\ --,l . \�le� �'\:__ � 

Ji d l l 1 "' <l ra i n  \_:_J - -- \ 

Figu re 6 1 .  Wat e r b a rs set ac ross t he t r a i l  

at an angl e  fu n c t ion  t o  d i vert  wate r to  

the down h i l l  s i d e  o f t he tra i l. A d ra i n  

d u g  before the waterbar he l ps t o  ensu re 

proper d rai nage ( Prou d  man 1 977) .  

the avai labi l i ty of water di versi on s i tes .  Genera l l y 

on grades of 20 percent or more ,  water re moval 

through the i mplementation of waterbars should 

occur as often as possi ble . The LGR P  trai l sys­

tem s  traverse steep s lopes on both s ides of the l ake 

maki ng waterbars an i mportant drai nage and 

erosion control device that have yet to be i mple­

mented (Fi gure 61 ). 

.' h o u l cJ h c.J u o  w i c.J  n o u  1 ' 1 t o  a l l ow l o r a c.J 1 r  c t  

n o o f  ru n o ff I for i t n r ac h e s t h  

w u t e rl a r. ' u r  fu l p l �t c  111 n t  r \ a t  rbar� h o u l d  

a l l o w \ a t e r  t b · h a n n I cJ fr m t h e  t ra i l  w i t h -

u t . i o n i f i c a n t l i m p d i n g  fl ( Pr u cJ m a n  

1 9 7 7  . I p . t h a t  · u ff r r . i n w a t  r 

· h o u l cJ h r 111 0  cJ a t  t h e t o p I t h e I pe t 

pr v n t  I u rt h  r d a m  a,..., . T h e  pac 1 n0 f 

w a t rbar. d pe n d . n t h e  g rade f t he pe and 

Figu re 62. Steps are used on vertical 

rises to e n hance soi l retent ion and 

p roper drainage. Steps take man y  

forms and m a y  b e overlapping o r  

separated by backfi l l  (P roudman 

1 977). 

Steps provide a stable vertical  ri se on a trai l ,  s lowing water down whi le  retain ing  soi l 

(Proudman 1 977) .  The i mportance of steps i ncreases as trai l s lopes become steeper. Steps are 

seldom needed on moderate grades,  except above waterbars where they serve to prevent c logging .  
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On steep s lopes ,  however, steps are cruci al for soi l retent ion and stabi l i ty. Rock steps are usual l y  

more des irable than wooden steps because they are both durable  and aesthetic al l y  pleasi ng .  

The trai l system on the west s ide of LGRP contai n s  an especi a l l y  steep s lope along the Fi sher 

Trai l wh ich  cou l d  benefi t  from the i mplementati on of steps in certai n p laces (Fi gure 62). 

B erm Removal 

Trai l s  that undergo heavy use may develop a narrow trench i n  the center of the trai l ,  espe­

c i a l l y  in  forested areas w i th soft ,  loose, sandy 

soi l s  (Gri swold  1996). Di splaced soi l then 

accumulates on the outer edge of the trai l ,  

forming an outs i de berm .  The berm can 

potent ial l y  al ter the natural drainage and 

runoff patterns across the trai l ,  which c an 

then lead to severe ero ion .  Manage ment 

. �n.,,;,, �-�'C�/ ·. . 
- · 'f"'/ y . .  Open Rock C u lvert 

C losed Rock C ul vert 

• 
T h i s  Becomes  

benn 

Figu re 63. Displaced material forms berms on 
the oute r edges of a heavily used trail . 

Remediation requires that the berm material 
be shoveled back i nto the ce nter of the trail 
(Proudman 1977). 

i n volves occasional l y  removi ng the berm and 

shove l ing it  back i nto the center of the trai l .  Crown­

ing the center of the trai l w i th excess materi a l  c an 

provide further benefi ts  by a l lowing for compact ion 

(Fi gure 63) . The bui l d  up of berm materi a l  h as not 

presented a major problem i n  the LGRP. However, 

areas that undergo the heaviest use inc l uding  ATV 

and other h igh i mpact uses need to be monitored to 

ensure that the trai l s  are not rapid ly  degraded.  

Cul verts 

Figu re 64. Culverts are i mple mented 
over stream crossings. The open form 
differs from the closed form in  that it  

lacks a treadway bridge (P roudman 
1 977). 

C u lverts  a l low drain age to occur where a 

trai l crosses a stream. Natural cu l verts may be 

construc ted of rock or wood and may be in an open 

or c l osed form. Open cu l verts do not contai n a bri dge over the opening;  however, c l osed c u l verts 

provide an overly ing tread for water to flow underneath (Figure 64 ) . Rock i s  general l y  preferred 
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he · a u :c w e  oJ 1 s  pre n " t o r� t p i c J cJ � t  · r i o n 1 t 1 o n . T h  d · p t h o f  t h e >p · n  c u l ve rt cJ · r  · n d � on t h · � 1 n t 1 <..1 -

p a t  cJ w a t c rrl o\\ ' .  T h " · u l vc n rn u �t h w i cJ n o u l! h  l or  t h · 1.,a f · t  c f  t ra v  I T  \\ h o  m �1 n · · c J t o t · r 

dc m n i n t o  i t .  l osccJ  c u l v e rt s  a rc u s u a l  I · a 1  l c J  \ \  i t h  : l a h� c r r >c k , \, h 1 c h  a r  � u r ro rt · cJ h 1 cJ c  

s u r ro rt ro · k s  ( h o u r  6 _ :  r i : w c  I d  1 996 ) .  L I  t o t h  h i g h n u m b  r o r  1., t rc (l m  T � I n f!  i n  L " R I  

c u l  t o n s u r  t h at \ a t  r fl O \ : f)a . t t h  t ra i l .  w i t h < U L  c o n t i n u i n o  d w n  t h  

t r  a d  a . B c c a u :  

c i l l  b nc  

· !\  ' : a n a l  . i :  w a s  c o n d u c t  c J  i n  a r · l a t i I d ry a u t u m n . c a �  r n ,  u t u r a n a l  -

t o  dc t  rm i n  t h  i m port a n c  c. r c u l v  rt . i n  L ' R P  ha . d rn t h a m  u n t  c 

pot e n t i a l \ a t c r  r1 \! i n  t h e  st re a m : .  

Figu re 65. Reta in e r  ba rs are laid 

across the tra i l  and fu nction to ho Id  

trai l  material in  place ( Proud man 

1 977).  

Riprap 

Riprap i s  another soi l retent ion 

device that can be used on nearl y any grade 

when retainer bars and steps are not appro­

pri ate . A ri prap secti on i s  general ly  com­

posed of rock,  i nc l uding wal l rocks p laced 

on ei ther end, l arge , fl at keystone rocks 

which are meant to be wal ked upon , and 
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S o i l  Rete n t i o n  Devices 

R 

t h e t ra i  I a n d  h I d  

d i r1 a n d  fi l l  m at r i a l  i n  p l a  T h  appear i m i l ar t 

. t p · , h WC \' r. t h e a rc n t n fi n  d t tecp I p 

a n d  a rc ft n e n t i re l y  b u r i e d  b t h e  t ra i l t read m a t e ri a l  

G r i  w I d  1 9  6 . R k i t h e  pre f  erred m at e ri a l for 

re t a i n er bar  b a u  f i t h i g h d u ra i i i t y a n d  t re n g t h  

F i 0 u rc 65 ) .  A m n t i  n e d  p re v i ou I , t e e p  g ra de on 

t he \ i de f LG R P  a l o n g  t h e  Fi h e r  Tra i l mak e the 

t rc a d w a  p r  ne t e ro i n a n d  r e p t i  e to re t a i n e r  

b a r  . 

wa l l  rock 

r i p-rap rock 

. .  

wal l  
rock 

· · crushed fi 1 1  
· · ('\- . .  

rock 

· .  • \.. old tra i l  surface 

Figu re 66. Rip- rap serves as a soil rete ntion device 

and is made of three co m ponents : wall rocks, rip­

rap rocks (or treadway rocks), and crushed fill  

rock (Proudman 1 977). 

Page 1 84 



crushed roc k stuffed sol i dl y  under the keystone (Fi gure 66) .  

Trai l  Hardening Devices 

Trai l s  ly ing  in fl at , l ow- ly ing,  wet terrain ,  and those that pass through bogs are frequent ly 

threatened by the destruction of p l ants and surface soi l s .  Wet,  s l ippery, muddy trai l s  deve lop rapi dl y 

on these l ocati ons ,  resu l t ing i n  puddles of water on the treadway. In these areas , h i kers often walk to 

the s ide of the trai l leadi ng to a destructi ve cyc le  of soi l breakdown and trai l w i deni ng .  These effects 

w i l l  be most noticeable  i n  LGRP duri ng the spring months when the trai l s  usual l y  recei ve the h i ghest 

amount of moi sture .  A variety of techniques can be i mplemented on trai l s  i n  wet areas to stabi l i ze 

soi l s  and al l ow trai l si de vegetati on to recover. 

Wet ,  muddy sections often develop because the trai l i s  lower than the surroundi ng terrain .  

Water drai ned through soi l s  c an become trapped on the l ower surfaces o f  the treadway. Thi s  trapped 

water may i ndicate the need for a drai nage device,  which would permit  water to flow off the trai l .  A 

trai l that appears low and fl at may have a moderate s lope making  it recepti ve to water bars and 

drain age ditches .  Th i s  condit ion i s  espec ial l y true i n  LGRP where the trai l systems occ ur pri mari l y  

along the s lopes o f  h i l l s .  Drai ning o f  an area i s  

preferred t o  t h e  bridges and other types of trai I hard­

ening techniques that fol l ow (Proudman 197 7 ) .  

S tep Stones 

S tep stones  set in to mud form a stable,  dry 

treadway for h i kers . They may occur s ingly, as a rock 

treadway that uses many roc ks set s ide by s ide ,  or i n  a 

rockbox framed by l ogs (Proudman l 977 ) .  

B ridges 

B ri dges are used in a vari ety of locati ons to 

form a hardened tread across bogs, marshes,  streams 

or gul l i e s .  Though many types of bridges exi st ,  there 

are two bas ic  types of bri dges that are s imple  to 

construct :  top l og bridges and sp l i t  l og bridges .  Top 

l og bridges tend to be stronger than sp l i t  log bridges 

due to the amount of materi al  removed from the 

treadway l ogs .  In top l og bri dges, the top th ird of the 

l og is removed, whereas spl i t  l og bridges have as 

much as one half the materi al  removed. The sp l i t  l og 

< ;? 
-- ·- _., sp l it 

log 
bridge 

Figure 67. Topped log b ridges and split 
log b ridges are two types of common , 
simple bridge s that can be used to form 

hardened tread ways across wet 

expanses of trail (Proudman 1 977). 

bri dge is more economical  and weighs less than the top log bridge , making tran sportation less  

cumbersome. In both types of bridges ,  the base logs are notched so that treadway l ogs can be set 
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FUTU R E  PROJ ECT I ONS 

POPU LAT I ON l' R E N D  

H istoric Populat ion  Trends 

T h  popu l a t i o n g r  \V t h  p a l l  111 of ;m a a n  r s mhl  th  f man  ru nt ! t o w n  in  M a i n  

R ap i d  t t l · m e n t  t oo k  p l ac i n  t he ear l  I 00. d u  to t h  l u r  f u n :  t t l  d fr n t i e r  l a n cJ F i g u re 

C a n a a n  1 99 7 ) .  A ft r t he i v i l  Wa r, h w v r, m a n  ad d w :t  b ri n 0 i n 0  u i n e 

a n d  i n du � t ry w i t h  t h  m .  P a n aa n  i n  t h  I 6 \ h n t h / re a l i zed t ha t  w i th 

re Ii a b  I c c a r  , , t h c · u I d w r k i n t h  

cou n t  . S i n ce t h i 

C a n a a n . 

r k w h c,..,an a n d  t i l l  m a i n t a i n a ru ra l l i fe t y l e i n  th  

n t i n u  d t at t r< ct p p l  t e t a b l i h re i denc  i n  

The g rov th  pat t e rn  o f  S k o-v h c t:- a n  a rc d i  ff r n t  fr m t h  1 n  a n aan . T h e  p p u l a t i n f 

S kow heg an rap id l i n  re a ed rap i d l  d u ri n o  \>-.1 h a t  a rc t rmcd t h  ' b u i l d i n g  e a r .
, 

b t v  e n  1 860 a n d  

1 890 ( F i gu re 69 ; S kow h e g a n  l 95 . B t h e t u rn f t h  e n tu r t h  r \\ e r  more t h a n  _ o  factori e  i n  

t h e  u rb a n  c e n t e r  s u no u n ded b far m l a n d  a n d  pe n p a  e .  S k O \  hegan  d i d  n t e pe1i ence the dec l i ne 

i n  pop u l at i on t h at C a n a a n  d i d b tween 1 60 a n d  1 940 , i n  fac t t h  p p u l a t i n i n  rea ed b rough l y  

5000 people  d u ri n g t h i  per i od .  A b 1i c f  d c re a  e i n  popu l a t i on 0 ro w t h  cc u rred i n  1 9 70 b u t  i nce 

the con struc t ion of t he S .  D. Warre n pap r m i l l ,  gro\:\ th ha re um d. The pop u l at i on of S kowhegan 

is curren t l y  i ncreas ing  a t  0 . 5  perc e n t  per  e ar ( M a r  ot te ,  per . com m . ) .  

Future Population Projections 

Popul at ion i ncrease over t i me is i ndicat i ve of a ri e i n  de e lopment w i th in  an area .  Regions 

of the watershed that may expetience po ten t i al  problem w i th nutrien t  loadi ng and runoff due to 

developmen t  can a l so be ident i fied based on populat ion dens i t ies .  I n  200 l the popu lat ion of 

S kowhegan was 8 8 24 and Canaan 2 ,0 1 7 . Accordi ng  to Tom Marcotte the S kow hegan Town P l an­

ner, the popu l at ion 
·
of S kowhegan is  current l y  i ncreas ing  at 0.5 per year and th i  trend is  expected to 

cont i n ue .  Marcotte a l so i ndicated that on l y  1 00 addi t ional  people have estab l i shed res idency i n  

S kowhegan wi th in  the l as t  ten years (Marcotte, pers . comm . ) .  Canaan , o n  the other hand, i s  experi ­

enc ing 3 percent popu l at ion growth per year. Marcotte stressed that Canaan i s  becoming a "s leeper 

town ."  People are moving i nto the area for i ts natural beauty, quiet ,  rural sett ing ,  wh i le taking 

advantage of S kowhegan , a l arger town ,  on l y  m i n utes down the road where they can work and 

conduct busi ness .  Growth,  whether sma l l  or l arge,  wi l l  have environmental i mp l i cat ions for the 
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Figure 68. Popmation trend for the Town of Canaan from 1850 to 2000. The 
population of Canaan is currently increasing by 3 percent per year. Data obtained 
from the Comprehensive Town Plan of Canaan. 
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Figure 69. Population trend for the town of Skowhegan from 1 850 to 2000. The 
population of Skowhegan is currently increasing at 0.5 percent per year. Data 
obtained from Town of Skowhegan 1995 Comprehensive Plan and Tom Marcotte, 

Skowhegan Town Planner. 
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DEV E LOPM ENT PRO.J hCTI ONS 

Met hods 

U s i n g  t h ' � R I A r  · Vi w ® . · - p ro !.!, ra rn . d m a p  o r  t h  w a t c rs h  d w a .'  · r  a t  d a n d  u d to 

dcte rm i n  a re a . · w h  ' r  fu t u r  U, ro w t h  a n d  d ,. · l o pmc n t i �  l i k  I ' t ) o · · ur F i !.!, u r 70 . Th m a p  i . a 

com p i l a t i o n  r m u l t i  p l  l a  / r. : w a t  r bod i e s .  r � i d s .  w e t l a n d : .  J n d  ta , m a p � .  Ta m a p. · h w h '" ' 

t h  lan d  i · s u b d i v i de d  i n t o  v a ri o u s  l o t s .  I - a  · h  l a  1 ' r pro v i de s  i n fo rm a t i o n  r ..... ard i n g  dc v I pm n t  

p ten t i a l  based on k t  · i zc , l a n d  u s " ,  a n d  a v a i l a b i l i ty . M t i n o s w i t h  bo t h  T m M arc ot t  and R an d  

G ra y  pro v i d  d h l p fu l i n . i gh t  a . t o  \\ ' h i  · h l o t s  a r  l i ke l y  t b d v I p d and w hy. D i , u i n \V i t h  

B o b  H u bbard ,  P l u m  r c k  T i  m h  r o m p a n y. I n - . .  a n d  t h  I F ', W a l · o · rved a · ddd i t i  n a l  · ur c 

f i n format i on .  

Resul ts  and Discu s10n 

E AT l earned rr m M a rc ot t e  a n d  ru I t h at  m u  h r t h  ar a ar u n d  L a h: c  

Pon d  i a L i m i ted R · i de n t i a l  D i . t r i c t . Th i  t p r l and  i · u i t ab l e  f r r i d  n t i a l  a n d  rec re a t i on a l  

grow t h ,  b u t  not  f r c o m me rc i a l  o r  i nd u  · t ri a l  d ve l pm n t  M D  P I 9 a . n e uen t l . n e \  

com merc i a l  and  i nd u  t ri a l de c l  p m  n t  i n t e x p  c ted  w i t h i n  t h  wa t  r · hed . R a t her, t h i  t y pe f 

deve lopme n t  i I I  o c u r  t h r  ugh t he r u c and adapta t i  n f e t t e  a n d  Gray a l  o 

e xp l a i ned t h at t he  m aj ri t f t h h rc l i n  r i den t i a l  I t  ar m a l l to u bd i v i de and t i ll meet 

the m i n i mum lot t andard . T h i  b e r  a t i  n i m p l i e  t h at l i t t l e  horc l i ne d ve l opment w i l l  occ u r  

t hro ugh t he ubdi  i i on of  e x i  t i n g l ot . 

Lake George Reg ion a l  Park w n  l ot n t he ou thea  t and  ou th -v e t port i on of the lake 

(Fi gure 70) .  The park i s  c u rre n t l y  i n  th proce of  pur h a  i ng a l ot t h at v i l l pro ide an addi t iona l  

2 ,000 ft of shore l i ne fron tage t o  t he e a  t i de o f  t he Park . Th i s  p urchase w i l l lea  e re l at i  e l y  l i t t l e  

shoreli ne ava i  I able for deve l opmen t on t he ea  t i de .  There are a few lots on the no11heast s ide of 

Lake George that are large enough to be subdi ided and de eloped. Howe er, development on these 

lot s  i s  unli kely i n  the near future because they are c u rre ntly i naccessi ble by road. Deve l opment  i s  

proh i b i ted near the t 1ibutaries  o f  Lake George due t o  the presence o f  wetlands . Even fewer lots are 

avai lable to be developed a long the Oaks Pond shoreli ne .  The m ajori ty of shore l i ne lots h ave a l ­

ready been developed and the rem ai n i ng l and on the  southwest s ide of the  l ake i s  l arge l y  wet land 

area .  The Lake George and Oaks Pond combi ned watershed is li ke l y  to experi ence a di fferent  type 

of growth than the development of new homes .  The transfer of ownersh ip  and, as men tioned e ar l ier, 

the con vers ion of homes from seasona l  to year round use i s  more l i ke l y  i n  these watersheds. Even 

Biology 493: Lnke George nnd Onks Pond Pnge 1 88 



Futur e Development Map 
I I Canaan 
I I Skowhegan 
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Figure 70. Future development map used to project areas with the potential for future 
development. Tax Maps for Canaan and Skowhegan show how the land is subdivided 

into various lots. Lots with road access are more likely to be developed first. 
Development is prohibited in wetland areas. Data obtained from the Canaan and 

Skowhegan town offices. The Lake George and Oaks Pond watersheds are outlined in 

red. 
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though th is  type of growth i s  not new development per se , it could have a profound effect on erosi on,  

the potenti al  for sept ic  system contamination,  and the overa l l  deteri orat ion of l ake water qual i ty due 

to i ncreased h uman acti v i ty. 

Oaks  Pond i s  avai l able for publ ic  fi shi ng ;  however, no pub l ic  boat l aunch or mean s  of ac­

cess ing the w ater ' s  edge exi sts wi thout crossing through pri vate property. Oaks Pond has been 

p l aced at the top of the IF& W ' s  pri ori ty l i st for access acqui s i ti on and development .  Thi s  means that 

the IF&W is invest igating  possi ble s i tes  for wal k-in or car-top access to Oaks Pond.  They have 

i denti fied one parce l  of l and owned by P lum Creek Timber Compan y, Inc . that might be avai l ab le .  

The  l and use  map shows  that the proposed lot ,  a t  the southwest comer of the  l ake,  i s  categorized as  

p asture l and and cou ld  potenti a l l y  be  developed ( See Analytical  Procedures and Findings : Land Use 

Assessment:  Figure 3 1 ) .  However, Gamet Ricker, a forester wi th P lum Creek Timber Company, Inc . 

who i s  workin g  wi th in  the Lake George and Oaks Pond combined watershed, menti oned that he  has 

not been contacted about the matter. He suggested that a substant ia l  amount of work i s  needed to 

i mprove road access i n  o thi s parce l  of l and before it i s  suitable for publ ic  use .  Plum Creek Ti mber 

Company, Inc . owns a few other lots of l and within the combined watershed. They have announced 

that they p lan to manage thi s l and to maximize its  value .  Thi s  projection would inc lude both future 

l oggin g  and the development of new res identi a l  lots i n  some of the non-shore l ine  forested l and.  

Other than the areas mentioned, there are re l ati ve l y  few lots remai n ing to be developed, which  w i l l  

he lp t o  maintai n the leve l  o f  w ater qual i ty current ly  present i n  Lake George and Oaks Pond.  

RAMIFICATIONS OF PHOSPHORUS LOADING 

The Phosphorus Mode l can be used to predict future phosphorus l oading estimates based on 

w atershed development proj ecti ons  (See Analytical  Procedures and Findi ngs : Land Use Assessment:  

Phosphorus Loading) .  CEAT used the future development map to determine  areas in the w atersheds 

that were l i ke l y  to be developed and then proposed four development scenarios over the next 25 

years for each of the w atersheds (See Development Projections :  Figure 70) . These projections 

inc l ude l ow and h igh amounts of demographic chan ge wi th and wi thout heavy l ogging .  The demo­

graphic  chan ges  proposed consi sted of the conversi on of homes from seasonal  to year round use , and 

an i nc rease i n  the number of shore l ine and non-shore l ine  homes .  These c hanges would i ncrease both 

the number of people I i  v ing  in the w atershed and the number septic systems . I t  w as assumed that 

new homes would be bui l t  on w hat i s  c urrently agricu l tural l an d, and mature and trans i ti on al forests , 

decreasin g  these l and areas by the amount that new homes w ere projected to cover. CEAT also 

assumed that addi tional c amp roads would be deve loped over the next 25 years because at l east some 

res identia l  growth wi l l  occur in areas that are not current ly access ib le by roads . Fina l l y, l oggin g  

acti v i ty wou ld  decrease the area o f  mature and transi t ional  forest by convertin g  this l and t o  c leared 

l and fol lowed by regenerating  l and.  

The four future development scenarios  for Lake George are l i sted below. 
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• T h r  c s h or e  I i n ., s ason�1 l h o me . ·on · rt  t o  a r  ro u n cJ . 

• i x  s a:o n a l  s h or l i n  h o rnc:  c. 1dc J  d .  

• i g h t  car  n u n d ,  n > n - : h orc l i n  h ) ! T I " add d . 

• H a l f- m i le  o f  c a m p  roads add d .  

• 3 ,00 i : i t  r s  p r · c. 1 .'on at Lak corg R eg i on a l  Park 5 ,000 p rson 1 11 cre c. 1 sc  v r th  

2 0 I a l uc . 

• I n  rca 1 11 re i de n t i a l  l an d  a n d  road. w re !ls t h  a d  c l i ne i n  m ature and t ran  i t i na l 

f re t .  

H i gh De mograph i c  h an:;;ic 

• Fi c year  round ,  h r l i n  h m add d . 

• Sc en  ca nal , · horc l i nc h me added .  

• 20 year rou n d  n o n - h re I i  n home add d .  

• One and a ha l f  m i l  a m p  road adde d .  

• 3 5  000 vi i tor p r ca n at Lake G rgc R e 2 i on a l  Park ( I  0 ,  

200 1 va lue ) .  

per n 1 nc rea  c o er  the 

• I ncrea e i n  re i dent i a l l and a n d  road wer o ff  ct b a dcc l i n  i n  mature and tran  i t i onal 

fore t .  

Loggi ng Scenario  added t 

• One mi le  of logg ing  road added for l ogg i ng a 

• 1 50 .96 hectare of mature and tran i t i  na l  fore t c leared f r logg ing .  

• Two bouts of loggi ng were a u rned to be ten ear apart . 7 5 . 4 8  hectare were added to both 

c leared l and and regenera t i ng l and .  

The Phosphoru s  M odel  for the  c uITent condi t i ons in Lake George predic ted a val ue of 8 .6 

ppb of phosphorus (Table 1 3 ) .  Thi s predict i on compares ery c lose ly  to the phosphorus level deter­

mi ned by the CEAT water qua l i ty  anal ys i s ( 8 . 8  ppb ) .  The Phosphoru s  Mode l predic ted a phosphorus 

l oading  val ue of 9 .0  ppb for the low demographic ch ange scena1i o and a val ue of 9 . 5  ppb for the 

h igh demograph ic change scenario .  These resu l t s  suggests that our est i mates for popul at ion growth 

and res ident ial deve lopment wi l l  have a re lat ive ly  low effect on phosphorus loadi ng  leve l s  in Lake 

George . When logging  i s  added to the scenarios ,  however, a much larger increase i n  phosphorus 

leve l s  occurs .  The l ow project i on with loggi ng adds 1 .9 ppb of phosphorus and the h igh project ion 

wi th  l ogging  adds 2 .4 ppb of phosphorus to the c urrent  leve l s .  These project ions for Lake George 

indicate that logging potent ial l y  has a h igher impac t  on lake water qual i ty than other l and uses .  

The four future development  scenarios for Oaks Pond are l i s ted be low. 

Low Demographic  Change 
• Fi ve seasonal shore l ine  homes convert to year round.  

• One seasonal shore l ine  home added. 
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• Five year round, non-shore l ine  homes added. 

• No roads added.  

• Increases i n  res idential l and and roads were offset by a dec l ine in  mature and trans i tional  

forest .  

High Demographi c  Change 

• Ten seasonal , shore l ine homes convert to year round. 

• Three seasonal , shore l ine homes added. 

• Ten year round, non-shore l ine homes added.  

• One rril le of c amp roads added.  

• Increases i n  res idential  l and and roads were offset by a dec l ine in mature and trans i ti onal  

forest .  
Loggi ng Scenari o added to Low and High Projection 

• 60.4 hectares of mature forest and agricu l tural l and c leared for logging .  Less  logging was 

predicted in  the Oaks Pond watershed because there are fewer mature forests than i n  the Lake 

George w atershed.  

• Two bouts of loggi ng were assumed to be ten years apart .  30.2 hectares were added to both 

c leared l and and regenerati ng l and.  

The Phosphorus Mode l for the c urrent conditions in Oaks Pond predicted a va lue of 9. 1 ppb 

of phosphorus (Table 1 3 ) .  Thi s  prediction compares very c lose l y  to the phosphorus level deterrrilned 

by the CEAT water qual i ty analysi s ( 8 . 7  ppb) . The Phosphorus Model projected a phosphorus 

loading  val ue of 9 .3  ppb for the low demographic change scenario and a va lue of 9 .5  ppb for the 

h i gh demographic  c hange scenario .  These deve lopment scenarios had a rel ati ve ly  smal ler affect on 

phosphorus l oadi ng in  the Oaks Pond watershed than in the Lake George w atershed.  Thi s  difference 

is l i ke l y  due to the fact that the Oaks Pond watershed, especi al l y  along the shore of the l ake,  i s  

a lready s ignificantl y more devel oped than Lake George; less future development i s  possible i n  the 

Oaks Pond w atershed.  When logging is added to these scenari os ,  the low projection increases to 9.4 

ppb of phosphorus and the high proj ection increases to 9.6 ppb. 

The Phosphorus Model confi rms that both residential  development and l ogging  in  the w ater­

sheds wi l l  i ncrease the phosphorus leve ls  in  the respective l akes .  The potential  for development i s  

h i gher for the Lake George w atershed due i ts l arger s ize and the abundance o f  undeveloped mature 

and transi tional  forests .  Thi s possibi l i ty could e levate phosphorus concentrations i n  Lake George to 

leve l s  h igher than Oaks Ponds if development is not carefu l ly  p l an ned. However, assurrilng that 

CEAT proj ect ion s  refl ect future development patterns phosphorus leve ls are not l i ke ly  to reach the 

cri tica l  l i rrilt  ( 1 2  to 1 5  ppb) for potentia l  algal b looms i n  ei ther l ake i n  the next 25 years. I t  is  pos­

s ib le , however, to h ave underesti mated the degree of future residential  development, addit ion of 

roads, and logging .  If  a l arger amount of development occurs in the next 25 years than has been 

proj ec ted, phosphorus leve l s  in the l akes could i ndeed be h igher than predicted. 
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Ta h l c  1 3. P h os p h o r us M od e l  sce na r ios  fo r La ke ( ; co rgc a n d  Oa ks Po n d .  T h e 

Phos p h o r us M od e l  was u sed t o  p red ict  t he c u r r  · n t  v a l u e  of  p h os p h o ru . i n  eac h  la ke.  

The p red i c t e d  va l u e a n d  t he v a l u e  d e te r m i n ed t h r ou g h  ' E A T ' s w a t e r  q u a l i t v  

a na l )1 S i s  w e re \ c ry s im i la r. Low a nd h i g h  d e v e l o p m e n t  p r ojec t i o n  sce na r i os w i t h  

a n d  w i t ho u t  loggi n g  w e re r un fo r a 25-yca r hor i zo n .  Seaso n a l  con vers i o n  o f  homes,  

t he a d d i t i o n  of  s h o re l i n e  h o u ses, n o n -s h o re l i n e  houses,  a nd r oa d s  w e re i nc l u d ed i n  

each sce na r io. C h a n ges i n  s uccess i o n  o f  fo rest h a h i t a t s  w e re a l so c o n s i d e red . ec 

1 1  u t u re P r oject i o n s :  R a m ific a t i o n s  of  Phos p h o r us Load i n g  fo r m o re d e t a i l s .  

La ke G eo rge Oa ks Po nd 

. 6  ppb 9 . 1  ppb 

LO\V De m c,raph i  h an gc 9 . 0  pph 9 .  ppb 

H i gh Dcmograp h i  han  9 . 5 ppb . 5 pp 

h a n gc I 0 . 5 I I b .4 ppb 

h a n gc I I .  . 6  pp 
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SUMMARY 

The water qual i ty of Lake George and Oaks Pond i s  current ly bel ow the cri ti cal range for 

phosphorus ( 1 2  to 1 5  ppb) ,  which i s  the primary cause of algal b looms .  These low levels of phos­

phorus are one of several characteri stics  that c lass ify both lakes as mesotrophic . The results of other 

physical and chemical tests were al so within acceptable ranges for heal thy lakes wi th the exception 

of di ssol ved oxygen and alkal in i ty. Oxygen depletion is occurring in deep areas of both l akes ,  which 

can affect the coldwater fi sheries negati ve ly  and i s  an early warning sign of eutrophication . Alkal in­

i ty  helps to buffer a l ake by mit igating the effects of ac id  deposi t ion . Our study indicates l ow alka­

l in i ty for both l akes and a result ing sensit i v i ty to acid  inputs.  CEAT calculated a water budget and 

annual flushing rate for both lakes .  The flushing rate is a measure of how fast water is rep laced 

wi th in  the l ake and reflects the nutrient/pol l ution c leansing abi l i ty of the l ake . The fl ushing rate for 

Oaks Pond i s  more than fi ve ti mes greater than that of Lake George . Consequent ly, Lake George has 

a h igher sensi ti vi ty to utrient loading than Oaks Pond. However, the water quali ty of Lake George 

and Oaks Pond are c lose ly  re lated because Lake George drains into Oaks Pond. 

A primary objecti ve of our study was to identify land use patterns wi th in  the watersheds and 

document their effects on water qual ity because l and use influences the magni tude of phosphorus 

inputs in to the lakes .  A Geographic Information System (GIS)  was an invaluable tool for analyzing 

l and use and development trends, through the construction of composi te maps and models .  Land use 

in  the watersheds changed dramatical ly  over the 42-year peri od studied. A compari son of 1 95 5  and 

1 997 l and use patterns,  made possi ble from aeri al photographs,  showed a maj or increase in  mature 

forests in  the Lake George watershed and a drastic decrease in  agri cul tural l and in  both watersheds. 

The mature forests help to mi tigate erosion and phosphorus loading that can affect water qual i ty. 

Acti ve logging of these mature forests within the Lake George watershed, part icularly, is a 

concern and use of best management practices i s  recommended. Compl iance wi th the Natural 

Resources Protection Act is also i mportant .  Future logging is more l i ke ly  but less sui table in the 

Lake George watershed and more sui table but less l i ke ly  in  the Oaks Pond watershed as determined 

by the l ogging sui tabi l i ty model . The mode l integrates soi l types and s lope of the l and to project  

areas that  could support loggi ng with minimal detrimental effects on l ake water qual ity. 

Shore l ine res idential l and surrounding Lake George increased from very few residences in 

1 95 5  to approxi mate l y  34 houses today. Oaks Pond has experi enced a s imi l ar increase in  the num­

ber of shore l ine res idences .  Thi s  l and use type is of part icular concern because of the greater poten­

ti al for nutri ent  l oading from shorel ine development and septic systems than from these activ i ti es i n  

non-shore l ine areas o f  the watershed. Shorel ine development may cause i ncreased erosion and 

phosphorus loading caused by the presence of i mpervious surfaces and by di sturbance of shorel ine 

vegetat ion . Oaks Pond i s  at a higher ri sk for these problems because of the h igh number of shore l ine 

camps and the potenti al for conversion of camps from seasonal to year round use .  Lake George is at 
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l a ke  s h or l i n  a n d  s u b s  ·q u · n t l  r · d uc c s t h ' rot cn t 1 a l  r or rr oh l  · m  r · l a t ed to s h or · l i ne ck v · J o r rn n t . 

I n st a l l a t i on ( r ad q uat . hor  l i n  I u ff · r  s t r i ps i n  rr m t  o f  r � i c.J cnc  I \  a n con o m i c c.t l (.t n cJ c f f  c t 1 vc 

ros i o n  ancJ , u b. q u  n t  n u t r i n t  l oac.J i n g .  B (.t�cd c n c u r a n a l  

s t r i p · n Lak corg a n d  3 3  p rcc n t  of  bu ff r . t r i p: on 

I S , 6 ' f 1  fC C ll l  ( f bu ff r 

J b u ff r d . 

R oad i 0 n i fi c a n t  pat h \  a s for n u t ri n t :  t o  n t  r t h  l a k  .' . M r acJ . .  u rr u nd-

i n g Oak P nd ru n i n  · l o  c pr i m i t  to  t h e · h r l i n  and ar  an i rn rn c.J i a t c  thr  a t  t water  q u a l i t  

Two f t he  l a , i fi d as  h i  o h  r i s k . The  maj r i t of  a l l road . i n  t h  Lake  rgc and 

O a k  Pon d m i ncd at L' hcd \ b i n  a ri · k l o  l a k e  v. a t e r  q u a l i t  . There i nc 

h i gh -r i  k r ad i n  pr 

We be l i e e t h at t he Lake r6  R o i  na l  Park  h a · b n prac t i  i ng 

t e wa rd h i p  f t he l an d  u n der it c n t ro l .  H \ v r, t h  p u b l i b at  l au n c h ,  b rn  c l  park i ng I t an d 

the ea  t i de a cc  r ad arc f part i c u l a r c n rn f r wat e r  q ua l i t  m a n abc m n t .  The e area  a l l 

con t ri bu te  t o  e ro i o n  and p t cn t i a l  n u t ri e n t  I ad i n b . Th R g i  n a l  Park an  p l a  an i m p rta t ro l e  in  

protec t ing  Lake Georg b work i n g  t n h a ncc u ffc ri n g  ar u n d  t h e  b a t  l a u nch , park i ng ar a , and 

a long the park accc road . The park cp t i ' t e rn  n t he ca  t and we t i dc f the park are under 

the i r  projected c apac i ty. H \ c e r, i n  rea cd park i t a  t i  n u I cJ t h  r a ten  t he i r  a i I i  t t o  fu nct ion 

opt i mal ly  and re u l t i n  a ncgat i c i m pac t n l a ke \ a tcr  q u a l i t  T h i  i ue i e pec i a l l  f concern 

on the east s ide where i i ta t i  n ra t e  arc h i ghc t and t he c p t i  fi Id i located lo e to the hore l i ne .  

The Co l by En v i ron men t a l A e m e n t  Tea m  d e  e l  pcd a pho phoru m de l a pa11 of our 

study to project  current an d fut u re pho phoru i n p u t  i n t Lake George and Oak Pond .  Curren t  

project ions were approx i ma te l y  eq ua l to the  a lue dete rm i ned by our  chemica l  an a ly  i . The 

greatest  contri butors of phosphoru to the l a ke dete rmi ned by the mode l were roads shore l i ne and 

non-shore l i ne re s idences,  commerc i a l/mun i c i pa l  l and , and t he park . Our pho phorus mode l showed 

current i nputs to be be low the c ri t i ca l  val ue of 1 2  to 1 5  ppb which  i s  the thre hold for poten t ia l  a lga l  

blooms .  Future predi c t ion s  from our  mode l for evera l  de ve lopment and logg ing scen arios  suggest 

that resu l t ing phosphoru s  i nputs  are not l i ke l y  to exceed th i  cri t i ca l  va l ue .  

Invas ive p lan t  spec ie s  are not present  i n  e i ther l ake .  However, there i s  the potent i a l  for 

acc idental i n troduc tion through the l aunch ing  of contaminated boats .  In vas ive aquati c p lan t  species 

can cause seri ous economic and eco logi ca l  damage to J ake commun i ties  and to the recreati on al 

resources of the l akes .  Education of boat owners i s  an i mportant preventati ve measure that shou ld 

be undertaken to address th i s potent ial threat . 

In summary, Lake George and Oaks Pond are present ly wi th in  acceptable ranges of good 

water qual i ty as defi ned by the s tudy. To mai ntai n present leve ls ,  appropri ate act ions to l imi t  erosion 

and n utri en t  loading  should be taken . Commun i ty awareness through educational i n i ti at i ves w i l l  

help l ake stakeholders prevent  future degradation o f  water qual i ty. 
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RECOMMENDATIONS 

PHOSPHORUS CONTROL 

Buffer Strips and Erosion Reduction 

• Poor and parti al l y  buffered properties should be i mproved to minimize potenti al sedimenta­

t ion and nutrient loading.  The buffer depth should be increased where possib le .  

• Al low shorel ine property to remain natural providing an effecti ve buffer. Avoid cutting 

vegetat ion to maintain  the densest buffer possible . Avoid raking fal len leaves ,  pine needles ,  

and other natural debri s that make up the duff l ayer. 

• Replant sparse areas across the slope of the l and with a variety of native plants, which require 

less maintenance and reduce the need for harmful pestic ides often required for artific ia l ly  

p lanted, exotic plants .  Avoid over-watering.  

• Mjnimize i mpe. vious surfaces and lawns of shorel ine res idences because they do not absorb 

runoff effic iently. 

• Footpaths should oe narrow, winding and stabi l ized with mulch , wood chips ,  paving stones,  

bricks,  or cement ti les to prevent erosion of bare soi l .  

• Place hay bales or s i l t  fences be low areas of exposed soi l during construction to control 

runoff. 

• Grave l trenches or rock- l ined dri p edges near roof gutter outlets ,  patios, and driveways a l low 

rainwater to fi l ter gradual ly  into the ground. 

• Estab l i sh or maintain areas with buffering capaci ty between areas of potent ia l  high erosion 

and water bodies .  

Roads 
• Consider formation of a road association to moni tor camp roads with in  each watershed for 

erosion problems and lobby for maintenance.  

• The Regional Park can play an i mportant role in  protecting Lake George by working to 

enhance buffering around the boat launch ,  parking areas, and along the park access roads . 

• Hire DEP-certified contractors to conduct al l road work. 

• Higher ri sk roads in  c lose proximi ty to the l ake should receive first priori ty for repair and 

maintenance because of their potenti al to contribute h igh leve l s  of nutrient loading .  

• Swi tchbacks as wel l  as water di versions should be present on steep roads and driveways that 

descend to the adj acent water 's  edge . 

• Genera l ly  road repairs should be priori ti zed in  thi s order: crown, di tching,  water divers ions  

and cu lverts, and l ast ly surface composit ion. 
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Boat L a u n c h es 
Lake Gcor ' C  

• R UL I ' w i d t h  anu  i n s t a l l \\ ' � l l  r u i v ' r� i  rn s  on ho�1 t 1 � 1 u n  · h . 

• ( n . i u  r r p l a  · i n g t h  x i s t i n g P ra v  I l a u n  · h  w i t h  c rn · r  

• p ) S l  · j g n , w arn i n g  O f  i n vas i  s p  C I  

Oa ks Pon d  

• u u  a t e  t h  rc : i u  n L  about  m i n i m i z i n g  t h  i m pa · t  c f  pri v a t  h )at  l a u n  h e : .  

Septic Systems 

• The t ' n of  anaan and k ) \  h _,an  h u l d  ondu t a . u rv t a _ 

cond i t i  n r ept i i n  t he wat  r hed . 

t h e e ra I I 

• En pro 1 rt w n  r. t u pdat g randfa t h  r d t e rn  t meet  c u rre n t  t an dard . 

• The t r anaan a n d  k w h c o a n  · h u l d app l  f r t atc  0 ra n t  r u c pr pert ta x 

re e n ue t i den t i f  a n d  u pdat m a l fu n  t i on i n g ...., ra n d fat hcrcd c pt i  t e rn . 

• Edu ate t he o m m u n i t  ab u t  r o u l ar p t i  y t e rn  ma i n tc n an e .  

Land Use 

• The m aj or i t of  the Lake Ge rge and Oak P n d  m i ncd w ater  hed c n i t of  mature 

fore t ,  w h i  h hou l d  be ma i n ta i ned b a u  c i t be nefi t \ at r q ua l i t  . Commun i ty mem 

bers need t o  be a\  ar  of  the i m pa t t h a t  e ten  i v  de e l op men t and po tent i a l l oggi ng 

can h a  e on w at e r  q u a l i t  '·  

• Future l and u e deci i n hou l d  b mad c are fu l  I w i t h  con iderat ion of mode rate to 

h i gh ero i on area and nece ar m i t i gat i on procedure . 

Monitoring and Education 

• Consi stent mon i tori ng of phosphoru l e  e l s  and transparency i n  the spri ng  summer 

and fal l .  Con t inue pa11 i c i pat ion in the Vol unteer Lake Mon i tori ng Program for Oaks Pond 

and e xpand part i c i pat ion to i nc l ude Lake George . 

• Limi t  the amount of phosphorus enteri ng Lake George and Oaks Pond by not us ing 

fert i l i zer in  shore l i ne areas .  Shore l i ne res idents  should a l so cons ider usi ng  low phosphate 

soaps and detergents .  

• Protect e x i st i ng  wet lands agai nst human encroac hmen t  to main tai n the ir  capac i ty  as a 

buffer and n utrien t  s i nk .  

• Form at ion of l ake assoc i at ions  for Lake George and Oaks Pond to promote protect ion  and 

enhancement  of l ake water qual i ty. 

• Res idents  shou ld  be mindful of trash ,  pain t s ,  and other hazardous materi al s  that could 

l each through the soi l and con taminate nearby water bodies .  
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LAKE GEORGE REGIONAL PARK 

• Continue to promote education through communi ty programs and involvement with 

schools .  Educational programs could emphasize natural h i story of the park, ecology of 

vernal pools ,  and park archaeology. 

• Continue to promote environmental l y  sound recreat ional practices on park l ands through 

out the year. 

• Trai l maps and natural hi story guides should be made avai l able for interested v isi tors and 

teachers to learn about the surrounding forest ecology. 

• The ongoing i mplementation of trai l maintenance strategies i s  necessary to maintain the 

qual i ty of the trai l s  and to prevent excess surface runoff and erosion . 

• Improve trai l s ignage and post any trai l restric tions in  h ighly v i sib le  locations . 

INVASIVE SPECIES 

• Post signs near the publ ic  boat launches to inform boaters of the l aws and regulations to 

help prevent tile introduction of these species .  

• Inform local  residents of the invasi ve spec ies problem and encourage c leaning of al l 

boating and fi shing equipment of al l plant material before using any boat l aunches .  

• Encourage c leaning of al l boating and fi shing equipment of al l p lant materi al  when 

travel ing between lakes to avoid the introduction of invasi ve species that threaten Lake 

water qual i ty. Be sure to properly di spose of al l plant material in upland areas. 

FISH POPULATIONS 
• Stock brown trout in  both Lake George and Oaks Pond. 

• In lets and outlets of these l akes should be kept c lear for passage of fi sh species  between 

the watersheds and areas further downstream. 

• Moni tor status of fi sheries in both l akes.  

• If  necessary, uti l i ze strict regulations on fi shing to recover fi sh populations .  

COMMUNITY AWARENESS 

• The Towns of Canaan and Skowhegan, i n  co l laborat ion wi th the Department of Environ 

mental Protection , could produce a pamphlet outli ning best management practices for 

shore l ine homeowners . These guide l ines would help res idents to minimize phosphorus 

loading and maintain water qual i ty. 
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A P P F N O I X A .  G h N E R A L I Z E D  C l l A R A " T l� IU ST I ' S O F  O L I G OT H O P H I ' 
b U T RO P H I C , A N D  D Y  " T R O P H I C  L A K l� S ( A DA PT E D  F R O M  M J\ I T L J\ D 
1 990 ) .  
" h a ra c t c r  O l i got rop h i c  

B a, i n  s h a pe N a rro w a n d  d p 

L a k  - h ore l i n  ton  

W a t r de p t h  a n d  H i £?, h  
t ra n  pare n  

W a t e r  c l or G r  e n  o r  h l ue 

D i  l ved o l i d  Low , de fi c i e n t  i n  N 

S u  pe n ded 

so l i d  

0 ge n 

Phytop l an k ton 

M acroph yte 

Zoop l an kton 

Zoobenthos 

F i sh  

Low 

H i g h 

M an pe ie . , I w 
n u mbe r 

Few pe i , ra r I 
a u n d a n t  e t  f u n d  
i n  dee pe r w a t  r 

M any pec i e I " 
num ber 

Many pec i e  , low 
numbers 

Few spec ies  
sa l mon and trout 
characteri st ic  
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APPENDIX B.  FISH SPECIES OF LAKE GEORGE AND OAKS 

POND A ND ADDITI ONAL SPECIAL INFORMA TION FOR 

CERTAIN SPECIES 
Information obtained from Inland Fisheries and Wildlife, unpublished document. 

Species Location 

Warm Water 

B ass,  Largemouth Lake George/Oaks Pond 
Micropterus salmoides 

B ass,  Smal lmouth Lake George/Oaks Pond 
Micropterus dolom ieui 

Bul lhead, Brown Lake George/Oaks Pond 
lctalu rus n ebulosus 

B urbot (cusk) 
Lota iota 

Crappie ,  B l ack 
Pomoxis 

n igromaculatus 

Eel ,  American 
Anguilla rostrata 

Fal l fi sh 
Semotilus corpora/is 

Perch ,  White 
Marone americana 

Perch ,  Yel low 
Perea flavescens 

Pickere l ,  Chain 
Esox n iger 

S hiner, Common 
Notropis comutus 

S hiner, Golden 
Notemigonus 

crysoleucas 

Smel t, Rainbow 
Osmerus mordax 

S ucker, Common 
Catostomus 

commersom 

Lake George/Oaks Pond 

Oaks Pond 

Lake George/Oaks Pond 

Lake George/Oaks Pond 

Lake George/Oaks Pond 

Lake George/Oaks Pond 

Lake George/Oaks Pond 

Lake George/Oaks Pond 

Lake George/Oaks Pond 

Lake George/Oaks Pond 

Lake George/Oaks Pond 

S unfi sh ,  Pumpkinseed Lake George/Oaks Pond 

Lepomis gibbosus 
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Special Characteristics 

Pri nciple fi shery , unauthorized 
introduction in Oaks Pond 
Pri nciple fi shery 

Unauthorized introduction 

Principle fi shery 

Principle fi shery 
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AP P E N D I X B .  ( " O N T I N U E O ) 

S pec ies 

\Va rm Water  

u n fi s h ,  R l h r  a s t 

/_,( /Wll I is ( I I  t ri I I i  s 
A I C \  i re ,  c a - r u n  

!\ I  oso pse udo/10 reng us  
Cold Water  

T ro u t ,  B ro o k  
o/ \  eli1 1 us fo1 1 1 i1 10/is 

Tr u t ,  Br \ n 

0/1 1 10 I nt llo 
Tro u t  R ai n bo 
Sa/11 10 goirdneri 
S p l a k e  

J ,ocat io n  

L a k  , org, 

L a k  c o r o  I a k s  Po nd 

L a k  

L a k e  

L a k  

L a k e  Ge r g  /O a k s  P n d  
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APPENDIX C.  QUALITY ASSURANCE 
The Lake George and Oaks Pond study fo l lowed a q ua l i ty assurance p l an that 
standardi zed the procedures  of CEAT. The fol lowing document was modified from 
B I493 ( 1 99 8 ) .  

B ottle Preparation 
1 .  A l l  samples for total phosphorus analyses were tri ple acid  rinsed wi th l :  l HCL before 

use to prevent contamination . 
2 .  A one to one ratio o f  HCL i s  l L o f  E-pure water and l L o f  concentrated 

hydroch loric ac id .  
3 .  If an epicore sample was taken, the mix ing bottle was trip le acid  rinsed once before 

each sampl ing trip and was rinsed out with E-pure after each sampl ing was 
completed .  

Approaching Si te 
1 .  When approaching the test s i te ,  speed up first, then ki l l  the engine and coast to the 

sampl ing site . 
2 .  Always sample from the bow of the boat, into the wind to reduce contamination . 

S urface Sampl ing 
1 .  Remove cap from sample bottle wi thout touching l ip  of bottle or edge of cap .  
2 .  Invert and i mmerse bott le t o  approximate ly  0.5  m down . Tum bottle o n  i ts s ide and 

move it through the water away from the boat . 
3 .  Ti l t  bott le upright, remove from water, and cap. Place bott le in  cooler. 

Secchi Disk 
l .  Make a dupl icate reading every 10th reading.  
2 .  Use Aqua-scope to view the di sk.  
3 .  Lower unti l the di sk i s  out of s ight ,  then record the depth .  
4 .  Lower the di sk an extra meter, then bring i t  back into sight and record the depth .  

Measuring Depth 
A .  LCD Digi tal Sounder (Depth Finder) 
1 .  Put the lanyard of the depth finder around your wri st .  
2 .  Put the depth finder in  the water and push the swi tch towards the bottom of the l ake 

(in the di rection of the arrow) .  Hold for 3 seconds . 
3 .  The depth finder must be pointed straight down .  Record thi s depth . 
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AP P F N D I X O N T I N U F D ) 
4 .  R r a t  t h i s  r ro . S S  on t i m  . 
8 .  ro p l i n  --/M a : u ri n g  Tap 

I .  D ro r  t h  .. d pt h l i ne i n t o  t h  \ at r qu i · k l  a n d  v r t i c a l l u n t i l ou k t l s l ue t h  n 

g n t l pu l l  t h  s l a  · k  o u t  ) r  t h  l i n e .  hr i n o i n g i t  t h ro u 2 h  t h  m u c k  (,I n d  h i n ( J 
c a r  fu l no t  t o  l i ft t h  s i n k  r ff t h  hot t <  m . R · ord t h i s  cJ pt h h c c  u n t i n g  t he 

') 

3 .  

h l a  k t i  ' k  m a r k s  c n t h l i n  . � a  · h  b l ac k  t i c k  i s  I m .  
R e p  a t t h i  · p ro · s .  o n  t i m  . 

b t t l  l a b I d for 'Ondu  · t i \· i t  t e . t .  

11 I C  Jn ' 

Tu rb i d i ty 
l .  U e t h e  250 m l  N a l g  n b t t l  l ab I d fr r t u rb i d i t  l e  ' l . 
2 .  Fo l l ow u rface a m p l i n g pr cedur  . 

3 .  T u rb i d i t  \Va mea ' u red i n  t h  f i I d  u i n g  a H ., �1 _ l Tur  i d i met  r. 

m a l l  a m  u n t  f th a m p l e  to t he l i d .  
2 .  Tes t  t h e  w ater '  p H  i n  t he a m p !  b t t l e  l i d .  d d  cone n t rat d n i t r i a i d  ( H  O� t 

your  samp l e  drop b dr p u n t i l i t  i l ow a p H  f - ·  

3 .  The same n u m be r  o f  d r  p f a  i d  h u l d  be add d t a l l t he t hc r  b t t l e f t h e  ame 
s i ze an d  same te  t .  

Ac id i fi c at i on o f  N i t ra te  S a mple 
1 .  R i n se bot t le  l i d  \ i t h d i  t i l l ed 'v\ ate r, and add a m a l l amou n t  f t he amp l e  to  t h e  l i d . 
2 .  Test the w ater' s p H i n  t he a mp l e  bot t l e l i d .  Add concen t ra ted u l fu ri c  ac i d  ( H _S O.l 

to your n i t rate test s a m p l e  dro p  b drop u n t i  I t he p H  i be l w 2 .  
3 .  The same number o f  drops o f  ac i d  hou l d  be added t o  a l l t he  o ther  bot t l e o f  the same 

s i ze and same test . 
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APPENDIX C. (CONTINUED) 
Using pH Meter 
A. Proper cal ibration method. (Before any testi ng is done, the pH meter must be 

cal ibrated using a 2-point ca l ibration method at pH 7 and pH 4. Thi s should be done 
only  once during the testing day , as long as the meter's cal ibration is not accidenta l ly  
de leted) .  

1 .  Press the POWER button . The pH meter automatical l y  enters the measurement .  
2 .  Apply  the p H  7 solution b y  opening the sensor guard and wetting the entire probe 

wel l .  
3 .  Press the CAL button once . The sensor guard w i l l  di spl ay 7 . 0  and a CAL symbol w i l l  

appear a t  the bottom ri ght hand comer fol lowed b y  a smi ley face indicating i t  i s  done. 
4 .  After ca l ibrat ion,  rinse the sensor wel l with E-pure (high ly  fi l tered and de-ionized 

water). 
5 .  Repeat cal ibration for p H  4 .  
6 .  Take care to  rinse probe w i th  di sti l led water pri or to  and fol lowing each 

measurement . 
B .  Measurement 
1 .  Lift the l id  to the probe wel l  and i mmerse the pH meter O . Sm to 1 .0 m below the 

surface . 
2 .  Close the l id . Bring the meter t o  the surface and record the reading after the 
3 .  Smi ley face has appeared i n  the bottom right hand comer. 
C. Qual i ty Assurance 
1 .  Take the pH readi ng twice at each site to assure accuracy .  

Di ssolved Oxygen CDO) Meter 
1 .  Lower DO/Temperature meter into water, shaking i t  to make sure there are no 

bubbles around the probe . 
2 .  Immerse probe unti l covered. Record DO and temperature readings.  
3 .  Lower probe l m at a ti me . Record DO and temperature for every meter unti l the 

bottom is reached. 

Mid-Depth and Bottom Sample 
1 .  Pul l  rubber stoppers out of the ends of the bottom sampler.  
2 .  Hook metal cables t o  the two smal l pegs located at the top o f  the sampler. 
3 .  After talcing depth reading, lower sampler to mid-depth sample depth . Release 

s l iding weight to c lose water sampler. 
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AP P E N D I X  C .  ( O N T I N U l-d ) )  
4 .  I u l l  ou t  wat  r s a m 1  I · r.  p ' n a i r  a l v  � in d  np n h l a · k t a p  h 1 I U \ h 1 n  1 o u t \ i c.J  n n  1 c f  

t a p  i n .  ra i n  t a p  f ) r  a f \ S ' O n u s .  

) .  · i l l . a m p l  bo t t l e  t )  bol l m o f  n · k  a n d  ' a p .  P l '-1  · bo t t l i n  ' ( o l  r .  
6 .  mpt  v at r , a m p l e r . R e  at . a m p  I i  n g pro · d u r  re r B ot t o m  . a m p  I 
7 .  T a k e  bot tom : a m p l  I m a bo e be t t c  1 1 1 . 

E J i  re 

l .  R i n 'e t h  t u b  t h r  t i rn  s h  1 0\ r i ng i t dow n i n to t h  l a k  w a t r a n d pu l l in g i t bac k 
o u t . 

2 .  For i te \ i t h  g r  a t  d pt h 1 0 \ :  e r  t h  t u he dovv n t I m h I ' t h e t h  rm l i n e 

( me a  ured i n  t h e  DO pr f i l e  . 

3 .  For h a l l o \  i t e  a l l  t h cr  i t  ,,, r t h  p i · o r  I 1 1 1  frc m t h  b t t  m .  

4 .  T h e  t a pe m ar k �  i n d i  a t e  l 1 1 1 . 

5 .  Cr i m p  t h e  t u b i n g  j u  t a b t h  a t  r t h i  · i · b , t don b b n d i n 0  i t  t i g h t !  a n d  t h e n  

ho l d i n g  i t  i n  y u r  h a n d  . 

6 .  Pu l l  t h e  t u b i n g  u p  m a k i n 0 u re t h a t t h e e , e s t u b i n g ,.., i n t t h e  w a t e r .  B e  a re fu l  

n ot t o  touc h t h e e n d  a t  w h i  h t h  w a t  r c m u t . 
7 .  A l l ow t he a ter  t o  d ra i n  i n t o  t h e l a r0 b t t l e  b i n 0 · t r  fu l n t t t u h t h e  i n  i de of 

t he bot t l e or t h e c ap r the  n d  f th  tub . 
8 .  M ak e  u re t o  keep t h  n n - po u 1i n g  n d  f t h  t u  u p  t h  " a t e r  d c n t d ra i n u t  

of i t a n d  t h at i t  doe n t t a ke u p  u rfa � e  v at r .  

9 .  Hold up the  c ri m pe d  area a n d  u n d  t h e r i m p .  n t i n u c ra i i n g t he t u b i n g  a n d  m o  e 
tow ards t h e  d ra i n i n a  e n d .  

1 0 . Repe a t  p roce t h ree t i me . d ra i n i n g a l l o f  t h  \ a t c r  i n t t h e  e p i  o r  m i  i n g bot t l e .  
1 1 . Pour about 1 2 5 m l  o f  t h i  a ter  i n t o  t w o E r l c n mc e r  n a  k ( fi l l  t j u  t be l \ t h e  

nec k ) .  A g a i n b e  c a re fu l  n ot t o  c n ta m i n a t e  t h e  b t t l e  t o u  h i n g t h e  i n  i de f t he 
bot t le  or the i n s ide of t h e  bot t l e  c ap .  

1 2 . Di scard t h e  re m a i n i n g w at e r  a n d  r i n se t he m i xe r  w i t h  E- Pure v ater .  P l ace al l amples  
i n to the cooler .  

Flo-Mate 
1 .  Tum the meter on . P l ace the b l ac k  en sor en t i re l y  underwater w i th the bu lb  fac i ng 

upstream . 
2 .  The  meter wi l l  read the fl ow i n  e i ther  ft/ or  mis . Press the on/c and  off keys  a t  the 

same t i me to swi tch between the two .  
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APPENDIX C. (CONTINUED) 
3 .  Fixed Point Average (FPA) wi l l  take more accurate readings (hold u p  and down 

arrows at the same ti me) .  A time bar wi l l  move across the screen . When it reaches 
the far side ,  a new average veloc i ty wi l l  be di splayed. 

4 .  Di  v i  de the topography of  the stream into equal sections and measure the flow in  each 
segment .  

Global Posit ioning System COPS) 
1 .  Tum on the OPS . 
2 .  Wait for the screen to di splay coordinates o f  posit ion . 
3 .  At the desired l ocation record the coordinates or press "enter" to store the waypoint .  

Qual i ty Control Sampl ing 
1 .  E-pure samples were spi ked ( in groups of ten) with a known amount of concentrated 

standard and run against a standard curve to confi rm accuracy of technic ian before 
water samples were anal yzed for each test .  This  accuracy test was run unti l the values 
of the test samples were within 1 0  percent of each other. 

2 .  Dupl icate samples vere taken every tenth sample to  test the accuracy of  sampl ing 
procedures .  

3 .  Samples were sp l i t  every tenth sample in  the laboratory to test lab procedure . 

Total Phosphorus 
1 .  The method used was Eaton , Clesceri , and Greenberg 1 995 ,  modified by G.  Hunt and 

C. Elv in of the MDEP. 
2 .  For every ten samples,  spl i ts and dupl icates were col lected o r  made . 
3 .  Known concentrations o f  phosphorus i n  E-pure water were made on every run to test 

lab prec i sion .  
4 .  Reagent blan ks were used to make a standard curve to determine the concentration of 

phosphorus studied. The standard curve should have a minimum of 6 points .  
5 .  The accuracy of the Ascorbic Acid method used for total phosphorus analysi s had a 

detection point less than 1 ppb. 
6 .  Water samples were preserved for the analysis o f  total phosphorus b y  digesting them 

with su lfuric  acid  and ammonium peroxydi sulfate , and then autoc laving at 1 5  psi for 
30 minutes .  

7 .  Analysi s was conducted wi thin 2 8  days of  sampl ing date . 
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AP P F N D I X C .  ( C O N 'l' I N U E D )  
I LtnJ n c s s  
I .  l · c r V ' r t c n s a m p l c : , s p l i t : a n d d u p l i c a t  � '"" r · o l l " · t d o r n ad ' . 

h v a t c r  sa m p l e s  v r pr .- r d for t he � 1 1 1 a l  s i s  o r  h a rdn . � h add i n g n i t r i c  uc i cJ 
i n  t h  fi c I d  u n t i  I t h  p 1 1  ' a. I . . t h a n  _ .  

3 . A H A  H t i t rat i o n m t h  d ,  Jda 1  ted  fro m t h  � T l\ i t ri m  t r i c  M t h od w a . u . d t c  

m e a s u re h a rdne .  s ( I  I A H I 9 7  ) .  
4 .  T h e  l i m i t  o r  detec t i o n for t h e I I A  1 1  D R/4000 :p · t ro p h o t o m  t r 1 -I a rdn s t . t i  

0 . 03 p p m  a 0 � . The ra n ge o r  t h e t st i . 0 . 03 ppm to  4 .00 ppm a 
5 .  A n a l y . i w a  c o n d u  ' t  d w i t h i n  1 4  da s f :a m p l i n o da t  . 

A l k a l i n i ty 
I .  One d u p l i c ate  a m p l e  w a  · t u k  n f r v e r  t n ' a m p l e . 

2 .  Th P ten t i  met ri M e t h od w a. u. d t a n a l  ze t h  a m 1  I ( Eat n ,  

Green berg 1 995 ) .  

3 .  Ana ly  i w a c o n d u c t  d w i t h i n  1 4  da f . a m p l i n c at  . 

C o l  r 

1 .  One d u p l i c at e  a m p l  a t a k e n  f r e ve r  t e n  . a m p l e  . .  

2 .  Color h o u l d  not ar  m re t h a n ± 5 P . 
3 .  Color s t andard v ere kept i n  t h e  dark a n d  pr te ted fr m e aporat i  

4 .  The  H AC H  P l at i n u m -C a l t  S t a n dard M e t h  d a n d  H H D R/4 

spec trophotomet r were u ed for t h e  co lor te t H A  H 1 99 7 ) .  

e n  a n d  

5 .  The l i mi t  of  de tec t ion for the te t i _ u n i t  Pt - . The range f the  t t i  0 un i t  to  
5 00 un i t s .  

6 .  Ana lys i s wa condu ted  \ i t h i n 4 8  h ur  o f  a m p l i ng da te . 

Conduc t iv i ty 
1 .  One dup l i cate sample  was taken for e er ten a m p l e  . 
2 .  Resu l ts shou l d  not vary more t h an l µ,m ho /c m 2

• 

3 .  De- ion i zed water shou ld  read l e  t h an l µ,mho /c m2 • 
4 .  The  water sampler was  used at  the  de  i red tra t i  fi cat ion . 
5 .  The water sample was poured i n to a 2 50 ml  beaker. 
6.  A Mode l 3 l A  YSI  Conductance Bri dge was used to measure conducti  i ty i n  the 

Colby Environmenta l  Laboratory . 
7 .  Ana l ysi s was conducted w i t h i n  24 hours o f  samp l i ng .  
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APPENDIX C. (CONTINUED) 
Nitrates 
1 .  For every ten samples ,  sp l i ts and dupl icates were col lected or made . 
2 .  Ni trates were analyzed using the Ni trate , Low Range Cadmium Reduction Method 

and the HACH DR/4000 Spectrophotometer (HACH 1 997 ) .  
3 .  The l i mi t  of  detection for the test i s  0 .2  ppm N03-N. The range for the test i s  0.0 ppm 

to 0 .50 ppm N03-N.  
Analysi s was conducted wi thin 1 4  days of sampl ing date . 
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A P P E N D I X  0. O N D T I V I T Y  "0 1 O R ,  A N D T R B I D I T Y FO i� I A K E 
G E O RG I� A N D  O A K S  PON D .  

L A K E  ( , EO R G E 

S a m p l e s  t a k e n  o n  1 2 - S c p - O I h y  t h e ' o l b y  F n v i ro n m c n t a l A s ses s m e n t  T e a m .  

C h a racter iza t i o n  S i t es we re i tes 1 ,  2,  3, a nd 8 .  Spot  S i tes were S i tes ..J. 5,  9 I 0 ,  1 1  1 2, and 

1 3. T r i b u t a ry S i t e  w e re S i tes  6 7,  a nd 1 4 . Sec Lake G eo rge s i te  map fo r s i te  loca t i o n s 
( F i gu re 1 5 ) .  

i te  

3 

4 

5 

6 
7 

8 

9 

1 0  

1 2  

1 3  

1 4 
a dup l i cate 

OA KS POND 

Le cat i n 

u r fJ ' C  
u r fa ' C 

' U r fac 

. u r f  ace 

u r facc 

urf a c 
urfa c 
u r f  a c 
u rfa 

u r face 

u rfa 

u r fa c 

- 7 . 1  ' 1  

_ 5 . 4 

_4 _ 9 

- 6 . 1 
_ s . o 

_ 5 _  

1 4 .i 

_ (:  

4 5  

I .  

. 5 0 

I .  

. 6  

0 . 4  

. 4  

. 4  

. 4 0  

1 . 00 

1 . 00 

Samp les taken on 1 7-Sep-0 1 by the C o l by E n v i ro n mental  A ssess ment  Tea m .  The 

Characterization S i te was S i te 8.  Spot Sites were S i tes 2 3 5 ,  and 7. Tributary Sites � ere 
Sites 1 ,  4, and 6. See Oaks Pond s i te map for s i te locations ( F igure 1 6) .  

S i te Locat ion Conduc t i  i ty  Co l or S P U ) 
( µM H O  /c m )  

1 surface 
2 surface 
3 surface 
4 surface 
5 surface 
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3 7 . 5  
3 5 . 5  

3 5 . 5  

3 6 . 5  

34.0 

39 

30 

Turbi di t y  
( NTU ) 

0 . 2 7  

0 .45 
0 .58  
0 .80 
0 . 84 
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APPENDIX D. (CONTINUED) 

Si te Location Conducti v i ty Color (SPU) Turbidi ty 
(µMHOs/cm) (NTU) 

6 surface 
7 surface 0 .98  
8 surface 3 5 . 5  2 1  0 . 50 
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A P P E N D I X b .  I l l  1 TO R I  A L  CON D U  ,T I V I T Y  C O L O J{ p l l 

A L K A L I N I T Y , A N D  C H L O R O P H Y L L A FO R L A K E  G E O R G I� A N D 

O A K PON D .  

L A K E  G EO R G E 

Data  o h t a i ned fro m  M D E P  fo r t he s i te  nea r ' E A l' C h a ra c ter iza t i o n  S i te I ( M D E P  
2000a ) .  ee  La ke George s i t e  m a p  fo r s i te  loca t io n  ( F i gu re 1 5 ) . 

Year  M e a n  M ea n  Mean Mean M ea n  

cond u c t h  i t y  c o l o r  p H  a l k a l i n i t )  c h l o ro p h y l l  

( µ M H O  '/c m ) ( S PU ) ( m g/I ) ( pp b )  

1 9 8 5  3 1  1 5  7 . 1 0  
1 9 8 7  3 1 7  . 7 3  
1 9 8 8  6 . 94 . I 

1 9 89 17 1 7  6 . 9  1 6 . 6  3 . 9 
1 990 C . 90 3 . 5  
1 99 1  3 6  I S  7 . .  0 1 1 . 0 3 . 1 
1 99_ 3 1 5  7 . 24 1 .... . _ , 7  

1 993 33 1 5  6 .  7 1 2 . 0  . 4 
1 994 3 1  _ Q  , _ 4 5 .  

1 99 5  3 0  6 .  
1 996 35 L... 4 . 4  
1 99 7  

1 99 8  

1 999 

OA KS PON D 
Data obtained fro m  M DE P  for t he s i te  n ea r  C EA T C h a racteriza t io n  S i te 8 o n  Oaks 

Pond (MDEP 2000a ) .  See Oaks Pond s i te map for i te locat ion ( Fi g u re 1 6 ) .  
Year 

1 9 8 7  
1 99 8  

Mean 

conduct iv i ty 
( µ M H OS/cm) 

5 5  

60 
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Mean 

color 

( S P U )  

1 5  
2 1  

M ea n  Mea n  Mean 

p H a l ka l i n i ty c h l o rophyl l  

( mg/I )  ( ppb)  

7 . 1 0  1 1 . 0 
1 4 . 0  2 . 3  

Page 222 



APPENDIX F. FALL ANALYSIS OF pH, ALKALINITY (MG/L), 

AND HARDNESS (MG/L) LEVELS FOR LAKE GEORGE AND 

OAKS POND 

LAKE GEORGE 
Samples taken from the surface of the lake by the Colby Environmental Assessment 
Team on 1 2-Sep-O l .  See site map for site locations (Figure 15).  

Si te pH Alkal in i ty 

1 
1 
1 
2 
2 
2 
3 
4 
5 
8 
9 
1 0  
1 2  
1 3  
1 4  

a dupl icate 
b sp l i t  

OAKS POND 

7 . 37 

7 . 20 

6 . 54 
7 .00 
7 .08 
6 . 89 
7 . 70 
7 . 34 
7 . 34 
6 .90 
6 . 80 

(mg/I ) 
1 1 .00 

9 .60 

6 .73 

7 .60 

Hardness 
(mg/I ) 

3 .97 
4 . 1 9a 
4 .25a,b 

4 . 1 9  
4 . 1 9a 
4 . 1 4a.b 

4 . 1 3  

4 .27 

Samples taken from the surface of the lake by the Colby Environmental Assessment 
Team on l 7-Sep-01.  See site map for site locations (Figure 16). 

Si te pH Alkalin i ty 

1 
2 
3 
4 
5 
6 
7 
8 
8 
8 

a dupl icate 
b spl i t  

7 .09 
6 .62 
6 .99 
6 .48 
7 . 1 6  
6 .40 
7 .33  
7 . 1 8  
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(mg/I ) 

3 .73 

Hardness 
(mg/I ) 

3 .73a  
3 .96a,b 

3 .64a,b 

Page 223 



AP P E N D I X G .  FA L L  A N A L Y S I  0 11 N I T R A T E 
CON C �  N T R A T I O N S  ( M G/L ) FO R L A K E  G EO R G E  A D OA K S  

PON D. 

L A K I� G EO R G E 

S a m p les taken o n  1 2-Sep-O I hy t he Col hy E m  i ro n mc n t a l  . scssmcnt  Tea m .  See 

Lake G eo rge s i te  m a p  fo r sa m p l i n g  loca t io n s  ( F i gu re I S ) . 
i tc 

u rfa c 
' U rf ace 

e p i c  re 

e p i c  r 

p t  r 
3 p t . r 

8 p t ' r 

S pot 
4 u rfa 6 
5 . u rf a c 
l I 

a dup l i cate 

OA KS PON D 
Samples t a ke n  o n  1 7-Sep-O l by t he Colby E n v i ro n me n t a l  A s  e m e n t  Tea m .  See 

Oaks Pon d  s i te m a p  for s i te l ocat i o n  ( Fi gu re 1 6  . 

a spl i t  

S i te 

Ch arac teri zat i on 
8 
8 

S pot 
2 

3 

7 
7 

Tri butaries  
4 

6 
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urface 
ep 1core 

surface 
surface 
surface 
surface 

surface 
surface 

Concentrat i on 

0 .04 
0 .05 

0 .08 
0 .07 
0 .05 
o .osa  

0 .05 
0 .04 
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APPENDIX H. TOT AL PHOSPHORUS OF SITES 1 ,  2, AND 3 FOR 
LAKE GEORGE MEASURED IN PPB. 

Samples taken on 19-Jul-0 1 and 7-Aug-0 1 by the Colby Environmental Assessment 
Team. See Lake George site map for sampling locations (Figure 15).  

Date S i te Location Concentrat ion 

1 9-Ju l -O 1 1 surface 7 . 37  
1 9-Jul-O 1 1 surface 1 0.93b 

1 9-Jul -O 1 1 mid-depth 1 6 .4 1  
1 9-Jul-O l 1 mid-depth 1 8 . 3 7b 

1 9-Jul -O l 1 mid-depth 1 3 .48a 
1 9-Jul -O l 1 mjd-depth 1 2 .23a,b 

1 9-Ju l -O 1 1 bottom 1 7 . 1 8  
1 9-Jul-O l 1 bottom l 7 . 94b 

1 9-Jul-O 1 1 bottom 1 5 . 50a 

1 9-Jul -O 1 1 bottom 1 6 .9 l a.b 

1 9-Jul-O 1 2 surface 1 3 .64 
1 9-Jul -O l 2 surface 1 5 .20b 

1 9-Ju l -O l 2 mi d-depth 1 4 .42 
1 9-Ju l -O l 2 mid-depth 1 3 . 26b 

1 9-Jul-O l 2 bottom 2 1 .27 

1 9-Ju l -O l 2 bottom 1 6 .05b 

7-Aug-0 1 1 surface 8 .46 

7-Aug-0 1 1 surface 9.47b 

7-Aug-0 1 1 mid-depth 9 .62 

7-Aug-0 1 1 mid-depth 9 .4 1 b 

7-Aug-0 1 1 bottom 5 .0 1  a 

7 -Aug-0 1 1 bottom 9 .75  

7-Aug-0 1 1 bottom 9 . 55b 

7-Aug-0 1 1 ep1core 3 . 6 1  

7-Aug-0 1 1 epicore 7 . 82b 

7-Aug-0 1 1 epic ore 1 0 .56a 

7-Aug-0 1 1 ep1core 1 2 . 8 5a,b 

7-Aug-0 1 2 surface 3 . 80 

7-Aug-0 1 2 mid-depth 5 .60 

7-Aug-0 1 2 mid-depth 7 . 89b 

7-Aug-0 1 2 bottom 6 .37  
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AP P l� N D I X I I . ( " O N T I N U E D ) 

7 - /\ u g -0 I 
7 - A u Q-0 I 
7 - /\ u g -0 I 
7 - /\ u g-0 1  
7 - A u g-O I 
7 - u ' -0 I 

·' d u  p l  i c a t c  
b ' p l i t  

I 

S i t , 
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Lo · a t  i o n 
he t t < rn 
s u rfo c  
� L I  r fa ' 

m i d - d C J  t h  
m i d -d 1 t h  

h t t o m  
h o t  t o rn  

. 6 5  

. 0 I 

6 . 1 4 11 
5 . 7 3 
6 . . l 1i 
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APPENDIX I .  TOT AL PHOSPHORUS MEASURED IN PPB 

Measured by Colby E nvironmental Assessment Team (CEA T) for Lake George 
samples taken on 28-Aug-01 and 12-Sep-0 1 .  See Lake George site map for site 
locations (Figure 15) .  

Site Location Concentration 

Characterizat ion 
1 surface 5 .69 
1 surface 6 .85a 

1 surface 7 . 1 8  
1 mid-depth 1 1 .95 
1 mid-depth 9 .3 1 
1 mid-depth 1 0 .87a 

1 bottom 1 0.7 1 
1 bottom 1 5 . 3 1 
1 bottom 1 4 . 3 2  
1 bottom 1 2 . 88  
1 ep1core 7 .09 
1 ep1core 1 0 .66 
1 ep1core 1 0 .07 
1 ep1core 1 0 .43 
1 ep1core 1 2 .06 
2 surface 6 .29 
2 surface 1 5 . 1 4  
2 surface 1 3 . 80 
2 mid-depth 1 0 . 1 1 
2 mid-depth 7 .93 
2 bottom 1 2 .78  
2 bottom 5 .09 
2 ep1core 1 3 .43 
2 ep1core 1 1 . 1 1 
2 ep1core 8 .77 
3 surface 6 .24 
3 surface 6 .5 1 
3 mid-depth 8 .39 
3 mid-depth 8 .0 1 
3 bottom 1 1 .46 
3 bottom 1 0 .63 
3 epicore 5 . 8 1  
3 epic ore 4.62 
3 ep1core 9 .28  
8 surface 8 .09 
8 mid-depth 1 1 .06 
8 bottom 8 .46 
8 epicore 1 0 .77 
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A P P E N D I X  I .  ( O N T I N U E D ) 

S i t e  

' rot  

4 

5 
9 
1 0  

1 0  

1 2  

1 2  

1 3  

Tri b u t ar 
l -l 

· ' d u p l i ca te  
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I o  · a t  i o n 

s u rfa ' C  
s u rra � 
,' L I  rf'ac 

.' L I  r fac 

.' u r f'ac 

u rf ace 

• LI  rf'ac 

. u rfac 

s u rfa 

C o n · · n t ra t 1 o n 

CJ . I 0 

1 1 . 7 1 

. 1 6 

I _ . 6 1 

1 0 . 04 
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APPENDIX J. TOTAL PHOSPHORUS MEASURED IN PPB 

l\!leasured by Colby Environmental Assessment Team (CEA T) for Oaks Pond 
samples taken on l 7-Sep-01 .  See Oaks Pond site map for site locations (Figure 
1 6) .  

Site Location Concentration 
Characterization 

8 surface 4 .2 1 
8 surface 1 0. 85 
8 mid-depth 6 .77 
8 bottom 40.46 
8 ep1core 1 1 .00 

Spot 
2 surface 5 . 88 
2 surface 6.95 
3 surface 5 .67 
3 surface 8 .43 
5 surface 1 0 .2 1 
5 surface 1 1 .46 
7 surface 1 9 .27 
7 surface 22 .32a 

Tributaries 
1 surface 1 3 .92 
4 surface 7 .99 
4 surface 1 0.65 
6 surface 68 .44 

a dupl icate 
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A P P EN D I X  K.  VOLAT I L E  O RG A N I C  C O l\ I PO UND 

A T  L A K E  G EO R G E  S POT S I T E  1 2 . 

2 -Buc :ln<>< I <  

A� IOJ\Jcnlc 
B101n.:>onctlw1c 
Cluor�h.u� 

D1c!.hy! Ethu 
Tctr.>h� drof1trnn 
�-Oloroc1h� l "nyl  Elhc.r 
Vinyl A.cctlllC 
N 1�cnc 
1 . 1 . 1 .� - T c1nchlo<0cUurn: 
I .  I .  I - !' nchlor<Mllwlc 
1 . 1 .2. � - T�chlorocth;inc 

1 . 1  -2 - TnchJor<x:llunc 

I ,  I -01 clllcvocth&nc: 

I. I -D1cblorocth<-nc 
l . l - D1d 1lo1 l"OP�"'' 
1 .2.3 - T  nchlor�� 
I . � ·Tnchloropro()llnc 

1 ..: .J -TnchJorobc:rucnc 

1 -2.J ·TNTXlh� l�n.zroc 
I .:!-0.broro� �-Clllornp<op:mc 
I .:! -0.bromocthanc 
I , :? ·Dtehl0<o�ni01..: 

I . :! - O ..: hlc.0<rhmc 

I .:! - 0..:hlornpiop;u>c 
1 . .3 .5 - Tmnc� ibcuz.cnc 

1 • .: - D1cnloroocnu:nc 
1 _i... O.chloropro� 

I .J-0.chlo.-obcnz•...., 

1 -Chlcxobvrllllc 
2_2-Dochlorop<opanc 

:?-Oloro1oluc:nc: 
2-H�ollc! 
J-Chlorololuenc 
•-l ��llolucnc 

4- Mcth�·l-2-Pcn�c 

1\.11� I Chlondc 

Eknz.me 

Bromobcnzntc 

Bromoc:hlorome-tbanc 

81omodicl1loromcth� 

8romofoon 

C ut.on  Disull\dc 

C.ubon TcuxWondc 

Chloroben.ze:ic 

Chloroform 
Chloromctbanc 

cis- 1 ,2-01chJorccthcnc 

cis- 1 .3-0.cho<opropcnc 

D1bromochlcrom.:chanc 

DcbromorucdlO&rlc 

Oochlorodifluo� 

Ech�1 Mctha�1111c 

Ethy!bcnzrnc . 

Hc�achlorobu�dicnc 

Hc..uc�octhanc 

Ruul l  

-- 1 n  
< 1 0  

1 0  

< 1 0  

< 1 0 

< 1 0  

< 1 0  

< 1 0 

< I S  

< I S  

-23 
<S 0 

.: s  0 

<S 0 

� o  

< S  0 

<-5 0 

<S 0 

< S  0 

<S 0 

<.S 0 

<S 0 

--s 0 

<S 0 

s o  

< S  0 

<j 0 
<.� 0 
< � 0 

<5 0 
<S 0 

<-' 0 

<S 0 

<5 0 

<5 0 

<5 0 

<5 0 

.:..s 0 

< 5 0 

<S 0 

< 5 .0 

<5 0 

<5 0 

< 5 0 

<5 0 
<5 0 
<5 0 
<5 0 
<5 . 0 

<5 0 

<S 0 

<5 .0 

<5.0 
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Qu.:11 lfi t r  C o i c  

u;. L 

D t l t c ti o a  
Ll m l r  

1 0  
1 0  

1 0  

1 0  

1 0 

1 0  

1 0  

1 5  
I S  

s o  

5 0 

s .o 

5 0  

' 0  
' 0  

' 0  

5 0 

' 0  
5 0  
5 0  

' 0  

' 0  

s 0 

5 0 

� 0 
s o  
' 0  

s o  

s o  

s .o 

5 0 

s o  
' 0  
' 0  
5 0  

' 0  

5 0  

5 0 
' 0  

S.ll 
s o  

5 0 

s o  

5 0  

5. 0 

5 0  

s 0 

5 0 

5 0 

5.0 

5.0 

5 .0 

5. 0 

$. 0 

5. 0 

�l c: r b od 

EPA 11608 
EPA &_ OB 
EPA 1 '1608 
E PA 1 2  O� 

EPA &2600 

E PA g_r, 0 
EPA 1:1!>06 

E PA 1 : 608 

EJ'A S-:6 6 
EPA &:606 

EP ¥:: 6 6 
EPA !2600 
EPA r- 600 
EPA 12600 

EPA f: C.OB 
E P A  !':? 606 

E P A  !':?608 

EPA &1 608 

EPA 8:?WB 
EP:\ P . 606 
EPr\ S':606 

EPA &26G 0 
EP A 12600 

EPA 8:!608 

EPr\ &::608 

E P  &2b0A 
EPA &:60 0  
E PA 126-0B 

EPA &16-0B 
E P A  S2l>08 
E P  .... ! 2 60 8  

E'PA 1 1609 
E PA 8160B 
EPA 12606 
E'PA �608 
cPA ll60B 

l:PA l'l608 

EPA 12608 
EP., 1260B 

EPA 12 60 8  

EPA S�60B 

EPA 52600 
EPA 8'2608 
EPA llC.O B 

EP .... 52608 
t:P., 821\0B 
EPA 12608 

EPA &::60B 

EPA &260 8 
E P." 112608 
EPA S260B 

EPA S2608 

EPA S�60B 

EPA S:?60B 

EPA 82600 

EPA S260B 

EPA 82608 

EP.°' 12608 

A N A L Y Z D 

O? ' 0 1 
0? . 5 1> 1  

09� 5 0 1  

09 . 510 1  

09 _ S O I 

09:25. 0 1  

09/J SrO I 

09 � S O I 

<N c S  0 1  

0?· � 5 0 1 
O? .  5 0 1  

09 2 s. 0 1 

o� _ s,0 1  

09. l S. O I  

09 . .s. 0 1  

09 . S. 0 1  

09, 1 s. o 1 
09 � S O I 

09 �.s 0 1  
09 1 5. 0 1 

09•1 5 0 1  

09 2 �  O I 
0Q · 1 S 0 1  

O? 2 5  0 1  

OYr. s.0 1 

09 . �10 I 

09,::J, O I  
0Qf2 510 I 

09f2 J,Q 1 
�· 2S.!.l l 
()<lfU,0 1 
09f25,Q I  

091 251'0 \ 

09!2.j iO I 

09115/0 1 
09115.0 I 
0912'.'0 I 
Ml.,-5i0 I 
09f"-5.'0 I 

09f"-51'0 I 

09 '!S . O  I 

0912.5·01 

()9!:?,j, Q J  
09125.'0 I 

091:? 5. 0 l  

09/'25 . 0  I 
09:25.0 I 

09/2 5· 0 1 

091251'0 1 

09/2 5. 0 1  

09f1 S, O \  

O?/� iO \  

09/'2,,'0 I 

AD l ysu 
[}a rc 

O'l'2 �rQ I 
09f'.: 5•0 1  

09·'2 S  0 1  
09i2.5 I 
O? <1() 1 
09 . S.. 0 1  

09 '2 SJ<l l  
09/2 0 I 
09.'2 5'0 1 
09.� 0 1 
O'l � S. 0 1  

OY � S O I  

OQ . SAJ I  
09 • •  5 0 1 
09/'1 510 I 
09 '2 5 0 1  
09 _ sro l 

09 . � 0 1 
09 _ s. 0 1 

09 :5,0 1 
09 -� 0 1  
Q<;if2 S,<l 
oq,-; J O I  

09.'2 �·0 1 

09. � 0 1  

oq. :: :. 0 1 

oq, ! j,0 1 

09."!$ ·0 1 

09. ::s,0 1  

09 · 2 .s .0 1  

O'il l"'..J, 0 1  

09. : s. o I 
Oll • :? S- 0 1  

09.:>5.'0 I 

09 -; s .0 1 

0912 5. '() I  

09 ': 5 - 0 1 

O'il. � s. 0 1  

09,� s.0 1  

09,25: 0 1  

09<:! 5. 0 I 

09/:? 5. 0 I  

09·:? S. 0 1 

09 2 s . 0 1  

09 2 5• 0 1 

09 ".:!. 0 I  

09:25 '0 1 

Qq,'!!,O l 
()?; :! 0 1  

09 25. 0 1  

0912 5 · 0 1  

09. :5,0 1 

A o • l y 1 1  

GCT 
GCE 
CC[ 
GCT 
GCE 
GCT 
GCE 
GCE 

GC E  

GCE 

GCE 

GCE 

GCE 
GC!:. 
GCE 
GCE 
(.cE 
GCE 
GCT 
GCE 
GCT 
GC'E 
GCE 
GCE 
GCE 
GCT 
GCE 
GCE 
G<:E 
GCE 

GCE 

GCE 

Get 
GCE 
GCE 
GCE 

GCT 
GCT 
GCE 

GCE 

GCE 

GCT 

GCE 

GCE 

GCE 

GCE 

GCE 

GCE 

GCE 

GCE 

GC E  

GCE 

GCE 

GCE 

GCE 

GCE 

GCE 

CiCE 
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APPENDIX K. (CONTINUED) 
Detectioo Prepan tioo Analysis 

Par.a meter ResuJt · Q ualifier Unit Limit  Method Date D a te An.aly5t 

loJomclhanc: <S.O Ul!-'L S .O EPA 81606 09i2$. 0 I  09 :?5i01 GCE 

hopropylbcnzcnc <S.O U@/1. S .0 EPA 82606 09,'!j:O I 09�S/01 GCE 

rn.p-X�lene <5 .0 Ut?-fl S .O EPA &:?(>()8 09-'25·0 1 09,1 5;0 1  GCE 
Mct.bacl)·lorucnlc <-S 0 ug..-L S.O EPA 31608 091251 0 1  09i25i0 1 GCI::: 
Mclhyl Mc:th;a� laic <S .O u1;1L S.O EPA 82608 09:251 0 1  09:2J/O l GCE 
'Mcth�lc:nc Chlondc < S .O U!liL S.O EPA 32609 OW:?SiOl 09.'lSiO I GCE 
D-BllfYlbcnzcnc <S .O ug/L 5.0 EPA 8260Il 09/2Si0 1 09.1.SiO I GCE 

n-i:'nlpylbcnzene <S.O u�·L s .o EPA 82608 09:2s;o1 09.'25. 0 l  GCE 

Napchalc:nc < S .O u�iL s o  EP.°' 81608 09;2s;o 1 09 ·'15·0 1 GCE 

e>-Xy lc:nc < S .O u�/l. s 0 EP.-\ 81608 09�;; 0 1  09 ·15.:0 1 GCr: 
P cnu.: h.Joroclh.inc <S.O ugiL s .o EPA 8 2608 09:15i0 \ 09.2s. 0 1  GCE 
scc-S\lf)'"lbcnz� <S.O u�11. S .0 EPA 8:?608 0?:'25, 0 1  oq ."l s. 0 1  GCE 
!>:)Te= <S . O ug•L 5 0  EPA 8260B 09125; 0 1  09 1-'10 1 GCE 

t-Bul")o·l-Mc:th� I Ether <S.0 ll@IL S.O EPA 8:!6013 09:'1Si0 1 09:25101 GCE 
ICll-Ilut) Jbenz.=e <S .0 u11:L s 0 EPA 82608 09!'.!S: O I  091 1 5, 0 1  G CE  

T ctr.>chloroethc"c <5 0 ug·1.. S .O EPA 82608 09i2S.'O l Qq-:?S· O I  GCE 

Tolucoc <.S 0 u"L rn EPA &:?608 09 ·:?Si01 09. 1510 1 GCE 

tr.ms- 1 .2 -0lc!llor�c:ne <5 0 U�'L S.O EPA &2606 09!:!5i01 09· :?5,0 l  GCE 
tnos- 1 . �-0tchloroP<"Op<eM <S .O ui;;L S.O EP.-\ 32609 09 -;:s. 0 1  09. �:0 1  GCE 
inns- I .-l-D1chJOfo-2-B utcnc- <S .O u111-·L S .O  EP.°' &�608 09,-;: 5, 0 1  0 9  !!:0 1 GCE 

Tnct>iorocrbcne <S .O ui.'L S .0 EPA s::60B 09.--:: s: o 1  09 2.5.0 1 GCE 
TnchloroOuoromcthane <S 0 UJllL 5 0 EPA S160B 09.'ls.o 1 09!1 5:"0 1  GC E  
Vinyl Cblorid.: <5.0 ug;L S.O EPA S 260B OYt�!O I  09 :s.-0 1 Ger: 
Propt00itnlc <�O ug;1. so EPA :S::60B 09, 15,0 1 09 "25·0 1  GC F.  
El' A  C60 la water oq· :?S. 0 1  

Tolucoc-dS ( 5 unocuc) 1 09 � SS EPA 1260B 01112.s,01 09. �:: 0 1  ccr; 
l �-D1cklor0C1kMlc-d-4 1 S=o?c/ 1 1  j �. 76 EPA 126-0B 09!1 Si0 1 09. :?,, 0 I  G<.-E 
-4-Broruolluor�cnc: (SurTI>ptci S-1 � .. .... EPA S260B 09.t:? SiO I 09. :5. 0 1  CCE 
C!vcnuum Tot;a.J <0.0 1 mg. L 0 0 1  EP A  60 1 0 8  09!2-liO l 09 :?� 0 1  � 
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APPEN D I X L. R E  I D E N T I  \ L  U R V E Y  FORl\ 1 

Residential  Su rvey 
Date : __ _ 

Surveyor's Na me(s) : ____ _ 

R e  i d e n c cs < 2 0 0  ft fro m S h o r e l i n e Re i d e n c e  > 2 0 0  f t  fro m S h o re l i n e 

R o a d  # S e a s o n a l  # Y e a r  R o u n d  # S e a s o n a l  # Y e a r  R o u n d  

N a m e  
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APPENDIX M. TREES, SHRUBS, AND GROUND COVER: IDEAL 

SPECIES FOR BUFFER STRIP COMPOSITION. 
Data from Cumberland County Soil Water and Conservation District Fact Sheet 
#05.  

Scientific Name 
TREES 
Deciduous 
Acer rubrum 

Ace r  sacclzarum 

Ace r  sacclzarin wn 

Ace r platanoides 

Tilia cordata 

Fra.xin us 

pennsylvan ica 

Malus sp.  
Quercus rubra 

Betula papyrifrera 

Gleditzia triacantlzos 

Evergreen 
Pin us resinosa 

Pin us strobus 

Pin us n igra 

Thuja occidentalis 

Tsuga canadensis 

SHRUBS 
Viburnum derztatwn 

Viburnum carlesii 

Viburnum 

tomentoswn 

Viburn um plicatum 

Common Name 

Red Maple 
Sugar Maple 
S i l ver Maple 
Norway Maple 
Litt leleaf Linden 
Green Ash 

Crabapple 
Red Oak 
Paper Birch 
Honey Locust 

Red Pine 
White Pine 
Austri an Pi ne 
White Cedar 
Eastern Hemloc k 

Arrowood 
Korean Spice 

Vi burnum 
Doublefi le 

Vi burnum 
Cranberry Bush 

Forsyth ia x lnt e nnedia Forsyth ia 
Lon icera tatarica Honeysuckle 

Vaccinium High bush 
coryimbosum B lueberry 

Biology 493: Lake George and Oaks Pond 

Scientific Name Common Name 

Comus sericea Red Dogwood 
Comus racemosa Gray Dogwood 
Amlelanclz ier laevis Serviceberry 
Rosa rugosa Rugosa Rose 
Elaeagnus umbellata Autumn Ol ive 
/lex verticillata Winterberry 
Myrica Bayberry 

pennsylvan ica 

Spiraea sp. Spiraea 
Syringa sp. Li lac s  
Potentilla fruticosa Potenti l la  
Junipe rus sp. Juniper 
Berberis sp. Barberry 
Euonymus alatus Burning Bush 
Rhododendron sp. Rhododendrons 

Azaleas 

VINES A ND GROUNDCOVERS 
Pteropsida sp. Fems 
Vaccin ium Low bush 

angustifolium B lueberry 
Lon icera sp. Honeysuckle 
Celastrus scanderas Bi ttersweet 
Parthenocissus 

quinquefolia Virgina Creeper 
Hemerocallis sp. Day l i l y  
Hosta sp. P lantain Li ly  
Coronarius sp . Crown Vetch 
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A PPEN D I X  N .  B U F F E R  ST R I P  S U R V E Y  FO RM 

D ate : s u rve_yor : s ecu n :  
House # :  0 l - 2 5  26 - 5 0  5 1  - 7 5  > 7 5  Score : 

Lakeshore coverage ( o/t ) 0 I 2 3 4 

B u ffe r depth from shore ( ft.]j 0 l 2 3 4 

S lope b/w shore & house : > 50 50 - 26 2 5  - 1 0 
l 00 % equa l s  4 5 °  s lope 0 l 2 3 

Compos i t ion :  1 OOo/c 7 5 lll so c 2 5 9<  0 '1£  
Trees 4 3 2 1 0 
Shrubs/Flowers 1 0  8 6 4 0 
R �ra_.E needed: YES-0 N0-2  
Lot Shore !  i ne 0-60'  60- 1 20 1 20- 1 80 > 1 80 ' 

di stance 
Tota l :  

� 
: �' . · 
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APPENDIX 0. DETAILED ROAD SURVEY FORM 
DATE: ______ _ SURVEYOR ' S  NAME(S) : _________ _ 

ROAD NAME/NUMBER· 
G E N E R A L  D E S CR I PT I ON 

ROAD DIMENSIONS : Length ( m i les) :  __ Average Width (feet) : __ OVERALL SLOPE ( % ) :  __ 

TOT AL NO. OF WATER DIVERSIONS : __ _ NO. OF MISSING WATER DIVERSIONS : __ _ 

NUMBER OF MISSING CULVERTS NEEDED: S IZE OF CULVERTS NEEDED : 

D ES C R I PT I ON O F  ROA D S U R FA C E  

Score each 0.1  m i le section o f  road with  checkmark [.../] i n  a p p ro p riate co l u m n  o f  each row. 
For  roads with u n ifo r m  s u rface cond it ions,  s imply d ivide road i n to one to th ree equal  

sectio ns depending  upon length of road.  When survey is com plete compute average sco re 
fo r each characteris t ic  usin_g_ val ues s h o w n  in _l!_a rentheses. 

Crown 

Good 

__ ( l ) 
6 i n .  

Acceptable 

__ (2)  
4 in .  

Fair  

__ (4) 
2 i n .  

Poor Big 
Problem 

__ (6) __ (8)  
0 0 i n ./ruts 

i n ./pothole 
s 

Surface (dry) __ ( l ) 000000 __ ( 3 )  
hard w/ 

dust 

__ (4) __ (5 ) 
hard w/o dust 000000 loose dusty & 

OR 
Surface (wet) 

Edge 

Base 

U S A G E  

O V E R A L L  

S U R F A C E  

__ ( l )  
hard 

__ (0) 
no 

berm/ridge 

__ ( l ) 
gravel 

__ ( l ) 

seasonal 

C O N D I T I O N  __ ( l ) 
100%_g_ood 

x 

__ (2)  
hard & s l ick 

000000 
000000 

__ (2) 
gravel/sand 

__ (3)  
s l ick & 

loose 
000000 
000000 

__ (3)  
dirt 

loose 

000000 __ (5 ) 
000000 mud 

000000 __ (5 ) 
000000 berm/ridge 

prevents 
surface 
runoff 

__ (4) __ (5 ) 
sand/clay clay 

S URFACE 
TOTAL [a] 

000000 000000 000000 __ (5) [b 
] 

000000 000000 000000 _year round 

__ (2) 
75%_g_ood 

x 

__ (3)  
50%_g_ood 

__ (4) __ (5) [c] 
25%_good 0%_g_ood 

= 

Average Score 

S U R FA C E  la] USA G E  lbl C O N D I T I O N  [c] S U R FA C E  TOTA L [d] 
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APPEN D I X  0.  ( CO N TI N U E D )  
DAT : _____ _ R Y O R ' S N A M  ( ) : __________ _ 

R AD N A M E/ N M B ER : _________________________ _ 

D ES C R I PT I O N  O F  R O A D D I T C H I N G 

Sco re t h e q u a l i t y o f  d i t c h es fo r t h e e n t i re road w i t h  c h e c k m a r k  [ � ] i n  a p p ro p r i a t e  co l u m n  

o f  s u m m a ry e v a l u a t i o n .  Use t h e d esc r i p t i o n  p ro v i d ed t o  d e t e r m i n e  t h e  o ve ra l l  d i t c h  

Depth 

Width 

Vegetat ion 

Sed i me n ts 

Shape 

S U M M A R Y 

OF D I T C H  

Good 

__ ( l )  
a m ple/none 

naxied 

__ ( l ) 
2 ft . 

(or r ad 

s l  pe i n to 
adjacent land) 

__ ( l ) 
8 ft . 

(or road 
s lopes i n to 

adjacent land) 

__ ( l ) 
turf. wooded . 

or r ip  rap 

__ ( l ) 
none 

__ ( l )  
parabol ic 

v 

C O N D I T I O N  __ ( l )  
1 00%good, 

or none 
needed 

x 

A eptable 

000000 
000000 

__ _  ) 
3 ft . 

__ 2 )  
6 ft . 

__ ( 2 ) 
gra s 

__ ( 2 )  
1 i nch deep 

__ (2 ) 
trapezoid 

v 

__ (2) 
75%good 

c o n d i t i o n .  

Fa i r  p r 

__ ( 5 )  000000 
me needed 000000 

__ ( 3 ) 
4 ft . 

__ ( 3 ) 
4 ft . 

__ (3 )  
weeds 

__ ( 3 )  
2 i nches 

ck:ep 
__ (3 )  

round 
v 

__ ( 3 )  
50%good 

l ft . 

__ 4 ) 
2 ft . 

__ (4 ) 
bru h 

__ (4 ) 
� i nches deep 

= 

__ (4) 
v-shaped 

v 

__ (4) 
25 %good 

B i g  Pro b l e m  

__ ( 1 5 )  
badly needed 

__ (5 ) 
no d i tch 

pre ent  but  

needed 

__ (5 )  
n o  d i tch 

prese nt  but  

� 

__ (5 ) 
bare so i l  

__ (5 ) 
>4 i nches 

deep 
__ (5 )  

square 

LJ 
T O T A L  lel 

__ (5 ) 
0%good, or 

no d i tch 
present but 

needed 

[f] 

D IT C H ES [e]  CONDITION lfJ D I T C H  T OTA L [_g] 
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A erage 
Score 
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APPENDIX 0. (CONTINUED) 
DATE: SURVEYOR ' S  NAME(S) : __________ _ 

ROAD NAME/NUMBER: ________________________ _ 

A road segment is defi ned as a part icu lar length of road which has a relat ively conti nuous angle of inc l i ne (% grru:k ). 
S tart and end segments so that their lengths fal l  i nto one of the column headi ngs i ndicated. For each segment recatl 
the segment % grade i n  the upper table, and place a check ['1] i n  the appropriate box of the lower table. The upro 
table i s  used to ident ify part icularly troublesome road segments. whi le  the lower table is used to characterize the soi l 
eros ion potent ia l  of the road i n  oeneral (shaded boxes represent h ioh  eros ion potential) ;> ;> 

S e g m e n t  S c o re = Segment 

Length X % G rade 

A Length 50 1 00 200 500 1 000 
% Grade ( ) ( ) ( ) ( ) ( ) 

B Length 50 1 00 200 500 1 000 
% Grade ( ) ( ) ( ) ( ) ( ) 

c Length 50 1 00 200 500 1 000 
% Grade ( ) ( ) ( ) ( ) ( ) 

D Length 50 1 00 200 500 1 000 
% Grade ( ) ( ) ( ) ( ) ( ) 

E Length 50 1 00 200 500 1 000 
% Grade ( ) ( ) ( ) ( ) ( ) 

F Le ngth 50 1 00 200 500 1 000 
% Grade ( \ ( ) ( ) ( ) ( ) I 

G Length 50 1 00 200 500 1 000 
% Grade ( ) ( ) ( ) ( ) ( ) 

H Length 50 1 00 200 500 1 000 
% Grade ( ) ( ) ( ) ( ) ( ) 

I Length 50 1 00 200 500 1 000 
% Grade ( ) ( ) ( ) ( ) ( ) 

J Length 50 1 00 200 500 1 000 
% Grade ( ) ( ) ( ) ( ) ( ) 

K Length 50 1 00 200 500 1 000 
% Grade ( ) ( ) ( ) ( ) ( ) 

L Length 50 1 00 200 500 1 000 
% Grade ( ) ( ) ( ) ( ) ( ) 

M Length 50 1 00 200 500 1 000 
% Grade ( ) ( ) ( ) ( ) ( ) 

N Length 50 1 00 200 500 1 000 
% Grade ( ) ( ) ( ) ( ) ( ) 

0 Length 50 1 00 200 500 1 000 
% Grade ( ) ( ) ( ) ( ) ( ) 

ROAD SEGMENT TOTAL 
Segment Len gth (feet) 

% Grade 50 1 00 200 500 1000 
0-5 %  __ (4) __ (5 ) __ (8) __ ( 1 2) __ ( 1 7) 
Total 
6- 1 0% __ ( 1 0) __ ( 1 4) __ ( 1 9) __ (3 1 ) __ (43) 
Total 

1 1 - 1 5 %  __ ( 1 6) __ (23) __ (33) __ (5 1 ) __ (73) 
Tota l 

1 6-20% __ (29) __ (4 1 ) __ (5 8) __ (9 1 ) __ ( 1 29) 
Total 

After surveying  road, mult ip ly the number of checks i n  each box by the erosion potent ial  coefficient for that 

box to obtai n  a box tota l .  To obtain the Road Segment Average, add all of the box totals  and divide by the 
total n umber of checks. 

Road Segment A verage - Total Of Al l Boxes 7 Total # Of Checks 
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APPE N D I X 0.  ( CONT I N U E D )  
T : _____ _ R E Y  R '  N M E  

R D N M IN M B  - R :  __________________________ _ 

D ESC R I PT I O N  O F  C U L V E R TS 

S c o re t h e  q u a l i ty o f  c u l v e r t s  fo r t h e  e n t i re road w i t h  c h e c k m a r k [ � ]  i n  a p p r o p r i a t e  

co l u m n  o f  s u m m a ry e v a l u a t i o n .  Use t h e  d es c r i p t i o n s  p ro v i d e d t o  d e t e r m i n e  t h e  o ve ra l l  

c u l v e r t c o n d i t i o n .  

Need 

Wear 

S i ze 

Insides 

Cover i ng 
Materia l  

O V E R A L L  

C U L V E R T  

C O N D I T I O N  

G 

__ ( l )  
amp le/n  ne 

reeded 

__ ( I  

__ ( I ) 
2 ft . d i am .  

__ ( l )  
cleJn 

__ ( l ) 
at least  l ft . 
t h i ck  or h a l f  

d iameter o f  

l arge c u l verts 

__ ( l ) 

1 00%good. 
or none 
needed 

C U L V E RT S  [ h] 

Acceptable 

000000 
0000 0 

__ _  ) 
a g i n g  

( s  m e  r u  t ) 

__ 2 ) 
1 - 1 /2 ft . 

d iam 

__ ( 2 ) 
some roc k 

and/or water 

000000 
000000 

Fa i r  

__ 5 ] 
me not 

w rk i ng 

__ 3 ) 
Id 

ru t ho le  ) 

__ 3 ) 
I ft . d i a m .  

p r 

000 
000000 

__ 4 ) 
b l l  m 

gone 

__ 
4 ) 

< l ft . d i am . 

__ ( 3 ) __ (4 ) 
�2 i n . s i l t > 2  i n .  i l t  

__ ( 3 ) 
__ 

(4 ) 
l e  t han  l co er ing 

ft . th i c k  i nadequate 
to prevent  

bent  c u l vert 

B i g Pr b lem 

1 0  

bad! needed 

000000 
000000 

000000 
000000 

__ (5 ) 
top of cu l ve rt 

show i n g  

through road 
surface 

T O T A L 

__ ( 2 ) 
__ 

( 3 ) __ (4) __ (5 ) 

[h ]  

75%good 50%good 25%good 0%good, no 
cu lvert 

present but  
needed 

x = 

C O N D I T I O N  [ i ]  C U L V E RT TOTA L " ] 
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[ i ]  

A v e .  

Score 
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APPENDIX 0. (CONTINUED) 
DATE : SURVEYOR ' S  NAME(S) : __________ _ 

ROAD NAMEJNUMBER: ����������������������������� 

D E S C R I PT I O N OF W A T E R  D I V E R S I O N S  
S co re t h e  q u a l ity of water d iversions for t h e  ent ire road w i t h  checkmark ['1]  in  

appro p riate col u m n  of each ro w. Use the descript ions p ro vided to dete rmine the  overal l  
water  d i ve rs i o n  condit ion .  

Average 
Gocxi Acceptable Fair  Poor B i g  Problem Score 

Need ample/none 000000 000000 000000 bad.I y needed --
needed ( 1 ) (5) 

Where does w oods  field o r  lawn gu l ly  i n  S tream Lake 
diverted water ( ) (2) woods (3)  (4) (5) 

go? --

T OT A L ill 
O V E R A L L  

W A T E R  

D I V E R S I O N  

C O N D I T I O N  __ ( l )  __ (2 ) __ ( 3 )  __ (4) __ (5 ) [ l ]  --
1 00'7ogood, 75%good 50%good 25%good 0%good, no 

or none di versions 
needed present but 

needed 

x = 
W A T E R  D I V E RS I ONS [ k ]  C O N D I T I O N[l] W A T E R  D I V E R S I ONS TOT A L  lm ] 

F I NA L EVA LUA T I O N  OF T H E  R O A D  

+ + + = 
[d ]  [g ]  [j ] [ m ]  

S URFACE + DITCHES + CUL VERTS + WATER DIVERS IONS = ROAD TOTAL 

The lower the tota l ,  the better the score for an indi vidual road. Having a low or acceptable score does not mean thatj 
road maintenance is unnecessary , but a h igh score indicates the need for work, and can be used as a guide for mak ingj 
decisions about where and what type of work is needed. As a rule i f  anv item checked was worth more than twd 

po ints it should be gi ven priority when developi ng a road mai ntenance pl an .  

ROAD SEGMENT TOT AL = --------

ROAD SEGMENT AVERAGE = ----------
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A PPEN D I X  P. L E N G T H ,  W I DT H ,  A N D  A R EA O F  ROA D 

u mmary of leng t h  w i d t h  a nd a rea fo r a l l  road u rv cy d .  T he e d a t a  w e re col l ec ted o n  
3 - 0c t -0 1 and 9- 0c t - 0 1 .  

L e n gt h  
Road Name ( m i l e ) Lengt h ( fee t )  W i d t h  ( fee t )  A rea ( ac re ) 
Paved S u rface 
Oak Pond Rd.  0 . 70 3 , 696 . 0  2 3 . 0 1 . 9 5  

Moores  Mi l l  Rd .  0 . 1 0  5 _ 8 . 0 1 4 . 0  0 . 1 7  

East R i dge Rd. I . _ 6 3 3 6 . 0  2 4 . 0  3 . 49 

Route 2 2 . 80 1 4 , 7 84 . 0  3 7 . 0 1 2 . 5 6 

Pinnac le  Rd.  0 . 70 3 ,696 . 0  2 6 . 0  2 . 20 

S tri ck land Rd. 0 . 4 5  2 , 3 7 6 . 0  1 5 . 5  0 . 8 5  

Lambert Rd. 0 . 5 0 2 ,64 0 . 0  2 2 . 0  1 . 3 3  

Total  6 . 4 5  34 0 5 6 . 0  2 2 . 5 5  

D i rUG ra vel S u fa ce 
R ay' s Road 2 . 5 0  1 3 , 200.0 1 2 .0  3 . 63  

Lake George East 0 . 60 3 ,  1 6 8 . 0  1 8 .4 1 . 3 4  

Lake George West o . _o 1 ,056 . 0 2 0 . 3  0 .49 

Notch Rd.  0 . 3 5  1 8 ,448 . 0  1 -t . O 0 . 5 9  

North Log R d  We st 0 . 1 0  5 2 8 . 0  2 2 .0 0 . 27 

South Log Rd East 0 . 40 2 , 1 1 2 . 0  1 2 . 5  0 . 60 

South Log Rd West 0 . 2.f 1 , 267 . 2  1 2 .0 0 . 3 5  

Zi korous Ln . 0 . 20 1 ,056 .0  8 .0  0 . 1 9  

Ki ngfi sher/Chic kadee Ln . (FL #  l )  0 . 8 0 4 2 24 .0 1 1 . 3  1 . 1 0 

B l ue Heron Ln . (FL #2 ) 0 .40 2 , 1 1 2 . 0  1 2 . 7  0 . 6 2  

Pheasant Ln . (FL #3 ) 0 . 20 1 ,056 .0  1 3 . 0 0 . 3 2  

Woodcock Ln . (FL #4 ) 0 . 3 9  2 ,05 9 . 2  9 . 0  0 .43  

Loon Ln . (FL #5 ) 0 . 3 0 1 ,5 84 .0  1 0 .0 0 . 3 6  

Total 7 . 3 8  3 8 ,966. 4  1 1 .40 
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Appendix Q.  

Inves t i gat i ng Fo rest Success i o n  i n  

Lake Geo rge Reg i o na l  Par k  

Muc h of w ha t  we see i n  the f orests s u rround i ng La ke George was 
at o ne t i me ag r i cu l t ura l f i e l ds. Ol d p hotograp h s  o f  t he reg io n s ho w  t hat 
a l most a l l  of the l and was s ma l l  farms and even t o d ay as yo u h i ke 

t h ro ug h  the f o rest , y o u  w i l l  cont inua l ly f i nd t he fo u ndat ion s  and 

sto newa l ls o f  o d farms scattered among the t rees. Give n  t he c hanc e ,  

c l ea red f i e l ds w · 1 1  eve nt ua l ly return to mat ure c l i m ax forests i n  a 

p rocess known as eco l og ica l succ ess i o n. A cco r d i ng ly ,  vegetat ion f o l l ows 

esta b l i s hed p red ic tab le patt erns of re-growth and chan g e  fo l l o w i ng 
d istur banc es by farm i ng ,  t i mber harvest i ng ,  an d f i re .  

Lake Geo rge Reg io nal Pa r k  (LGRP) prov i des exce l l ent exam ples o f  

f o rest succes s i o n  w ith  stages i l lustrat i ng o l d  f ie l ds ,  trans i t i o na l  forests , 
and mature c l i max fo rest communit i es .  

STAGES OF FOREST SUCCE S SION 

short l i ved 

herbac ious species 

STAGE t :  OLD FIELD 
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seco ndary growth 

trees 

STAGE 2 :  
TRANSITIONAL 

FOREST 

mature 

growt h 

STAGE 3 :  CLIMAX FOREST 
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p pen d ix Q.  CONT I N U E D )  

Stage 1 - T h e  O l d  F i e l d  (v is it i nterse c t i o n  R )  

S u c c ess i o n o n  a bando ned f i e lds  i s  rap i d .  Gras ses a n d o t her 

s ho rt- l i ved h e rbaceous s p e c i es d o m i nate at f i rst .  These are s un l o v i ng 

s pec i es w h i c h are a b l e  to  w i t hstand d ry cond i t i o ns.  Next , large r 

spec i es s u c h  a s  Queen A nn e ' s  lace , aste rs , gol denrods , and 

mi l kweed ra ise t he h e ig ht of the vegetat i o n and s h ade out the 

g rasses.  Bl ackberr ies , sumacs and ot her  sh rubs then app ear , fo l l owed 

by tree s eed l i ngs w h i c h  r i s e  above th is  s h rub laye r and o ut - compete 

herbaceou s p l ant s .  

A n i ma l  spec i es i nh ab i t ing t h e o l d  f i e l d  may i n c l u d e  mo narch 

butterf l i es w h i c h  l ay t h e i r  eggs on m i l kweed , an d woodc hucks. 

Pioneering Trees 
The p i o neer i ng t ree s pec i es that rep l ac e  annua ls  an d s h rubs 

change the m i c ro c l i mate as they g r ow ,  cast i ng s h adows on t h e  o pen 

f i e l d  ma k i n g  it  co o l e r  and more d i f f i c u l t  for  s u n l ov i ng s pe c i es to grow 
benea t h. Wh i le l i g ht is  red uced at t h e so i l  surfac e ,  t h e so i l  beco mes 

more ab l e  to  reta i n  wat e r ,  and the p resence o f  so i l  n i t rogen and 

organ ic matt er increas es .  The p i o neer i ng tree spec i es most commonly  

seen i n  t he park i nc l ude eastern red cedar , b lack c herry , gray 

birch , quaking aspe n ,  and wh ite p ine . 

Stage 2 :  The Transitiona l Forest (major i ty of t r a i ls  A - W) 

In t he tran s i t i o na l  forest , the deve lopment of d i fferent canopy 

l eve ls  b eco mes ev ident . These canopy l eve ls can surv ive b ecause 

t h ere is eno u g h  l i ght penet rat i ng throug h  the leaves of the ta l l er 

trees to a l l ow for ger m inat i o n . Meanw h i l e  the microc l imate created 

by the fo rest is much more mo ist and coo l t han the o l d- f i e l d and 

therefore a b l e  to support a greater d ivers ity of spec ies .  Th is 

d i vers i ty is enhan ced by t h e  fact tha t  some p ioneer spec i es are st i l l  

present at the same t i me t hat c l imax species beg in  to mat ure.  
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Ground cover spec i es i nc l u d e  shinl eaf , wintergreen, and var io us 

types o f  f e r ns s u c h  as Christmas fern ,  sensitive fern , and bracke n 

fern w h i c h  t h r i ve i n  mo i st p l ac es. A t  t his l eve l , a n i ma l  s pec i es such as 

t he ruffed gro use f eed o n  i nsects , berr ies and seeds t hat are o n  the 

g r o u n d .  The s h ru b  l aye r co ns ists of p l ants at adu l t  chest h e i ght such 

as map l e  l eaved viburnum and haze l nut. Here,  hai ry woodpeckers 

may b e  s een p ro b i ng f o r  i nsects i n  t he bar k and h o l l ows 

of t r ees . Trees t hat r ise b etween 10 a nd 20 ft h i g h  c o m p r is e  the 

understory.  U nde rsto ry s p ec ies i nc l u d e  hop hornb eam , witch hazel , 

and striped map l e  w h i c h  can to l erate low l i ght cond i t i o ns .  The ta l l est 
trees m a ke up t h e  cano py. These in c l ude paper birc h ,  ye l low b irc h ,  

quaking aspe n ,  nort hern red oak , wh ite ash,  w h ite pine , and 

easte rn red cedar . Gray squ irre l s  and eastern chipmunks common ly 

i nh a b i t  t rans it i o na l  f o rests w here they act ive ly co l lect a nd st ore nuts 
and seeds f ro m its t rees. A co rns f ro m  the no rt hern red oa k are t he 

p refe r r ed fo o d  c ho i ce of g ray squi r re l s  and so me b ir ds b ecause of  

t h e  h i gh e nergy co m b i nat i o n  of  pro tei n and fat t ha t  they provide.  

Porcupi nes m i ght a lso be found in  the t rans it ional  fo rest feed ing on 
l eaves , t w ig s  and t ree ba r k .  A lso keep a l oo kout fo r t he white tai led 

deer,  a s hy h er b ivore t hat feeds m ost ly o n  d ogwo o d ,  c h o kec herry ,  
r e d  ceda r ,  p i n e ,  a n d  ot her woo dy vegetat i o n ,  a s  we l l  as leaves , 

g rass es , f ru i ts and n uts . A rare moose s i g ht i ng is a lso poss i b l e  w it h i n  

t h e  pa rk .  Moose tend t o  f eed o n  fresh woo dy p lant mater ia l fro m 
q uak i ng aspen , d ogwoo d ,  red ma p l e ,  str i ped map l e ,  wh ite b i rch , 

haze l nu t , p in c he r ry ,  and b a l sam f i r trees . In the s u m m er t i me ,  Mo o s e  

may a l s o  b e  fou nd f eed i ng o n  aquat i c  vegetat i o n  incl u d i ng wat ers h i e l d ,  

ye l low p o nd l i ly ,  and p o n dweed. 

Biology 493: Lake George and Oaks Pond Page 243 



Append i x  Q.  ( O N T I N U E D ) 

White Pine S tands (v i s i t  I nt e rse c t i o n  I -J )  

S i nc e  wh ite p ine g rows faster than t h e  ha rdw o o d  seed l i ngs , 

a l most p u re stands o f  wh i t e p i ne r i se u p  i n  many s e c t ions  o f  LGRP.  

W h i te p i ne d o m i nate  the can o py for  t h e i r  l i f espa n of 80 t o  1 2 0  
years.  S evera l  an i ma l s p ec i es are kno wn to inh a b i t t hese stands 

i nc l ud i ng raccoons , bats , and red squ irre l s .  A wa l k  t h roug h o ne o f  

thes e  wh i te p i ne t rans i t i o na l  fo res t co mmu n i t ie s  revea ls  c l ea r l y  how 

t h es e  f o res t  stands decrea s e  t h e  amo u n t  of l i ght  reac h i ng t h e  

g ro u n d .  W h i te p i nes a l s o  c hange t h e env i ronment b e neath t h e m  by 

tak i ng up wat er into t h e i r  roo t syst ems . T h i s  com b i n at i on of s had e 

and low mo i stu re ava i l a b i l i ty m a kes i t  i mposs i b l e  fo r most w h i te p i ne 

seed l i ngs to g ro w  up underneath t h e  parent t rees . As a resu l t ,  shade ­

to l erant har dwo o d  spec i es beg i n  to g row u p ,  s ett i ng t he stage for  t h e 

next phas e of success i o n . 

Stage 3 - Th e Cl imax Forest (v is i t  i n tersec t i o ns X-Y-Z)  
A s  t h e  s hade -to ler ant hardwood spec i es grow tal l and w id e ,  t h ey 

beg i n  to rep lace spec i es o f  t h e  t rans i t i ona l  fo rest .  Lon g- l i ved t rees 

s u c h  as beec h , oak ,  and mapl e  g row best under woo ded cond i t i o ns of  

dec reas i ng l ig ht and inc reas i ng mo isture and nutr i ents .  As t h e  s h o rt e r  

l i ve d s m a l l er t rees such  a s  b i rc h es ,  c her r i es a n d  p i nes d i e off , the 
emerg i ng hardwoo d spec i es are ab l e  t o  grow ta l l  and w i de .  Because 

most  o f  the hardwood s p ec i es are a b l e  to regenerate in t he i r  own 

s had e ,  the fo rest matu res and event ua l ly bec omes o pen u nd e r neat h 

do m i nated by tal l trees. 

Th roughout LGRP mushrooms and s he l f - l i ke bracket fun gus are 

co mmon. These s pec i es are typ i ca l ly  fo und on dead o r  d isease d  trees 

where t h ey decompose dead o rgan i c  matt e r ,  extract i ng and r e cyc l ing 

nut r ie nts bac k i nt o  the so i i .  
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Eastern Hem lock S tands 

East ern hem l ock  stan ds rep resent another type of mature 

fo rest community d o m i n ated by shade to l erant t rees that are ab l e  to 

t h rive in t he m o ist , c oo l , s hady cond i t i ons o f  thei r envi ron ment. 

S i nce the mature trees tend to do m i nate most of t he sun l ight in a 

h em l o c k  s tan d ,  yo unger trees w h i c h  have taken root may take severa l 

years to grow tal l " wait i ng" f or the oppo rtune t i me w hen an e l der tree 

fa l ls an d c reates a l ig ht gap . 

Red Squ irre l s  eat and sto re the seeds o f  Eastern Hemlock 

trees and are pa rt icu lar ly act ive in  t h e  fa l l  mo nths .  The bl ack - cappe d  

c h ickadee i s  a non-m i g rato ry b ird w h i c h  can b e  heard y ear round i n  

t h es e  f o rests an d can be recogn ized by its c a l l :  ch i c k -a-dee-dee-dee.  
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Inves t i gat i ng Ver na l  Poo ls  i n  
Lake Geo rge Reg i o na l  Par k  

What is a verna l poo l ?  

Ve rna l  o r  " s pr i ng "  refers t o  a type o f  tempora ry water b o dy 

w h i c h  usu a l ly c o nt a i ns water o nly  d u r i ng t he spr i ngt i me .  However , 

vernal  poo ls  may c o ntai n water at other  t i mes o f  t h e  year as wel l 

w he never t h e amo u nt of ra i n  need ed to f i l l  the p o o ls is  suff i c ient .  

Verna l  Po o l s are l o cated in  co nfi n ed bas i ns and t h e refore lac k a 

per manent o u tfl ow s u c h  as a stream.  

Why are vernal poo ls  val uabl e? 

Th ey are known to support t h e l ifecyc l es of c ha rac ter ist i c  

spec i es ,  some o f  w h i c h  are o b l i gate. on ly a b l e  t o  repro d u ce i n  vernal  

poo l s .  Because vernal  poo ls d ry out at l eas t once annua l l y ,  t h ey are 

unab l e  to suppo rt a f i sh popu lat ion .  As a resu l t ,  the wood frog (Rana 

sylvatica) and four spec i es of mole salamander ( A mbystoma spp . )  

have evo l ved b r eed i ng strategies i nto l erant of f is h  p redat ion  o n  

t he i r  eggs and larvae .  The lac k of f is h  p redat io n  is c ruc ia l  to  t he 

b reed i ng success o f  t h es e  spec i es .  A not h e r  vernal poo l ob l igat e is 
the  fa iry s h r i m p ( Eubranchipus spp . )  a typ e  of i nverteb rate who se 

eggs , l a i d  d u r i ng the p rev ious s easo n ,  deve l op as t he poo l  f i l l s up the 

fo l l ow ing  year.  Ot her amp h i b ian spec ies  such as t he American toad 

( Bufo americanus) t he green f rog (Rana clam itans) , and the red 
spotted newt ( Notoph thalmus viridescens) are fac u l tat i ve; t hey 

often exp l o it  thes e  fis h-f ree envi ronments but do not depend o n  

them. 
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An Endang ered Hab itat? 

A gene ra l lac k of understand i ng a bout t h e  habitat req u i reme nts 
and t h e  s ign i f i cance of verna l  p oo ls  fo r d ifferent spe c i es has l ed to 

t h e  i nadeq uate protect i o n  of vernal p oo ls  in the past . Fo rest ry 

o perat i o ns ,  deve lopment , and recreat ion  a l l infr inge upon these po o l s  

o ften u n know i ng ly ,  part icu lar ly when t h e  waters d ry u p  l eav ing on ly 

s mal l d it c h  l i ke bas i ns fo r a maj o r ity o f  the year. In add i t ion  to 

p rot ecting the poo l  ba s i n ,  it is impo rt ant that a b uffer be reta i ned 

around the po o l  to avo i d  d rast i c  chan ges i n  t he m i croc l i mate w h i c h  

can have d ramat i c  effects on  the spec ies t hat l ive there. F i na l ly ,  

j uven i l e  amp h i b ian spec i es may d isperse over ha l f  a m i le from the po o l  

i ts e l f  mak i ng up land protect ion  extremely impo r tant . Barr iers t o  

amp h i b ian moveme nt i nc l ude ag r icu ltu re ,  r i p-rap and rai l r oad b eams , 

l arge bod ies of water ,  and road s .  

S i nce there are current ly no str i c t  laws i n  t h e  stat e o f  Mai n e  to 

p rotect verna l  poo l s ,  t h e  most import ant t h i ng we can do is  ra ise 

pu b l i c awareness concer n ing the val ue of these endangered 

ecosys tems . So step careful ly! 
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COMMON SPECIES IN LGRP 

OLD FIELD 

GOL DEN ROD 

PIONEER A ND TRA NSI TIONA L FORES T TREES 

HOP HORNBEAM 
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QUA KING ASPEN 

NEW ENGLAND A STE< 

PAPER BIRCH 

Page 248 



APPENDIX Q. (CONTINUED) 

FERNS 

COMM ON ANIMALS 

... _ .  

GRAY SQUIRREL 
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s�·�SITIVE FERN 

RED SQUIRREL 

HAIRY 
WOODPECKER 

CHRISTM A S  FERN 

PORCUPINE 
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CLIM A X  FORES T 

AMERICAN BEECH 

YELLOW 
BIRCH 
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SUGAR MA PLE 

WHI TE OA K 

RED M APLE 

.,_/�./� 
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WHITE ASH 
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VERNAL POOL SPECIES 

SP OTTE D 
S A LA M A N D E R  

R E D  SPOTTE D N EWT 
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FAIRY S H RIMP 

A M ERICA N 
TOA D  
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A PPEN D I X R .  O I L  POT E N I A L  R A T I N G F O R 01\tl E R  ET 

COU NTY , M A I N E  ( USDA 1 972) .  
o i l  Type 

AaB- Adam I amy sand 

Aa - Adams loamy sand 

AaD- Adams loamy sand 

BaB- Bango r  s i l t  loam 

B aC2 - B angor s i l t loam 

BgB- Ban go r  v e ry stony 

s i l t loam 

B gC- Bangor v e ry stony 

s i l t loam 

B g D- B angor very stony 

s i l t loam 

B o - B i dde ford s i l t  loam 

- 1 5  % 

1 5 - 2 5  % 

3 - 8  % 

8 - 1 5  % 

3 - 8  % 

8 - 1 5  % 

1 5 - 2 5  % 

B u B - Buxton s i l t  loam 0 - 8  % 

B uC2- Buxton s i l t  loam 8- 1 5  % 

DxB - D ixmont s i l t  loam 0-8 % 

DxC- Dixmont s i l t  loam 8 - 1 5  % 

DyB- D i xmont very s tony 0-8  % 
s i l t  loam 

DyC- D ixmont very s tony 8-20 % 
s i lt loam 

Lk- L imerick s i lt loam 

Biology 493: Lake George and Oaks Pond 

D w e l l  i n  R o a d s  
M oderate M od rate 

M od erate S er M oderate 

S evere Seve re S e  ere 

M oderate Moderate S l i ght  

M ode rate Moderate Moderate 

Mode rate S l i ght  S l i g ht  

Moderate M ode rate Moderate 

S evere Severe Severe 

S evere S evere Severe 

Seve re Severe 

S evere Severe Severe 

S evere Severe M oderate 

S evere Severe Severe 

S evere Severe Moderate 

S evere Severe Severe 

S evere S evere S evere 

Devel o p m e n t 
M oderate 

M oderate 

Very Low 

H i gh 

M oderate 

H i gh 

Moderate 

Very Low 

Very Low 

Very Low 

Very Low 

Low 

Very Low 

Low 

Very Low 

Very Low 
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Soil Type S lope Septics Dwellings Roads D evelopmen t  

Mn- M ixed a l luvial land Severe Severe Severe Very Low 

Mo- Monarda s i lt loam Severe Severe Severe Very Low 

Mr- Monarda very stony Severe Severe Severe Very Low 
si lt loam 

Pa- Peat and muck Severe Severe Severe Very Low 

PgB- Plaisted gravel ly 3-8  % Severe Severe Moderate Low 
loam 

PgC- Plaisted gravel ly 8- 1 5  % Severe Moderate Moderate Low 
loam 

PrB- P laisted very stony 3-8  % Severe Severe Moderate Low 
loam 

PrC- Plaisted very stony 8- 1 5  % Severe Moderate Severe Very Low 
loam 

PrD- P laisted very stony 1 5 -25 % Severe Severe Severe Very Low 
loam 

RtC- Rock land, 0- 1 5  % Severe Severe Severe Very Low 
Thorndike and Lyman 

materials 

RtE- Rock land, 1 5 -45 % Severe Severe Severe Very Low 
Thorndike and Lyman 

materials 

Sc- Scantic silt loam Severe Severe Severe Very Low 

Sk- Skowhegan loamy fine Severe Severe Moderate Low 

sand 

TkC- Thorndike very 3 - 1 5  % Severe Severe Severe Very Low 

rocky silt loam 

TkD- Thorndike very 1 5-30 % Severe Severe Severe Very Low 

rocky si lt loam 

TpB- Thorndike-Plaisted 0-8 % Severe Moderate S light Moderate 

loams 

Biology 493: Lake George and Oaks Pond Page 253 



A P P E N D I X  R.  ( CO N T I N U E D ) 

.. o il Type S lope Se p t i cs Dwe l l i n gs l� o a d s  Deve lo p m e n t 

Tp - T h ornd i k c- P l a i st  ·d 8 - 1 5  % c re M od e ra t e c ry Low 
I a m �' 

Tp D- Th rn d i k c - P l a i s t c d  1 5 - 3 0  % .. c v c rc . c v c rc c r V e ry  w 
I a m . 

T t B - Th rn d i k c- B a ngor 0 - 8  % M d c n t c  M de ra t . l i g h t  H i g h  

i l t  l o a m  

T t C - Thornd i k e - B a n g  r 8 - 1 5  % M d e ra t e  M c  d c ra t  eve re Low 
i l t  loam 

TtD- Thornd i k e- B a n g  r i - - 0 % c re e e r  \ re Very L w 
i l t l oam 

W a - W a l po l e  fi n e  a n d  e \  ere e ere V e ry Low 
loam 
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APPENDIX S.  LAKE GEORGE AND OAKS POND WATER 
BUDGET VALUES AND CALCULATIONS 

Parameters Units Values 
Precipi tationa Meters/year 1 .07 
Evaporat ionb 

Meters/year 0 .56  
Runoff= Meters/year 0.46 
Watershed Area 

Lake George Square meters 1 5 ,9 1 6 ,247 .9 1 
Oaks Pond Square meters 1 0, 777 ,367 .44 

Lake Area 
Lake George Square meters 1 ,287 , 1 34 .88  
Oaks Pond Square meters 354,084 .06 

Mean Depthd 

Lake George meters 7 .22  
Oaks Pond meters 7 . 3 8  

I net 
Inet Lake George Cubic meters 7 ,907 '782 .46 
Inet Oaks Pond Cubic meters 5 , 1 1 8 , 879 .40 

Flushing Rate 
Lake George Fl us hes/year 0 .85  
Oaks Pond Fl us hes/year 4 .9 1 

aPrec ipi tat ion data were obtained from National Oceanic Atmospheric  Admini stration 
reports (NOAA 1 990-2000) .  Annual rainfal l was calculated by averaging data from the 
Madi son weather station and data mi ssing from Madi son from 1 99 1 ,  1 992,  and 1 997 
was supplemented with data from Waterv i l le and Augusta weather stations .  A ten-year 
mean from these yearly averages was used to determine Inet . 

bEvaporat ion constant was obtained from a previous study of the Lower Kennebec River 
B asin (Prescott 1 969) .  

cRunoff constant was obtained from a twenty-year study of prec ipi tation and runoff in  
New England and New York (Knox and Nordenson 1 955 ) .  

d Average depth was obtained from the Maine Department of  Environmental Protection 
MIDAS data (MDEP PEARL 200 1 ) . 

I net = (Runoff * Land Area) + (Precipi tation * Lake Area) - (Evaporation * Lake Area) 
Lake George Flushing Rate = Inet Lake George I (Mean Depth * Lake Area) 
Oaks Pond Flushing Rate = (Inet Oaks Pond + Inet Lake George) I (Mean Depth * Lake Area) 
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A P P E N D I X T .  P l l OS P l l O R U S B U D G l� l E Q  A T IO FOi� L A K E  

G EO R G E  

T h  re l l O\  i n n  q ua t i on \I a s d l o r  d t o  ·a l · u l a t t h  t ot a l r h  r h oru s c n t  r i n  

t h  \ a t  r h d ,  o i l rc t n t i  ) n  c h a rac t r i . t i  s ,  r p u l a t i c  n d m ) o ra p h i  - .- ,  a n d  r . i d  n t i a l 

de e l op m c n t  pat t ern . a. u rc . t h a t n t 1i b ut c I h p h (  ru - t Lak  o rg . 

w = ( Ee,, A �  + ( E c mf A rca mr ) + ( E I x A r  a + ( E ' n:!! A r  a rc!! + 

( Ee"  Area,\ ) + ( r�a ) + 

capi ta year n x ( l  - S R ,) ) + l I - R ) ) l  

x A r  a + I 

# a p i ta a r  

Eca = e x port coe ffi c ient  f r at m p h c 1i i n p ut kg/ h a/yr 

rn 

I - R ) + 

Est i mated R ange ( E R ) = 0 .  4 t 0 . 2 5  B e  t E t i  mate BE = 0 .08  

n \ # 

This coeffi c i ent wa  m di fied fro m the oeffi ient  used in  tud ie  of l a ke i n  the 

Be lgrade Lakes region of M a i ne ( B I493 1 999 - _00 1 ) . I t  was ba ed on the ery l ow 

amount of industri al ac t i vi ty  in  t he Lake George w ate 1  hed . Wi th  the re l a t i e absence of 

local poi n t  source s ,  ai rborne part i cu l ate phosphoru mu t tra e l  from di stan t  location s 

before deposi tion i n  Lake George , decreasing o era 1 1  a t mosphe 1ic de pos i t ion due t o  

di spersion . 

Ecmr = export coe ffic ien t  for mat ure forests  ( kg/ha/yr ) 

ER = 0.04 to 0. 1 5  B E = 0.08 

The export coeffic ient  used by the C EAT study of L ake Wesserunsett (B l493 200 1 )  for 

the fore sted l and was 0 .04 to 0.20. Their  coeffi cient  i s  based on the  fair l y equal  coverage 

of deciduous and con i ferous fore st in the watershed. Dec iduous forests have a 
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h igher export coeffic ient than coni ferous fore sts due to the annual decay of fal len l eaves 

in  compa ri son to the le ss frequent los s and decay of needles .  The coeffic ient for Lake 

George i s  based on ne arly equal  coverage of coniferous and dec i duous fore sts i n  the 

l ake ' s  watershed. 

Ee. = export coeffic ient for transit ional l and (kg/ha/yr) 

ER = 0.06 to 0. 1 7  BE = 0. 1 2  

Transi tional forests contain approximate ly  50 percent forest cover o f  m ixed aged 

trees in addi t ion to shrubs , bushes ,  and ground cover vege tation. Much of the transition a l  

forest i n  the Lake George watershed i s  dec iduous and i s  located near the l ake o n  a 

moderate s lope . These far tors requi re that a s l ightly hi gher export coeffi cient be ass igned 

to tran si tional land c ompared to mature forests . 

Ecreg = export coefficient for regenerating fore sts (kg/ha/yr) 

ER = 0.08 to 0. 1 9  BE = 0. 1 5  

The regenerating l and i n  the Lake George watershed represen ts areas of forests 

growing bac k at a uni form rate after being logged. Most of the patches of regenerating 

forests in  the watershed are at an early successional stage . Thi s  type of land use has an 

export coeffic ient s imi lar to transi ti onal forests because, a l though the regenerating l and 

contains more patchy growth than transition a l  forest l and, the sma l l  patches of 

regenerating land are buffered from the l ake by mature forests . 

Ecrev = export coeffi cient  for rev erting lands (kg/ha/yr) 

ER = 0.09 to 0.20 B E = 0. 1 5  

The export coeffic ient for revert ing land i s  s l ightl y  greater than for the other 

stages of successiona l  l and types. Reverting l and represents areas of o l d agricul tura l l and 

c urrent ly  in  s uccessi on between open fie lds and forest. Reverting l and l acks the c losed 
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p rol  'c t i v  C tn  P Y  ( r m a l l l l" ror -- : ts  but  dt  s ' O ! l l < J i n  a t h i c k  \ h ru h  ; rn cJ 1 ro u nd cover t h a t  

pr  n ts  J h e  s p h  ru . fr m b i n °  port d i t h s d i m n t .  

Ecw = e port 'Oe ffi nt fo r w t l a n d . k g/h a/ r 

E R = . _ t . 1 5  B = .07 

The c · po rt ffi i n t  r r v e t  l a n d , i :  v r I \ b c a u  · w t i  a n d  a ' t a . a . i n k  f r 

pho phorn d u ri n g  t h e · u m m  r , . . .JO \ 1 n g · a : o n .  The w t l a n ci . i n  t h  Lak 

w a t e rsh e d  m ay ac t a a l a rge i n k  f r p h  ph ru . i n · t h  t r i u ta ry t rcam f l  w thr  ugh 

we t l an d  be fore e n t e ri n g t he l a k e .  A . m a l l t ri p  f w t i  a n d  a l . ru n a l  ng t h e  u t h e m  

edge of  t he l arge t pan of  re rt i n 0  l an d  i n  t he ' at r ·h d .  The . m a l l a m  u n t  f 

phosphorn e x  port ed fr m v. ct l a n d  te rn i m r I i  I t ur d u ri n g  p ri d o f  

si gni fi cant bi o m a  d e  o m p  i t i  n ra t h e r  t h a n  t h  J w i n g  c a  n . T h e e p rt 

coeffic ient  are i mi l ar to t h o  e u cd i n  pa t E T t udi  in  t he B e l 0 ra de Lake r eg i on 

(B l493 1 997 - 200 l ) .  

Ecs = export coe ffic ient  for h ore l i n e de e l  pme n t  ( kg/h a/ r )  

E R  = 0.50 t o  2 . 2 5  BE = 1 . 75 

The hi gh vari abi l i ty of bu ffe r t ri p  q u a l i ty a l ong Lake George s hore l i ne 

prompte d a wi de range for thi s export coe ffi c ient .  Pho phorus can be depos i ted di rec t l y  

into Lake George due t o  s hore l i ne de ve lopment a n d  prox i m ity o f  park roads un l ess a 

suffic ient buffer stri p i s  i n  p lace . The export coeffi c ients  for Lake George shore l i ne 

deve l opment are s imi l ar to those used i n  CEAT studies  on Lake We s serunset t  and East 

Pond. Li ke Lake George , much of the shore line deve lopment on Lake Wesserunsett and 

East Pond was poorly buffere d, c lose to the wat er, and bui l t  on s loping l ots (BI493 2000, 

200 1 ) . 
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Ec0 = export c oeffi cient for non-shore l ine development (kg/ha/yr ) 

ER = 0 . 1 5  to 0 .75 B E = 0 .60 

Non-shore l ine deve lopment i n  Lake George ' s  watershed t ypical ly doe s not 

deposit phosphorus into the l ake. Usual ly  some buffer exist s be tween the non-shorel ine 

development and Lake George ac ti ng as a sink for phosphorus runoff. Consequentl y , a 

lower export coeffi cient is ass igned. Export coeffic ients for non-shorel ine development 

were al so base d on past CEA T reports with s imi l ar non-shore l ine development patterns 

(Bl493 1 999,  2000, 200 1 ) .  

Eci = export c oeffic ient for insti tutional  development (Lake George Reg i onal Park) 

(kg/ha/yr) 

ER = 0 .40 to 2 .00 BE = 1 .75 

A smal l  portion of LGRP i s  inadequate l y  buffered and i s  intensively use d by park 

v is i tors . Most of the remai ning l and within LGRP is forested and contributes re lat ive l y 

l i tt le to phospho rus loading.  These fac tors , when considered together, give LGRP an 

export coeffic ient that l ies  be tween the range s of shore l ine and non- shorel ine 

development .  

Ecr = export coeffi c ient  for roads (kg/ha/yr) 

ER = 0 .90 to 2 .75  B E = 2 .25 

The export coeffic ient for roads w as rel ati ve l y  h i gh due to poor c onditions of 

camp roads in  the Lake George watershed. Poor di tch ing, berms, and l ack  of water 

di versi ons are some of the m any factors that lead to i ncreased phosphorus input i nto L ake 

George . A number of s tretches of unpaved roads are l ocated withi n a few feet of the l ake 

shore l ine and show s igns of s ign ifi cant erosion and min imal vegetational buffering.  The 

export coeffic ient for roads in the Lake George watershed was a lso based on the export 
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� l  ffi c i  n t s  u se d  i n  t h  I a k  Wes s ru n s  t i  a n d  L1 .- t  Pon d \ a t c rs h  d '.-.  \.v h 1  · h  · on t a i n  · cJ 

re ads  i n  s i m i l a r · on d i t i o ns ( B l 4l ] 1 99 9 ,  _ ( )0 1 ) .  

Ec011 = port ' Oe ffi c i  n t  fo r c o m m  rci · t l  a n d  m u n i  · i pa l  l a n cJ s  ( k g/h a/ r )  

R = o . _o 1 o .  s B E = 0 . 60 

The e x po rt c ff i c i  n t  for c m m  r · i a l  l a n cJ . v..i i t h i n  L a k  rge : a t  r hcd a. 

baned u pon t he f e \  b u  i n  : . a n d a fi \ . ma l l  o ra v  I pi t :  fo u n d i n  t h  w a t  

B u  i n e c h a v e  a h i ghe r c p rt ffi c i  nt t h a n  r i cJ n t i a l  n n - :h r l i ne de l opm n t  

d u e  t o  park i ng I t a n d  o t h  r i mp rv 1  u u rfa · . . I m p rv i ou · u r fa c s \ i l l  i nc rca c 

run o ff from t h e  l a n d  i n  rca i n 0 p h  p h  rn l e  ad i n g  i nt t h  I a k  r a  c l  p i t a re pen to  

l eac h i ng and e ro i n ,  c n t 1i bu t i  n 0  t o  an l e  at  d p rt ffic i  n t .  

Ecag = e x port coe ffi i e n t  for ag 1i u l t w· a l  l a nd. ( k0/ h a/yr 

ER = o . _o to 0. 7 5  B E = 0 . 4 5  

The I and u c ategory of ag 1i c u l t u ra I l and  i nc I ude c r p and pa t u  re . I n  t he  

Lake George watershed,  t here i a i m  t tw ice  a m u c h  c ro p l an d  a pa t u re l an d .  Th e 

th ick grass cover of pas t ure re t ai n  ph p h o ru more e ffec t i  e l  y t h a n  c ro p l a n d  w h i c h  

typi ca l l y  l acks a s t abi l i z i ng g ro u n d  c o  er .  A I t h  ugh agri c u l tu ra l l an d  h a  t h e  pot e nt i a l t o  

annual ly  lose a l arge amount o f  pho phoru t he m aj o1i ty of t he agri c u l t ural  l and i n  the 

Lake George watershed i s  bu ffered by mature fore s t s  and i s  l oca ted far from the l ake . 

The export coeffi c i en t s  used for agri cu l tura l  t ype l ands i n  past C EAT report s and i n  

Higgins Lake , Mi ch igan were taken i nt o  cons iderat ion w hen ass i gni ng  t he export 

coeffic ient  for Lake George (Rechkhow and Ch apra 1 983 ,  and B I493 1 997 - 200 1 ) . 

Biology 493: Lake George and Oaks Pond Page 260 



APPENDIX T. (CONTINUED) 

Ecc = export coeffic ient for c l eared lands (kg/ha/yr) 

ER = 0 .25  to 0 . 80 BE = 0 .50 

This l and use category contains c l ear c uttings ,  se lection cuttings , and l ogging 

roads . The Lake George watershed has l i tt le c leared l and, m ost of which is buffered by 

ei ther mature fore sts or transiti onal fore sts . Defore sted land is very s usceptible to 

eros ion, wh ich  great ly  increases the export coefficient for thi s  l and use .  One of the most 

sign i ficant contributors to a h igh export coeffic i ent was the l ogging roads in  the 

watershed. A number of logging roads are located within a mi le of Lake George . 

Ecs.s = export coeffic ient for shore l ine septic systems (kg/ha/yr) 

ER = 0 .30 to 1 . 50 BE = 0 .75  

The condi t ions for septi c sy stems a long Lake George ' s  shore l ine are general l y  in  

fai rl y good condi t ion (Gray , pers . comm.) .  However, of  the 34  shore l ine houses,  

approximate ly  four have poor condi tion septic systems and ei ght have pi t  privies .  Pi t 

pri vie s are espec i al ly problematic because their con tents leach direct ly  into  the so i l .  Pit 

pri vie s can a l so con taminate the l ake i f  improperly c onstructed or i f  loc ated t oo near t he 

l ake shore . The dominant soi 1 types around Lake George are very poor for septic systems 

(USDA 1 972) (See Land Use Assessment :  Development Sui tabi l ity Model ) .  A 

maj ori ty of the houses along Lake George' s shorel ine are seasonal so the i r  septic s ystems 

contribute l ess than if t hey were year-round. These factors re sult  in a m oderate ly  h i gh 

export coeffic ient for shore l ine septic systems . The export coeffici ents were al so cho sen 

based on the r ange of coeffic ients from past reports (Bl493 1 997 , 1 999 - 200 1 ) . 
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Ec11, = c , po rt '( lli c i  n t  for n on - s h or -- l i n  s p l i c sy s t m s  k g/ha/  r 

E R = 0 . 20 t o  0. 0 

N o n -s h o r  l i n  , p t i c . , t m s  a r  i n  e qua l I p or : i I c c  n d i t i o n :  a . s h o r l i n e 

y te m b u t  t h  i r di ' l ane fr ) 1 11 La k o ro I m  r. t h  p c  r 1  · ffi · i  n t .  A l l  t h  

n t ri b u t e  m re ph ph o ru : t h a n  ca  n a l  

h u e . Th e p t i  - y  t e rn  of car  r , t nd t h new r an d  be ma i n ta i ned  n 

a m  re rou t i ne ba i . The c m i n a t i  n of t h e . e fa t r. a l l w t h  c p 11 e ffi c i e n t  t be 

l ower  t h an t he h o re l i ne p t i c  y te rn e x p  n o ffi i n t . i m i l ar n n - h re l i ne e pt i  

syste m paramete r were u e d  t a t t a i n  a e r  i m i l a r  ran ge f ffi i c n t  b a C EA T 

st udy o f  Lake We e ru n  e t t  i n _ I ( 8 1 4  3 _ 

Eci = e x po 11 c e ff i c i en t  f r i n  t i t u t i  n a l  LG R P ) e p t i  

ER = 0 . 30 t o  1 . 5 0  B E = 0 . 90 

tern kg/ h a/yr 

The se p t i c s y  t e rn i n  Lake Ge r 0e Reg i  n a l  Par a rc n \ an d e ffi i en t  o m  pared 

to  many of  t he  o l der s y s t e m  f hore l i ne c a m p  n the  I a k  . The park e pt i c  t e rn  a re 

bei n g  used m ore i nt ens i ve ly  t h an re i de n t i a l  c am p  tern a n d  t h e  ep t i c  s y te rn l eac h 

fie ld on the east s ide of the park i s  fa i r l y  c l ose t o  t he hore of  t h e  l ake . Together  these 

factors a l low for an export coeff i c i e n t  e ry c lose t o  t h e  coe ffi c ien t for shore l i ne septi c 

syste ms .  

The tenn, I ,  i n  the W equation i s  ca lcu lated by mul t i p lyi ng the i nst i tut i onal sep t ic  

syste m  export coeffi c ient (Ec is ) ti mes t he # capi ta years for the park . 

# Capita years d .  = capi ta years for shore l i ne ,  non -shore l ine ,  and inst i tuti onal  s ,  n,  an 1 

development 

Capita years s = 1 6 .64 Capita years n = 53 .49 Capita years i = 1 1 .42 
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This tenn accounts for the num ber of peop le potenti a l ly  contribut ing waste to the 

shore l ine and non-shorel i ne septic systems. It  i s  calculated using the fo l lowing equat ion :  

Capita  years = Average number o f  persons per uni t * (Days in  use I 365) * Total number 

of uni ts .  

Seasonal and non-seasonal resi dency was estimated to be 44 and 355  days per 

year,  respe ctive ly  (Hubbard, pe rs . comm. ) .  The mean number of persons per house hold 

was estimated t o  be 2.5 for both shorel ine and non-shore l ine development (Gray, pers . 

comm. ) .  The # c apita yearsi  was cal culated by assumi ng that the average park v isi tor 

stays for 4 hours (one -si xth of a day) and that 25 ,000 people  per year v i s i t  the park 

(Hubbard, pers . comm . ) .  

SR s, n, a nd i = soi l retention constants for shorel ine,  non-shorel ine and i nsti tut ional 

development 

Shorel ine 

ERs = 0 . 80 to  0 .60 

BES = 0 .70 

Non-shorel ine 

ER0 = 0 .90 to  0 .80 

BE0 = 0 .85  

Ins  t i  tu t i  on a l  

ERi = 0 .75  to  0 .30 

B Ei = 0 . 50 

Soi l  retention measures t he abi l i ty of soi l to retain phosphorus ,  preventing 

phosphorus from entering Lake George. S oi l  re tention is measured on a scale of zero to 

one with zero represen ting no re tent ion and one represent ing ful l  retention of phosphorus 

in  the soi l .  S ince shore line soil s genera l ly  have much l ess buffering than non-shore l ine 

soi l s ,  the values for s hore line soi l s  are much l ower.  The export coeffici ents for shore l ine 

and non-shore line soi l  retention were a lso determined based on past CEA T reports 

(BI493 1 997 , 1 999 - 200 1 ) . Because LGRP i s  used i ntensive l y  by peop le and has a 

patchy buffer s trip, t he val ues for insti tutional soi l retention are s light l y  lower than 

shore l ine soi l s .  
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A 111r = area o r  m a t ur for , t d l an d s = 760 . 4 3  ha  

A , = a re a  ) f  t ra n .  i t i  na l  fores t , = 5 5-l .  I ha  

A = are a  o r  rc oen rat i n g  fore t = I . . 1 7  h a  reg '""' ......, 

A m. = a re a  o r  re rt i n g  l an d , = 5 4 . 9  ha  

A w = area  f v  t l an d  = - 7 . 1 6 h a 

As = area  o f  hore l i nc re i de n t i a l  d c l  p m n t  = . h a  

A n = area  o f  n on - horc l i ne re i d  n t i a l  d c v  l opmc nt  = . 9  ha  

A i = area  o f  in  t i t u t i on a l  l a nd = 1 .29 ha  

Aon = area o f  commerc i a l  and mun i  i pa l  l and  = 1 .  9 h a  

Ar = are a  of road = 4 . 1 8  h a  

Aag = area o f  agri c u l t u ra l  I a n d  = 1 7  . 8  h a  

Ac = area of  c l eared l an d s = 7 . 25 h a  
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POND 

The fol l ow ing equation was devel oped to calculate the total  phosphorus entering 

Oaks Pond on an annual  basi s (W) .  The equation i ncorporates land use patterns wi th in  

the  watershed, soi l re tention characteri sti cs ,  population demographics ,  and residential 

development patterns as source s that contribute phosphorus to Oaks Pond. 

W = (Ec
a 

X A) + (Ecmf X Areamf) + (Ec1 X Area1) + (Ecreg X Areareg) + (Ecrev X AreareJ + 

(Ecw X Areaw) + (Ec5 X Area5) + (Ec0 x Area0)  + (Ecr x Area) + (Ec011 x Areacm) + (Ecag x 

Areaag) + (Ecc x Areac) + [(Ec55 x # capita years5 x ( 1  - SRJ) + (Ecns x # capita years0 x ( 1  

- SRi))]  

Eca = export coeffic ient for atmospheric input (kg/ha/yr) 

Estimated R ange (ER) = 0 .04 t o  0 .25 Best Estimate (BE) = 0 .08 

This coeffici ent was modi fied from the coeffic ient used in  studies of l akes in  the 

Belgrade Lakes Region of Maine (Bl493 1 999 - 200 1 ) . It is based on the very low 

amount of indus tri al activ i ty in  the Oaks Pond watersheds . Airborne partic ulate 

phosphorus must trave l  from di stant l ocati ons be fore deposition in Oaks Pond because of 

the absenc e of l oc al point sources .  Thi s decreases overal l atmospheric deposi ti on due to 

di spers ion .  

Ecmr = export coeffic ient  for mature forested land (kg/ha/yr) 

ER = 0 .04 to 0. 1 5  BE = 0 .07 

The export coeffi cient used by the CEAT study of L ake Wesserunsett (Bl493 200 1 )  for 

the fore sted l and was 0 .04 to 0 .20 .  Their coeffi c ient i s  based on t he fair ly equal coverage 

of deci duous and coniferous fore st in the watershed. Dec iduous forests have a 
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h i 0 hc r c , port · )  ffi · i  nt t h a n  - on i r  r u s  ro� s t s  d u  to  t h , a n n u a l  d · a  o f  h l l  n l ea 

m pa r  d to t he l e . · fr q uc n t  l o. c f  n d i  : b ·on i f r u s  t r  c . . Th · o  f i c i c n t  f r 

O a k · Pond i · ba. d n n ar l  q u a I co  rag of  c rn i f r ) L L  and d i d uou. forc :t  in th  

wa tc 1  h cd . 

Ee, = e x port coe ffi c i  n t  f r t ra n  i t i o n a l  l a nd ( k t/h a/ r r  

E R = .06 t 0. 1 B E = . 1 0 

Tra n  i t io n a l  fore t c n t a i n appr  i m at l y  5 I rcc n t  f re t \'C r  o f  m i xed a ged 

trees in addi t i on to h ru , u he , and gr u n d  ov r cg t a l i  n. Th re 1 vc r l i t t le 

transi t iona l  fore t in Oak P n d '  \ a t  r hcd a n d  m t f the f r t i .  uff e r  d y m ature 

forests . The e fa c tors req u i re t h at a l i ,...., h t l  hi gh r p rt c ff i  i e n t  c a  1 gn d t 

trans i t iona l  l and co m pa red t m a t ure fore t 

Ecreg = ex po rt coeffi i en t  f r r gen erat i n g f re t ( kg/ h a/ r 

ER = 0.08 to 0. 20 B E = 0 . 1 2  

The regenerat i ng l and  i n  the Oak Pond \ a ter  hed re pre ent  area  of  fore t s  

growi ng bac k a t  a uni form rate after  be i ng I gged .  M t of the patche of regenera t ing  

forests i n  the  watershed a re a t  an  ear ly  ucce iona l  stage . Th i s  type of land use has an 

export coeffi c i en t  on ly  s l igh t l y  h i gher than for trans i t i onal forests  bec ause a l though t he 

regenerati ng  l and  con tai n s m ore patchy grow th than trans i t iona l  forest l and the s ma l l  

patches o f regenerating l and  are buffered from the lake by mature fores ts . 

Ecrev = export coeffi c ient  for rev ert i ng l ands ( kg/h a/yr) 

ER = 0.08 to 0 .20 BE = 0 . 1 2  

The export coeffi ci en t  for revert ing  land i s  s l i ght l y  greater than for mature fore sts and 

transi t ional forests but equal to t h at of regenera ting l and.  Reverting l ands represent areas 

of old agri cu l tural l and curren t ly  i n  successi on between open fie l ds and forest . The 
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thick shrub and ground cover he lps prevent phosphorus from being exported w ith 

sediment.  

Ecw = export coeffi c i ent for wetlands (kg/ha/yr) 

ER = 0 .03 to 0. 1 5  BE = 0 .05 

The export coeffic ient for wet lands i s  very l ow because wetlands act as a sink for 

phosphorus during the growing season . A l arge area of wetlands ex i sts along t he western 

shore of Oaks Pond and s urrounds Round Pond and Lambe rt Brook, one of the m aj or 

tributarie s  of O aks Pond. The wet lands, espec ia l ly during the growing season, may act as 

a nutri ent fi l te r, prevent "ng the maj ori ty of phosphorus that enters the wetl ands from 

continuing on to Oaks Por d .  The export coeffici ents are simi l ar to those used in past 

CEAT studies i n  the Be lgrade Lakes reg ion (BI493 1 997 - 200 1 ) . 

Ec5 = export coeffic ient for shorel ine development (kg/ha/yr ) 

ER = 0 .50 to 2 .00 BE = 1 .65 

The hi gh vari abi l i ty of buffer strip qual i ty along the Oaks Pond shore l ine resulted 

in  a wide range for this export coeffi c ient .  Unless a suffic ient buffer strip i s  in p lace, 

phosphorus can be depos ited direct ly i nto Oaks Pond due to shore l ine deve lopment . T he 

export coeffic ients for Oaks Pond shore l ine development are s imi l ar to those used i n  

CEAT studies o n  East Pond and Lake Wesserunsett . S i mi l ar to  Oaks Pond, much o f  the 

shore l ine development on East Pond and Lake Wessenmsett was poorly buffe red, very 

c lose to  the water, and bui l t  on s lopi ng lots (BI493 2000, 200 1 ) . 

Ec0 = export c oeffi cient for non-shore l ine development (kg/ha/yr ) 

ER = 0. 1 5  to 0.70 BE = 0.45 

Non-sho re l ine deve lopment i n  Oaks Pond' s watershed usual l y  cannot direct ly  deposit  

phosphorus int o  the l ake, consequent ly ,  a lower export coeffic ient is  assigned 
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t h a n  f ) r  s h or  l i n  d c l opm ' I l l .  s u a l l  :om · h u ff r n t h e n on - s h or l i n 

d l o p m  n t  a n d  a k s  Po n d ,  a ·  t i n g a . ' a s i n k  r n ph os ph o ru . ru n ff. F port c f f i i n t . 

for n n - .  h o r  l i ne d v l op m  n t  \: r a L  o b a  c d  o n  p a  

h o rc l i n e d c l  p m  n t  pa t t  m , ( 8 1 49 3  1 999 - _o I ) .  

Ecr = e x port coe ffi c i e n t  for road ( k g/h a/ r 

ER = 0 . 90 t - . 2 5  B E = l .  5 

A T  r p rt : w i t h , i m i  I ar n n -

T h  e x p  rt oe ff i c i c n t  f r r a w a  rc l a t i  c l  h i g h  due t p f 

c amp road i n  t h e  O a k  P n d  u - w at e 1  hed . P r d i t c h i n g ,  e rm a n d  l ac k  of wa te r 

di vers i on are a fe w of m a n  f ac t or  t h at  l e ad t i n c rc a  cd ph ph ru i n p u t  i n t Oak 

Pon d .  M an y  o f  t he u n pa e d  r ad how i gn f i g n i fi a n t  e ro i n a n d  are b u ffered b 

m i ni m a l  vege t a ti o n .  The e x port e ff i c i e n t  f r r ad i n  t h e Oak P n d  water  hed wa 

a l so based on t he e x port oe ffi c i e nt u se d  i n  t h e Lake We e ru n  e t t  a n d  Ea t Pon d  

watersheds,  wh ich  con tai ned road i n  i m i l a r  c on d i t i o n  . 

Eccrn = e xport c oeffic ient  for c omm e rc i a l  a n d  m u n ic i pa l  l an d  k g/h a/yr 

ER = 0. 1 5  to 0 .  6 5 B E = 0 . 2 5  

T h e  expo11 coe ffic ien t  for commerci a l  l ands re flects the presence of a few 

busi nesse s ,  a church ,  and a s ki s lope found w i t h i n  Oaks Pond s sub-watersheds .  

B usinesses  have a h i ghe r export coe ffic i en t  than non-shore l i ne deve l opment due to 

parking l ots  and other i mpe rvious surfaces .  Impervious surfaces  i ncrease runoff from the 

l and,  i ncreas ing phosphorus l oad ing  i nto t he l ake . T he s ki s lope is  prone to eros i on but i s  

fai rl y buffered from Oaks Pond b y  mature forest  and wet l ands.  
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APPENDIX U. (CONTINUED) 

Ecag = export c oeffi ci ent for agricu l tura l l ands (kg/ha/yr) 

ER = 0 .20 to 0 .65 BE = 0.40 

Agricultural l and inc ludes crops and pastures .  In the Oaks Pond watershed, there 

are re l at ive ly  equal amount s of l and dedicated to c rops and pastures .  The thi ck grass  

cover of  past ures retains phosphorus more effec tive ly  than cropland, wh ich  tends to  l ack 

a stabi l iz ing ground cover .  Dairy farm s produce a l arge a mount of phosphorus ;  one l arge 

diary farm i s  located in the Oaks Pond watershed . One strip  of agricultural l and runs 

adj acent to the south\\i e stem shore of Oaks Pond. The se factors in combination warrant a 

moderatel y  high export coeffic ient .  The export coeffic ients used for agricul tural t ype 

l ands in past CEAT report c;; and in Higgins Lake, Michigan were a l so taken into 

consideration when ass igni ng the export coefficient for Lake George ( Rechkhow and 

Chapra 1 983 ,  and B I493 1 997 - 200 1 ) . 

Ecc = export coeffic ient for c l eared lands (kg/ha/yr) 

ER = 0 .25 to 0 .75  BE = 0.40 

This l and use category contains c lear c uttings ,  se l ection cuttings , and l ogging 

roads . The Oaks Pond watershed has two main patches of c leared l and.  Logged l and i s  

very susceptible t o  erosion,  which i ncrease s t he export coeffic ient for thi s l and use.  One 

smal l  l ogged area i s  located near the res idential area near the northeast s hore l ine of O a ks 

Pond. Th i s  c leared are a i s  not buffered by s igni fi can t amounts of other l and uses that 

could miti gate the pote nti al  phosphorus loading from the c leared l and. Thi s fac tor 

warrants a re lativel y h igh export coeffi cient .  
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AP P E N D I X U .  ( CO N T I N U E D )  

Ee , =  e x po rt · <  ffi c i  n t  for s h or  l i n  . p t i , s s t  m :  ( k o/ 11'1/ r 

R = 0 . 3 0  t c  0 . 90 B = 0 . 70 

The c n d i t i on for pt i c s , t m · a l n g  a k .· Pond s h e r l i n  a r  g n mi l i n  

fa i rl y go d cond i t i on ( G ra  , pc rs .  c m m . ) . T h  d m i n a n t . o i l t p : ar u n d  a k · P n d  

a re m ode rat e  to  ve ry po r for c pt ic . te rn ( S D A  I 7 - ) .  A m aj ri t 

a l o n g  t h  h orc l i nc f O a k  P n d  a re sea  on a l  t h  i r pt i  t e rn  n t ri b u t e  l e  

n u t ri e n t  t h a n  i f  t h e y  were u d c ar r u n d .  H \ e ve r, t h  a rag n u m  e r  f d a  per  

year  a n d  the  a e ra0e num e r  f per n per u n i t  i h i 0h e r  f r h 1 n a l  h u e 

for O a k  Pond t h an for Lake  Geor0e . Th  e fa  t r re  u l t  i n  a m dera t e e po 11 

coeffic ien t  for hore l i ne ep t i c  y t e rn  . The e p rt e ff i  i e n t  we re a l  c h  en ba ed 

on a vari e ty of fac tors t h a t  i n fl ue nced t h e  ra n0e f e ff i  i n t  fr m pa t re p 11 8 1493 

1 997 1 999 - 200 1 ) . 

Ec05 = expo rt coeffi c i en t  for non- hore l i  ne  e pt:i c  

E R  = 0 . 20 t o  0 . 50 B E = 0 . 40 

t ern ( k g/ha/yr 

Non-shore l i ne sept i c  y s te m  are i n  e q ua l l y  poor i I c ndi t ion a hore l i ne 

syste ms but  the i r  di s tance from Oaks Pon d  lower the e x po11 coeffic i en t .  A l l  of the non­

shore l i ne house s  a re year-round and the i r sept i c  systems con t ri bute more phospho rus  than 

those of seasona l  houses. The se pt i c  systems of year round houses tend to be newer and 

more routi ne l y  m ai n ta ined than t he sept i c  systems of seasona l  homes.  T he combi nat ion 

of these fac tors warrant s  that export coe ffic i ent be r e l ative l y  lower t han the shore l i ne 

septic system export coeffi c ie nt .  S i m i l ar non-shore l i ne septic s ystem p arameters were 

used to estab l i s h  a s i mj }ar  range of coe ffi c ient s  for a C EA T study of Lake Wesseru nsett 

i n  200 1 (Bl493 200 1 ) . 
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APPENDIX U. (CONTINUED) 

# Capita years s and " = capita years for shorel ine and non -shore l ine 

Capita years s = 42 .02 Capita years 0 = 2 1 1 . 54 

This term accounts for the number of peop le and the proportion of the year that 

these people a re pote ntial ly con tributi ng waste to shore line or non-shore l ine septic 

systems .  It i s  ca lculated usi ng the fol l ow ing equation :  

Capita years = mean numbe r of  persons per uni t * (Days in  use I 365)  * Tota l  

number of re s identi a l  uni t s .  

Seasonal and non-seasonal resi dency was estimated to  be  60 and 355  days per 

year, respect ive ly  (Dionne , pers . comm. ) .  The average number of pe rsons per househol d 

was esti mated t o  be 3 . 5  for shorel ine seasonal development, 2 .2  for shoreline year round 

development and 2.5 for non-shorel ine year round devel opment (Dionne, pers . comm. ) .  

S R  s and "  = soi l retention const ants for shorel ine and non-shore l ine 

Shore l ine 

ER5 = 0 . 80 to  0 .60 

BES = 0 .70 

Non-shorel ine 

ER0 = 0 .90 to 0 .80 

BE0 = 0 .85  

Soi l  retention measures t he abi l i ty of  soi l to  re tain phosphorus , preventing t he 

phosphorus from entering Oaks Pond. Soi l re tent ion i s  measured on a scale of zero to 

one with zero represen ting no re tent ion and one represent ing ful l  retention of phosphorus 

in  the soi l .  S ince shore l ine soil s genera l ly have much l ess buffering than non-shore l ine 

soi l s ,  the values for shore line soi l s  are l ower. The e xport coeffi cients for shore l ine and 

non-shore l ine soi l retention were also determined based on pas t  CEAT reports  (BI493 

1 997,  1 999 - 200 1 ) . 
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AP P l�N D I X U .  ( O N T I N U E D )  

/\ n.� a s  for La nd L s  · o m pon n t s : 

A � = a r  a o f  O a k s  P nd = _ 7 . _  I h a  

A 111r = area ) f  m a t ure for . t d l a nds = 7 5 5  _ _ _  h a  

A t = a rea  r t ran i t i on a l  for SL = - 9 . 54 ha 

A fl'g = are a f rcge ncrat i n �  f re t = 1 9 . 6 h a  

A rl'\' = area r re e 11 i ng l an d  = 1 9 .4 1 h a  

A w = area o f  v e t  l an d  = � L . 9 2  ha 

As = area  o f  hore l i n c  r i d  n t i a l  dc ve l op m  n t  = l . 9 3  h a  

A n = area  o f  n n - hore l i  n e  re i dc n t i a l dcvc l pm n t  = 5 . _  l ha  

A r = are a  of  road = 9 . 56 h a  

Arn1 = area  o f  commerc i a l  a n d  m u n i  i pa l l and = 34 . 6 h a  

Aag = area o f  agri c u l t ura l l and  = 7 5 . 8 5 h a  

Ac = are a  o f  c l e ared l an d  = 4 . _  7 h a  
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APPENDIX V. PREDICTIONS FOR ANNUAL MASS RATE OF 

PHOSPHORUS INFLOW FOR LAKE GEORGE AND OAKS POND 

The phosphorus loading mode l used by CEAT presents the annual total phosphorus i nput 

as loading per uni t  lake surface area, measured in  kg/ha. The annual total phosphorus 

input was calculated by div iding the surface area (As) of the water body by total 

phosphorus inflow (W) (Reckhow and Chapra 1 983) :  

L = W/As 

L = areal phosphorus loading (kg/ha/yr) 

W = annual mass rate of phosphorus inflow (kg/yr) 

As = surface area of the water body (ha) 

Atmospheri c phosphorus loading  was calculated by di viding total i nflow water volume 

by surface area (A5)  (Reckhow and Chapra 1 983) :  

qs = areal water loading (m/yr) 

Q = total inflow water volume (m
3
/yr) total 
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AP P E N D I X V .  ( O N T I N U E O )  

L O \\ cl l l d  h i g h c s t i m a t  s ( r t o t a l  r h o s p h oru:  con . n t r� 1 t i o n  r "'  t h  n c a l c u l a t  · cJ h 

d i v i d i n g t o t � l l  a t m o : r h  r i , r h  . p h o r u s  I ad i n g h t h  a p p ro i m at i o n o f  t h  r h o. p h o r u s  

. t t l i n g  l oc i t  i n  t h  \ a t ' r  , ) l u m n  ( R  c k h ow and h a pra 1 1  , ) : 

P = LI( I I . 6  + I . 2q J  

P = tota l  p h o  p h o ru , o n e  n t ra t i  n ( K c/m ' 

Lake George 

Con tan t  for I w and h i bh p red i ct i on 

A = l 2 _ , 3 _ 1 . 5 6  m� 

Qt ta l = 7 1 8 8 , 5 3  J . 5 0  m l 

q5 = 5 8 . 7 7  m/ r 

Low Predi c t ion : H igh E t i mate : 

W = 94 . 1 2  kg/yr W = 344 . 60 kg/yr 

L = 0 . 0 7  kg/h a-yr L = 0 . 26 kg/h a- r 

p = 3 . 94 ppb p = 1 4 .4 2  ppb 
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Be t Predi c t ion : 

W = 207 . 8 8  kg/yr 

L = 0 . 1 6  kg/h a-yr 

p = 8 . 70 ppb 
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APPENDIX V. (CONTINUED) 

Oaks Pond 

Constants for low and h igh predictions :  

As = 4 1 ,8 1 6 .66 m2 

Qtotal = 1 2 ,82 8 , 1 99.69 m3 

qs = 306 . 79 mlyr 

Low Predict ion : 

W = 8 5 . 59 kg/yr 

L = 0 .23 kg/ha-yr 

p = 4 .34 ppb 

High Estimate : 

W = 32 1 .30 kg/yr 

L = 0 .86 kg/ha-yr 

p = 1 6 .29 ppb 
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Best Prediction : 

W = 1 79 .7 1 kg/yr 

L = 0.48 kg/ha-yr 

p = 9 . 1 1  ppb 
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