
Colby College: Long Pond North Report 61 

WATERSHED DEVELOPMENT PATTERNS 

ROADS 

Introduction 

The roads in the Long Pond North watershed generally fall into three categories: camp 

roads, state roads, and municipal roads.  The health of these roads is important because they can 

contribute to erosion and runoff.  Camp roads play the largest role in effecting the quality of the 

lake, in part because they are privately owned and maintained, but also because they were not 

built to the same standards as state and municipal roads.  The construction of new state roads 

involves the installation of proper culverts, ditches, and crowning, which directly correlate to the 

quality of the road and its ability to have a lesser impact on its surroundings.  Refer to the 

Background section for a description of each of the above road qualities. 

 An ideal road possesses several qualities including a crown, ditches, turnouts, and also 

diversions and culverts where needed.  A proper crown provides quick drainage of precipitation, 

preventing water from traveling along the road and causing erosion.  The design of the crown 

allows water to flow down the slopes to the side of the road where the ditch, in areas where it is 

required, collects the water.  The ditch follows the side of the road until there is opportunity for a 

turnout, leading the water away from the road into a buffered area.  A well-maintained crown 

and ditch system is absent of berms (collected dirt at the road edge impeding flow off the road) 

and excess sediment in the ditch, and is shaped to successfully carry water away from the road.   

 Culverts are also an important component of a healthy road in instances when water runs 

perpendicular to the road.  Culverts are a healthy way for water to pass under the road and most 

often are plastic, metal or concrete tubes (Figure 11).  These cannot perform properly when they 

are degraded, filled with sediment, or exposed at the road surface (Figure 12).  Diversions are 

critical particularly to roads with steep slopes.  Water bars, french drains, or open culverts (see 

Background) provide an outlet for water to exit the road surface preventing deep channels from 

forming on the road (Figure 13). 
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Figures 11 and 12. The picture on the left is a representation of a good culvert with 
proper drainage and depository pool taken during the road problem survey on 19-Sep-
06. The picture on the right is a representation of a poorly maintained culvert as it is 
filled with debris, has no room for runoff, and no collection pool observed during the 
road problem survey on 19-Sep-06. 

Road maintenance falls under several different laws all contributing to standardized 

management.  The Erosion and Sedimentation Control Law requires that all camp roads eroding 

into a stream or lake must be stabilized by 1-Jul-2010 or sooner if there is significant soil moved 

on a private property, such as with digging (KCSWD 2000).  The Natural Resources Protection 

Act is another law that mandates the quality of camp roads in areas with major movement of soil 

on land that falls within 100 ft of the shoreline (KCSWD 2000).  Under this mandate, a permit is 

required from the DEP to perform any drilling, draining, dredging, or major displacement of 

vegetation, all of which are necessary in road work.  The Mandatory Shoreland Zoning Act also 

has jurisdiction in the regulation of camp roads because it deals with properties within 250 ft of a 

lake.  New camp roads may be required to obtain permits under the Stormwater Management 

Law or the Site Location of Development Law (KCSWD 2000). 

Methods 

To assess the general condition of the roads in the Long Pond North Watershed, CEAT 

sent teams to first perform an overall survey of the roads and then later to determine problem 
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sites along those roads.  On 14-Sep-06 

during the first part of the analysis, teams 

documented the roads and recorded names, 

GPS start and end locations, width, total 

distance, road type, crown height, ditch 

shape, and general health.  The following 

week the teams returned to the field and 

looked specifically for problem areas.  This 

portion of the fieldwork required that teams 

record the GPS problem location, problem 

type, and the most feasible remedy.  Roads 

were classified into overall categories 

including Poor, Fair, Acceptable, and Good.  

This determination was an on-site evaluation 

of the road, based on the conditions 

described above, and was subjected to the 

interpretation of each survey team.  The 

survey form can be found in Appendix G. 

 

Results and Discussion 

Analysis of the data indicated a total of 49 roads found in the watershed.  There were 13 

state roads, 35 camp roads, and one road labeled as other, namely Club House Drive leading to 

the Belgrade Lakes Golf Club.  It was decided that grouping municipal and state roads would be 

more descriptive when analyzing the data.  There is a total area of 70.13 acres (28 ha) of roads in 

the watershed.  Of that total, 25.22 acres (10.21 ha) are camp roads and 44.91 acres (18 ha) are 

state roads.  State roads are in overall better condition than camp roads (Figure 14).  A 

classification of the state roads by area revealed that 2.43 percent were labeled as Poor, none as 

Fair, 5.56 percent as Acceptable, and 92.01 percent as Good.  This indicates that the overall 

health of state roads is Good.  Camp roads, though the majority of roads are classified as Good, 

display greater room for improvement with 5.24 percent labeled as Poor, 20.33 percent as Fair, 

20.76 percent as Acceptable, and 53.68 percent as Good.  

 

Figure 13.  A diversion of some type and a 
ditch to carry water away from the road are 
needed to stop the erosion that has already 
occurred in the image taken during the road 
problem survey on 19-Sep-06. 
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Figure 14. Road Area of state and camp roads by Quality and Type. The distribution of
road quality categories described by area found in the watershed using data gathered by
CEAT on 19-Sep-06 in the Long Pond North watershed.  

Overall, camp roads falling within the Good category make up only half of the total road 

area, whereas state roads were comprise close to 90 percent of the total road area.  There is far 

more room for improvement among camp roads in comparison to state roads.  There are problem 

areas around the lake, notably in some of the housing developments on the western side (Figure 

15).  General characteristics of camp roads and their maintenance make problems much more 

difficult to alleviate from an organizational standpoint.  There are challenges in place when 

dealing with private ownership or with road associations in order to organize a collaborative 

effort to improve road conditions.  

ROAD PROBLEMS 

Specific problems that were found during the road problem survey requiring attention are 

listed below.  Figure 16 displays the location of the problems listed. 
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1 Estates 

Problem(s): Berms exist on both sides of the road, the ditch is too shallow to handle 

water flow, there is no drainage area for the water coming out of the ditches, and the 

culvert is filled with sediment. 

Remediation: Grade the road to remove the berms, reshape ditch to make it deeper, install 

turnouts to pull water away from the road and into drainage areas and clear culvert of 

sediment and debris. 

Ash Estates 

 Problem(s): Road has tire ruts and overall poor drainage. 

Remediation: Grade the road to remove ruts and install proper crown to remove water 

from the road area. 

Aspen Estates 

Problem(s): The ditch on the left side of the road is too shallow and there are potholes 

present in the road. 

Remediation: Reshape the ditch for depth, grade the road to remove potholes, and mix 

soil sediment size. 

Augusta Road 

 Problem(s): One of the culverts drains directly into the lake. 

Remediation: Install a diversion into a buffered drainage area so water does not directly 

drain into the lake. 

Balsam Road 

 Problem(s): There are potholes in the road indicating erosion and standing water. 

 Remediation: Grade the road and install a proper crown. 

Barber and Quaglia 

Problem(s): There are berms present along the road, preventing the removal of water. 

Remediation: Grade the road, install a proper crown, and create turnouts for water to be 

directed into a drainage area. 

Beaver Brook 

Problem(s): There is no ditch on the north side of the road, there is erosion above the 

culvert, and there are areas where water is flowing across the road. 
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Remediation: Install a ditch to remove water from the road, replace existing culvert so it 

is of proper size and sufficiently covered by the road, and install culverts where the water 

is flowing over the road. 

Birch Estates 

Problem(s): There are several pot-holes present, and places where the road has eroded 

and culverts are not covered by sufficient road surface. 

Remediation: Grade road to fill in potholes and add road materials to areas where culverts 

are exposed so they are sufficiently covered. 

Birch Lane 

Problem(s): Water is not being removed from the road properly and the edges of the road 

edges are being washed away. 

Remediation: Proper ditches need to be installed with diversions and turnouts to redirect 

water away from the road and into drainage areas. 

Blackberry Estates 

 Problem(s): There is water washing over the road. 

 Remediation: Install a culvert to safely divert the water under the road. 

Blueberry Hill 

Problem(s): There is little ditching along the sides of the road and there are berms 

preventing water from running off the road. 

Remediation: Install proper ditches along the roadsides with sufficient turnouts, and 

grade road to remove berms. 

Castle Island Camp 

 Problem(s): There is asphalt that is eroding into the South Basin. 

 Remediation: Plant vegetation to slow soil erosion. 

Castle Island Road 

 Problem(s): There is water running off the bridge into the lake. 

Remediation: Plant vegetation to slow runoff and possibly create diversions to pull water 

into buffered drainage areas. 

Colonel Bogart’s Lane 

Problem(s): There are berms present along the side of the road and ditches run straight 

downhill towards the lake. 
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Remediation: Grade the road to remove the berms and install turnouts to divert water into 

buffered areas. 

Fawn Point 

Problem(s): There is water running down the road directly into the lake.  Ditches and 

culverts are filled with sediment and debris. 

Remediation: Install diversions to redirect water off the road and clear the ditches and 

culverts of sediment and debris. 

Fir Estates 

 Problem(s): There is evidence of standing water on the road surface. 

Remediation: Grade the road to install a proper crown and create sufficient ditching along 

the road. 

Granite Estates  

Problem(s): There are berms present along the road, the ditches are filled with debris, and 

there is evidence of water running across the road. 

Remediation: Grade the road to remove berms, clear the ditches of sediment and debris, 

and install culverts where there is evidence of water running across the road. 

Hemlock Estates 

Problem(s): The road is not properly crowned, there is no ditch on one side of the road, 

and there are berms on the other side of the road.  The culverts are also exposed and filled 

with sediment and debris. 

Remediation: Grade the road to remove berms and install a proper crown.  Also, cover 

culverts with road material so they are not exposed and clear them of sediment and 

debris. 

Jorgenson Estates 

Problem(s): The culvert is filled in with sediment and there is evidence of erosion from 

standing water on the road.  Parts of the road indicate water flowing over the road 

surface. 

Remediation: Grade the road to create a proper crown, install culverts where water is 

passing over the road and remove sediment and debris from existing culverts. 
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Juniper Circle  

Problem(s): There are berms on both sides of the road and there are ruts from channeled 

water during strong storms. 

Remediation: Grade the road to remove berms, improve crown, and install diversions on 

the steep part of the road to redirect water into drainage areas away from the road. 

Lakeshore Drive  

 Problem(s): The culvert is completely filled in with sediment and debris. 

 Remediation: Clear culvert of sediment and debris. 

Long Lake Lane 

 Problem(s): There is evidence of improper drainage on the road surface. 

 Remediation: Grade the road to install a proper crown. 

Long Pond Drive 

Problem(s): Road is very close to the lake and water can drain directly into the lake from 

the road. 

Remediation: Ditches must be installed with proper turnouts to divert water into buffered 

drainage area. 

Long Pond Estates 

Problem(s): There are several culverts that are too close to the surface of the road. 

Remediation: Cover the culverts with road materials to sufficiently cover the top of the 

culverts. 

Low’s Drive 

 Problem(s): There are tire ruts present in the road. 

 Remediation: Grade the road to remove the ruts and install a proper crown. 

Lynch Cove 

 Problem(s): There is a paved driveway that drains directly into the lake. 

Remediation: Diversions need to be installed to remove water from the driveway before it 

directly enters the lake. 

Mountain Road 

Problem(s): The steep part of the road has water channels running down the middle of 

the road, and the culvert at the top of the road is filled with sediment. 
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Remediation: Install diversions to remove water from the road surface and clear the 

culverts of sediment and debris. 

North Peninsula Drive 

Problem(s): There are berms on either side of the dirt section of the road, the steep part of 

the road has channels indicating erosion, and the end of the road is very close to the lake. 

Remediation: Grade the road to remove the berms, install diversions to remove water 

from the surface of the steep part of the road, and install a diversion where the road is 

close to the lake so it does not drain directly into it. 

Poplar Estates 

 Problem(s): There are berms on either side of the road. 

 Remediation: Grade the road to remove berms so water can exit the road surface. 

Raspberry Estates 

Problem(s): The road shows signs of erosion due to improper drainage, and culverts are 

clogged with sediment and debris. 

Remediation: Grade the road to install a proper crown on the road and clear the culverts 

of sediment and debris. 

Spruce Estates 

Problem(s): The road is steep in some areas and channels are present, the road contains 

ruts, and the road sides are eroding into the ditch. 

Remediation: Install diversions in the steep part of the road, grade the road to remove 

ruts, create a proper crown, and reshape ditches to carry water along the road side with 

turnouts into surrounding vegetation. 

Tracy Cove 

Problem(s): There are berms on the side of the road and the culverts are rusting and filled 

with debris.  

Remediation: Grade the road to remove berms, install new culverts where there is 

excessive rusting, and clear culverts of sediment and debris. 

Wildflower Estates 

 Problem(s): There is a significant amount of soil erosion on the road. 

Remediation: Grade the road to create a proper crown and install ditches to move water 

away from the road. 
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Wildwood Estates 

Problem(s): There is erosion on the road, ditches are not present or are improperly 

formed, and culverts are clogged. 

Remediation: Grade the road to create a crown, install ditches, and clear culverts of 

sediment and debris. 

 

RESIDENTIAL SURVEY 

House Count 

Introduction 

 CEAT completed a residential survey to determine the impact of development on the 

water quality of Long Pond North, specifically in the sensitive shoreline regions. Development 

affects the watershed by clearing land and contributing nutrients to the water through wastewater 

disposal systems and fertilizer runoff, while roads and paved surfaces increase runoff and change 

the drainage pattern. Houses located on the shoreline have a more significant impact on water 

quality than non-shoreline houses, due to their proximity to the lake. Whether a house is used 

seasonally or year-round influences the phosphorus loading from septic systems and household 

use. Year-round residences have a larger impact than those that are seasonal because the septic 

system is used continuously, rather than for one season. However, seasonal residences affect the 

watershed during the summer months, when the lake is most sensitive to problems like algal 

blooms. 

Methods 

The non-shoreline residences were counted during the road survey completed 14-Sep-

2006. CEAT members cataloged the number of houses 250 ft or more from the waterline by 

driving each road in the watershed (see Appendix G. Road Survey Form). Shoreline houses, 

which are difficult to count accurately from the road, were counted by boat during the buffer 

strip survey completed 18-Sep-2006 (Appendix I. Buffer Survey Form). All houses were 

classified as seasonal or year-round based on general characteristics. 

Distinguishing between seasonal and year-round houses is increasingly difficult, as more 

modern seasonal houses are built and updated to resemble year-round homes in size and 

amenities such as fireplaces and furnaces. For the purpose of consistent identification, houses 
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with a permanent foundation, a heat source such as a woodpile or an oil tank, and a paved 

driveway were considered year-round residences. Some recent seasonal residences were likely to 

be mislabeled as year-round, as they are built with more amenities. While these criteria are not 

absolute, they do provide a structure for later calculations that help establish the impact of 

development on water quality. 

Results and Discussion 

In the Long Pond North watershed, CEAT counted a total of 479 residences (Table 7).  

Two hundred sixty seven (55.7 percent) 

of the residences counted are located in 

the high impact shoreline area. The 

shoreline residences include 137 (51.3 

percent) seasonal and 130 (48.7 

percent) year-round houses. There are 

212 (44.3 percent) non-shoreline 

residences, divided into 56 (26.4 percent) seasonal and 156 (73.6 percent) year-round homes. Of 

the total residences counted, 193 (40.3 percent) are seasonal and 286 (59.7 percent) are year-

round. Other building types include commercial camps and shops, but these represent a small 

fraction of the land use within the watershed. 

The greatest impact on water quality is derived from shoreline houses, which represented 

56 percent of the total residences. Shoreline residences were evenly distributed between seasonal 

and year-round usage, which indicates higher phosphorus loading from septic systems 

throughout the year as compared to locations with heavily seasonal populations. Additionally, 

development trends show that many owners are updating their seasonal houses to support year-

round use (Keschl, pers. comm.). This construction has two opposing effects. Updating a house 

for year-round use subjects it to new legislation, reducing impact on the lake. Simultaneously, 

year-round use increases phosphorus amounts entering the lake. The net effect of the conversion 

from existing seasonal to year-round residences increases the impact of the structures. 

Table 7. House count data for Long Pond North, 
gathered by shoreline survey 19-Sep-06 and road 
survey 14-Sep-06. 

Location Seasonal Year Round Total 

Shoreline 137 130 267 

Non-shoreline 56 156 212 

Total 193 286 479 
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Shoreline residences are fairly evenly spaced along the developed waterline of the lake, 

however there are several undeveloped areas along the perimeter. The houses are spaced at a 

density of 17.5 houses per shoreline mile along the 15.29 mi perimeter of Long Pond North.  

This residential density is similar to other local lakes (Table 8), but is artificially lowered in 

Long Pond North by the presence of some wooded areas and no visible development along 

substantial stretches of shoreline. Removing 

these undeveloped areas from the perimeter 

increases the houses per shoreline mile value 

to 26.6, indicating high development density 

in many areas along the shoreline. 

Non-shoreline houses represent 44.3 

percent of the residences in the Long Pond 

North watershed. The majority are year-

round houses (73.6 percent). The phosphorus 

loading from these houses will depend 

heavily on the soil type and other septic 

suitability factors. As a growing population places developmental pressure on the watershed, 

more of the presently seasonal houses will be modified for year-round residents. Seasonal to 

year-round conversion will occur particularly in the non-shoreline watershed, where year-round 

homes are more prevalent and in higher economic demand (Keschl, pers. comm.). 

 

Buffer Strips 

Introduction 

 Buildings near the shore have a significant impact on water quality. Cleared vegetation, 

exposed soil, impervious surfaces, and loss of canopy all contribute to increased erosion, 

sedimentation, and nutrient runoff into a lake. The Maine Department of Environmental 

Protection (Maine DEP) describes adequate vegetative buffers as the best management practice 

for protecting water quality from these sources of degradation (MDEP 2003c). An adequate 

buffer removes up to 95 percent of sediment and 60 percent of excess nutrients in runoff (Dreher 

and Murphy 1996). This protects the lake from the immediate impact of residential regions and 

Table 8. Residential density, shown in 
houses per shoreline mile, for selected 
Maine lakes (CEAT 2003, 2004, 2005, 2006). 

Lake Residential 
Density 

Webber Pond 16.6 

East Basin of China Lake 30.2 

Threemile Pond 20.5 

Togus Pond  17.9 

Long Pond North 17.5 

Only the developed areas 26.6 
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from non-point sources like roads. Buffers also preserve privacy, provide natural habitat, and 

shelter properties from severe weather (MDEP 2003c). 

An adequate buffer covers at least 75 percent of the shoreline, going back from the 

waterline as far as possible. More vegetation between a house or road and the shoreline offers 

more filtration, and an ideal lot has 65 ft of dense natural vegetation between any clearing and 

the lake. Since steep slopes are more susceptible to erosion, they require more buffer depth 

(MDEP 1998). The best buffers contain a mix of ground cover, shrubs, and canopy species and 

consist mostly of native vegetation (MDEP 2003c). The buffer should have a layer of organic 

matter on the ground and a consistent canopy to disperse precipitation, thus protecting the soil 

from erosion (MDEP 1998). Native species are preferred because they require less maintenance, 

and extend the natural habitat (Figure 17). Finally, the shoreline should be protected with riprap, 

which attenuates the impact of water against the shore, preventing water from gradually eroding 

soil. 

   

Figure 17. Buffer examples. Photo on left shows a good, adequate buffer. The house is set 
back from the water, vegetation includes shrub and canopy species, shoreline is protected 
with riprap. Photo on right shows a poor buffer, with open canopy, mowed grass, a straight 
path to the water, and little protective vegetation. 
 

Methods 

 CEAT categorized each property’s buffer condition during a shoreline survey conducted 

by boat on 18-Sep-2006. Residences were evaluated for approximate lot width along the 

shoreline, percentage of shoreline covered with buffer, composition of buffer, and depth from the 

shoreline. Additionally, slope of the property toward the water and need for riprap were both 



Colby College: Long Pond North Report 76 

considered. The data were recorded in categories based on a numerical value for each 

characteristic (Appendix I). Each residence was identified as seasonal or year-round and marked 

by a GPS location for use in mapping software. Areas possessing no visible shoreline 

development were recorded as wooded areas and GPS locations were taken to mark the start and 

end of each undeveloped shoreline strip. 

 The data were analyzed by establishing a buffer quality value for each property. The 

buffer depth and percentage shoreline covered were deemed most significant to the buffer’s 

effectiveness and were each assigned an importance value of 35 percent. The slope, which 

affects contact time, was assigned an importance value of 20 percent. Buffer composition, which 

is the sum of the value for trees and shrubs, comprised the remaining 10 percent of the weighted 

sum. The total scores were between 0 and 5, with 5 being the best possible buffer score. All 

properties with a buffer quality between 0 and 1 were labeled Poor, 1.01 to 2 were labeled Fair, 

2.01 to 3 were labeled Acceptable, 3.01 to 4 were labeled Good, and buffer qualities above 4 

were labeled Excellent. These buffer ratings were used to describe the condition of buffers along 

the shoreline. 

Results and Discussion  

A total of 283 properties were surveyed, including 267 shoreline residences and 16 

commercial properties. Of these properties, 101 (35 percent) are in Excellent condition, 111 (39 

percent) are Good, 48 (17 percent) are Acceptable, 21 (7 percent) are Fair and 5 (2 percent) are 

classified as Poor (Figure 18). The shoreline lot width determines the proportion of Long Pond 

North’s perimeter fit into each buffer category. For this reason, the buffer quality of larger 

properties is more significant than buffers found on smaller shoreline lots. The distribution of 

buffer quality categories by shoreline distance indicates this impact (Figure 19). The largest 

properties have a good general buffer rating, however lots with 120 ft to 180 ft of shoreline have 

mostly Good buffers and could be improved. Additionally, all of the Poor quality buffers and 

most of the Fair buffers are found in lots with 60 ft or less of shoreline. These properties become 

more significant when considering their prevalence. Properties with 60 ft or less of shoreline 

compose the largest group (42 percent) of properties, and therefore should be a priority for 

improvement. Several poor quality buffers are located in the Castle Island camps in the 

southernmost portion of Long Pond North, near where the North basin drains into the South 

basin. 
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 The properties were color 

coded by buffer quality and 

mapped in GIS (Figure 20). 

Adequate buffers were given 

smaller points indicating the 

properties’ reduced impact on 

the watershed, and properties 

with a more harmful effect on 

water quality were displayed as 

larger points. 
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Figure 19. The distribution of properties along the shoreline of Long Pond North in
buffer quality categories by lot size. Larger lots have an increased impact on water
quality.
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Figure 18. The percentage of properties along the 
shoreline of Long Pond North, displayed by buffer 
quality category, from data collected 18-Sep-06. 
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Figure 20. Shoreline residences and forested shoreline on Long Pond North, color-coded by 
buffer quality. Data from surveys completed on 18-Sep-06. 
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Subsurface Disposal Systems 

Introduction 

 There are three primary types of subsurface wastewater disposal systems, and all three 

are found in the Long Pond North watershed. The most common wastewater system is a septic 

system, in which all wastewater from the house is deposited in a tank. Here effluvia settles and is 

processed by bacteria. The processed water flows out to a leach field where it is gradually 

released back into the ground through perforated pipes (see Background: Subsurface Wastewater 

Disposal Systems). Another type of wastewater disposal system is a holding tank, where waste 

flows into a solid tank, typically underground, that must be emptied regularly by pumping. The 

last primary type of wastewater disposal is a pit privy, or outhouse. A pit privy consists of a deep 

hole where waste is deposited and decomposes. All of these wastewater systems are maintained 

by the owners of the property, but are regulated by local government and state policies (MDEP 

2003b). 

 Septic tanks and holding tanks both adversely affect the environment when improperly 

maintained. To prevent this, holding tanks must be pumped regularly. When properly maintained 

holding tanks have minimal direct environmental impact, because all waste is removed to a 

separate location for processing. Because the tanks do not process the waste, but are simply 

reservoirs, they must be checked for leaks or external damage, which could release effluent into 

the groundwater. Septic tanks are a more common choice for year-round or frequent use, since 

they need to be pumped and cleaned only once every 3 to 5 years to remove solid waste 

undigested by bacteria in the system. If a septic system is not pumped and maintained 

appropriately, then wastewater does not have sufficient time to settle before being released 

through the leach field and into the ground. Improperly functioning septic tanks can pollute the 

watershed similarly to leaking holding tanks, and this is particularly harmful near the shoreline. 

Properly functioning septic systems still increase the amount of nutrients flowing into the lake, 

though if septic systems are well maintained they have little adverse effect on water quality 

(MDEP 2003d). Septic systems are designed to release processed water for absorption into the 

groundwater. Wastewater is particularly high in phosphorus and nitrogen, and systems located 

near the shoreline have less soil and plant material through which the wastewater can filter 

before entering the lake. Shoreline zoning mandates a setback for septic systems, but very porous 
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soils and inadequate vegetative buffers allow nutrient-rich water to enter the lake from even 

perfectly maintained septic systems (MDEP 1998, MDEP 2003d). 

Methods 

 The impact of wastewater disposal systems on the water quality of Long Pond North was 

examined in terms of number of houses, density of development along the shoreline, and 

condition of the septic systems in the watershed. The Long Pond North watershed and shoreline 

is located within the townships of Belgrade and Rome. Rome encompasses most of the shoreline. 

The code enforcement officers (CEOs) from both towns are responsible for all subsurface 

wastewater disposal and plumbing systems. The CEOs were able to generalize the overall 

condition of septic systems in the watershed. The town managers for both Rome and Belgrade 

were consulted for information about shoreline development trends. These interviews served as 

the basis for establishing septic impact on the watershed. 

Results and Discussion 

 Shoreline residences are dispersed over a shoreline of 15.29 mi, which yields a total 

residential density of 17.5 houses per shoreline mile. The low shoreline residential density 

suggests that external phosphorus loading from septic systems will not be as significant a 

contributor to Long Pond North water quality, as compared to other lakes in the area. However, 

there are many undeveloped lots in the watershed that are surveyed and approved by the Rome 

planning board, and if development occurs in those existing lots, residential density will increase 

dramatically and associated phosphorus loading will significantly damage water quality 

(Najpauer, pers. comm.). 

 Shoreline zoning mandates that whenever a wastewater disposal system fails, it must be 

replaced and updated using the best management practices, which includes a setback from the 

shoreline to reduce the immediacy of nutrient loading. Typically, these systems are designed to 

last 20 or 30 years before the ground filtering capacity is compromised, but they may not 

mechanically fail until after their filtering efficacy has been diminished. Many residences 

installed updated septic systems as part of new construction, but the existing wastewater disposal 

practices still vary anywhere from pit privies to holding tanks and septic systems (Fuller, pers. 

comm.). Presently, there is no legislative pressure to standardize the quality of systems in the 

watershed. Fortunately, the general condition of the septic systems within the watershed is good. 
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Wastewater is adequately processed or removed and new septic systems are following the 

guidelines for environmentally safer installation and utilization (Fuller, pers. comm.). 

The Long Pond North watershed is relatively healthy, as evidenced by its current water 

quality. This trend suggests that Long Pond North will not need to engage in aggressive water 

improvement methods, such as the septic system remediation program employed by towns on 

China Lake, as long as the watershed maintains a low residential density and no large-scale 

developments significantly increase the phosphorus loading. The rising number of year-round 

residences on the lake, mostly from converting existing seasonal homes, indicates a development 

trend that could continue to increase pressure on the Long Pond North watershed and may result 

in deteriorating water quality (Keschl, pers. comm.). 

 

Septic Suitability Model 

Introduction 

 The best way to process septic system effluent is to allow it to slowly leach through 

appropriate soils. Soil texture and the underlying bedrock both play a role in filtering and 

processing. Coarse soil, such as sand, drains quickly and does not allow sufficient time for the 

appropriate biological processing to occur. If the soil is fine, such as clay, it will be almost 

impermeable and the effluent will run off rather than percolate in and it will not be broken down. 

Depth to bedrock, water table depth, and the overall likeliness of flooding are also important to 

consider. If the bedrock is shallow and the water table is high, then the effluent will reach the 

lake faster.  

 Slope is the other main factor in determining if an area is suitable for a septic system. 

High slopes encourage erosion and runoff, both of which lead to effluent rich soil deposition in 

the lake.  As a general rule, septic systems should not be developed on slopes greater than 20 

percent (KCSWCD 1990). 

 To construct a model for Long Pond North showing areas suitable for septic system 

installation, slope and soil type were combined into a model that weighted both attributes. It is 

important to note that this model does not account for remediation such as importing better soil, 

or grading down the slope. The results report only the suitability of a site in its present state, 

without modifications. 
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Methods 

 The soil type map was obtained from the Maine Office of GIS (Figure 21). The resolution 

of the layer is 10 m by 10 m and includes over 20 soil types. The Kennebec County Soil and 

Water Conservation District has linked soil types to a relative index of potential for septic 

construction using Very High, High, Medium, Low, and Very Low as labels (KCSWCD 1990). 

These categories were assigned respective values of 9, 7, 5, 3, and 1. The indices assigned by 

KCSWCD took into account permeability, average depth to bedrock, erodibility, nutrient holding 

capacity, and slope classes. Because the slope classes used on the soils map were classified in 

wide ranges in comparison to slope data available from the MEGIS, only the septic potential 

ratings for 0 percent slope were used. For example, if a parcel of “Lyman Loam, 8-15 percent” 

was in question, the value assigned would be the index given for “Lyman Loam, 0 percent”. This 

allowed more precise slope data to be integrated into the map. The soil index contributed 50 

percent of the weighted model. 

 Slope was obtained from a Digital Elevation Model (DEM) of the watershed from Maine 

Office of GIS. The DEM is a raster of 10 m by 10 m cells with elevation data. ArcGIS converted 

that to an identically sized raster displaying slope values. The slopes, possessing values ranging 

from 0 to 45 percent, were converted into an index of 1 to 9. Cost of construction increases from 

a base cost at 0 to 3 percent slope, and continues to rise until eventually construction becomes 

restricted at 30 percent slope. 

Results and Discussion 

 By combining the indexed soil and slope data, CEAT was able to create a septic 

suitability model for Long Pond North’s watershed (Figure 22). This map displays a value of 1 to 

9 for every 10 m by 10 m plot of land in the Long Pond North watershed. Most of the watershed 

is ranked in the 4 to 7 range. A score of seven was assigned to areas most suitable for septic 

systems, even though an area could theoretically score a 9. Areas with values of 1 to 3 have a 

combination of soils and slopes that make poor sites for septic systems. Areas in the 5 to 7 range 

are ideal sites to install new systems. Areas in the middle ranges could house septic systems, but 

only with remediation such as amending the soil or leveling out a steep area. It is important to 

note that although some houses may appear to be on land that is “low,” they may have taken 

steps to remediate their situation. Existing septic systems in areas without remediation that 
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appear unsuitable may require close monitoring to ensure no effluent is flowing into the lake, 

directly or indirectly.  

 

EROSION POTENTIAL MODEL 

Introduction 

 Soil erosion occurs when soil particles are transported away from their original location 

by water running over the surface of the land.  Exposed soil is easily washed away, and some 

erosion hotspots include construction sites, road banks or ditches, and dirt paths. Erosion leads to 

sedimentation and nutrient loading in lake systems, both of which can adversely affect the water 

quality of Long Pond North. Sedimentation occurs when eroded soil is deposited and 

accumulates elsewhere. This causes problems by reducing the capacity of streams and drainage 

ditches, thereby increasing the risk of flooding. Nutrient loading refers to the introduction of 

nutrients such as phosphorus and nitrogen to a water body. Because soils contain naturally 

occurring nutrients, as well as possible residue from fertilizers, erosion contributes to nutrient 

loading (see Background: Nutrient Loading). The nutrients deposited in Long Pond North 

through soil erosion may prove damaging to water quality by promoting undesirable algal 

growth. In addition, eroded soil may contain traces of herbicides and pesticides, which could 

harm many aquatic species inhabiting Long Pond North. 

 There are three main factors that contribute to the susceptibility of any particular region 

to soil erosion: soil type, slope, and land use. By examining these factors, a model can be 

developed to predict which parts of the Long Pond North watershed have the greatest erosion 

potential.  

 The most important factor affecting erosion potential is soil type. Soil characteristics such 

as texture, cohesiveness, infiltration capacity, and organic content all contribute to how easily a 

particular soil type may be eroded (Morgan 2005). Silty soils erode very easily as a result of their 

small particle sizes, whereas soils with a high percentage of clay and organic matter are more 

resistant to erosion because they form stable aggregates. (Morgan 2005).   

 Slope is also an important determinant of erosion potential. If a slope is particularly steep, 

water will not have enough time to percolate into the soil, and some will instead flow downhill, 

carrying soil particles with it. As the water flows downhill it gains velocity, and gravity assists in 
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pulling both water and soil downward along the slope. In flat areas, there is less movement of 

water and consequently less erosion. 

 Land use can also affect the erosion potential of an area. In many agricultural areas, soil 

is loosened by plowing and left bare during certain times of the year, making it highly erodible. 

In a mature forest, however, soil is held in place by the complex root systems of the trees and 

shrubs, which also help to absorb excess water. Forested areas with well established vegetation 

cover will thus have very little erosion (see Background: Land-Use Types). 

 

Methods 

Soils 

To determine the locations of the soil types occurring within the Long Pond North watershed, a 

soil type layer was downloaded from the Maine Office of GIS for use in ArcGIS® 9.1 (Figure 

21). The erosion potential factor (k-factor) for each soil type was obtained from Web Soil 

Survey, an online resource published by the National Resources Conservation Service (NRCS). 

The k-factor provides an indication of the susceptibility of each soil type to sheet and rill erosion, 

and is determined primarily by the relative percentages of sand, silt, and organic matter in the 

soil, as well as by the soil structure (NRCS 2006). K-factor values range from 0 (low 

susceptibility to erosion) to 0.69 (high susceptibility to erosion) (NRCS 2006). In the Long Pond 

North watershed, the soil types are all closely related and have similar k-factors, only ranging 

from 0 to 0.28. 

 To make these values easier to interpret and use in the erosion potential model, the k-

factors were converted from a range of 0 to 0.69 to a range of 1 to 9 using the following formula: 

Soil Erosion Potential Rating = 11.6 x k + 1 

Multiplying the k-factor by 11.6 converts the k-factor values to a scale of 0 to 8, and adding 1 

shifts the scale to 1 to 9. On this scale, the lowest erosion potential rating in the Long Pond North 

watershed is 1, and the highest is 4.25. The erosion potential rating for each soil type was added 

to the attribute table of the soil type map in ArcGIS®.  

Slope 

 Slope data for the Long Pond North watershed was obtained by downloading a Digital 

Elevation Model (DEM) from the Maine Office of GIS. The DEM consists of a grid of 10 m x10 

m squares, each of which has a specific value for elevation. These values were converted into 
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slope values using the Spatial Analyst™ software in ArcGIS®. In the Long Pond North 

watershed, the slope values range from 0 to 45.3 percent. These slope values were reclassified in 

ArcGIS® to erosion potential ratings ranging from 1 to 9, with each number representing 1/9th of 

the total slope range in the watershed.  

Land Use 

 A land-use coverage for the Long Pond North watershed was obtained from the Land-

Use team (see Land Use: Methods). Each land-use type was assigned an erosion potential rating 

on a scale of 0 (low potential) to 9 (high potential) (Table 9). These numbers were determined by 

considering potential disturbances to the soil and factors that might attenuate runoff.  

Wetlands were assigned an erosion 

potential rating of 0. In a healthy wetland, a 

diverse array of plant species retards water 

flow, allowing sediments to settle to the 

bottom. Wetlands thus serve as sediment 

sinks, and reduce rather than contribute to the 

erosion problem. 

Mature forests were given an erosion 

potential rating of 1. In a forest, both the 

canopy and understory vegetation shield soil 

from the impact of rainfall, which can 

dislodge soil particles. The complex root 

systems of trees and shrubs further reduce 

erosion by stabilizing soil and absorbing 

excess water.  

 Commercial land was given an 

erosion potential rating of 2, because such areas are generally heavily paved and thus have very 

little soil that can be eroded, although surface sediment is easily carried away.  

 Regenerating land received an erosion potential rating of 3, because although it lacks the 

dense vegetation cover or complex root systems of a mature forest, there is still enough 

vegetation that the risk of erosion is minimal. 

Table 9. Erosion Potential ratings assigned 
to each of the land-use types found in the 
Long Pond North watershed. Values of 0 
and 9 represent with very low and very high 
risks of erosion, respectively. These values 
were incorporated into the GIS model as 30 
percent of the total erosion potential. 

Land-Use 
Category 

Erosion Potential 
Rating 

Wetland 0 

Mature Forest 1 

Commercial 2 

Regenerating Land 3 

Golf Course 5 

Park 6 

Cleared Land 7 

Agriculture 8 

Residential 9 
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Golf courses were rated 5, because the densely planted grass does help stabilize the soil, 

but there is nothing to slow the fall of rain, and its impact may dislodge soil particles that can 

then be eroded.  

Parks were assigned an erosion potential rating of 6 because they often contain exposed 

soil along dirt paths and open areas with nothing to break the fall of rain.   

Cleared land was assigned an erosion potential rating of 7 because it has limited 

vegetation to stabilize the soil, which has often been loosened by recent disturbances.  

Agricultural land received an erosion potential rating of 8, because grazing and trampling 

by livestock disturb the soil and facilitate erosion. Also, there is seldom canopy cover to 

attenuate rainfall and only the limited root systems of grass or crops to stabilize soil. 

Residential land is even more susceptible to erosion, earning it a 9, the highest erosion 

potential rating. Residential areas frequently contain cleared land and thinned vegetation, as well 

as dirt paths and driveways that can act as channels for runoff and are very easily eroded. 

Weighted Overlay 

 Because soil type is the most important determinant of erosion potential (Morgan 2005), 

the erosion potential scores were weighted more heavily than slope and land use. In the final 

weighted overlay, soil type was weighted as 40 percent, and slope and land use were both 

weighted as 30 percent (Figure 23). The erosion potential map was created by adding the 

weighted soil type, slope, and land use erosion potential ratings in each 1 m x 1 m grid cell. The 

new map shows the erosion potential of each area in the Long Pond North watershed on a scale 

of 1 (low erosion potential) to 6 (high erosion potential). 
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Figure 23. Inputs contributing to the erosion potential model and their relative weights. 
The three input maps were converted to raster maps in which each 1 m grid cell has an 
associated erosion potential rating. These values were combined using the weighted overlay 
function in ArcGIS ® 9.1 to determine the erosion potential for the Long Pond North 
watershed. 
 

Results and Discussion 

 By combining the erosion potential ratings for soil type, slope, and land use, an erosion 

potential model was created. The resulting map (Figure 24) shows erosion potential, with areas 

of low erosion potential represented by light yellow and areas of high erosion potential 

represented by dark brown. Most of the watershed has a low to moderate erosion potential for 

two reasons. Firstly, the region is largely covered by mature forest. Secondly, the soil types all 

have low k-factor values. Areas with a high erosion potential do exist along the eastern shore of 

Long Pond North, and these correspond to a high instance of residential development or 

agriculture. Erosion control measures might be necessary in these areas to ensure that little soil 

washes into the lake. 
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EROSION IMPACT MODEL 

Introduction 

 If erosion occurs in an area not adjacent to Long Pond North or one of its tributaries, it is 

more likely that the moving soil will be stopped by intervening vegetation before reaching the 

lake. While this does not change the on-site results of soil erosion, it does diminish the effect that 

erosion occurring far from the lake has on water quality. To highlight the areas where erosion is 

most likely to impact the water quality of Long Pond North, an impact of erosion model was 

created. This model combines three factors: erosion potential, proximity to Long Pond North, 

and proximity to a stream that could carry soil into the lake. 

 

Methods 

Erosion Potential  

 The erosion potential model, which rates an area’s susceptibility to erosion on a scale of 1 

to 6, was used without modification in the impact of erosion model. An area that is highly 

susceptible to erosion will have a larger impact on lake water quality than an area with minimal 

erosion potential, regardless of its distance from Long Pond North. 

Proximity Zones 

 Two different proximity zone maps were created for the Long Pond North watershed. 

The first indicates proximity to the lake by dividing the watershed into 9 zones. The first zone, 

which represents the shoreline, is 200 ft wide and was given an erosion impact rating of 9. The 

remaining area of the watershed was divided into eight equally wide zones, each just over 1000 

ft wide. These were assigned erosion impact ratings of 1 to 8, with 8 indicating the zone closest 

to Long Pond North and 1 indicating the zone farthest from the lake.  

 The second proximity map indicates areas that are located near streams. A proximity 

zone of 200 ft on either side of each stream was created, and these were given an erosion impact 

rating of 8. The remainder of the watershed was given an impact rating of 0, because the erosion 

impact of this area was already accounted for by the lake proximity map. 

Weighted Overlay 

 For the impact of erosion model, erosion potential, proximity to Long Pond North, and 

proximity to a stream were weighted as 50 percent, 40 percent, and 10 percent, respectively 
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(Figure 25). Erosion potential was weighted most heavily because areas that are more susceptible 

to erosion will have a greater impact on water quality regardless of their distance from the lake.  

Proximity to Long Pond North was weighted only slightly less, however, because soil eroded 

near the lake is far more likely to end up in the water than soil eroded in the more distal regions 

of the watershed. Proximity to a stream was only weighted as 10 percent of the model, because 

the value for each stream proximity zone was added to the value for the underlying lake 

proximity zone to account for the distance of each stream section from Long Pond North. 

Streams do have the potential to carry sediments great distances, especially when swollen with 

storm runoff, and the high impact rating of stream proximity zones reflects their significant 

contribution to the impact of erosion on water quality. 

  
Figure 25. Inputs contributing to the impact of erosion model and their relative weights. 
Impact of erosion ratings were determined based on proximity to Long Pond North or one 
of its tributaries. The two proximity maps were combined with the erosion potential model 
using the Weighted Overlay tool in ArcGIS® 9.1 to determine the areas where erosion is 
most likely to impact the water quality of Long Pond North. 
 

Results and Discussion 

 The impact of erosion model combines erosion potential, proximity to Long Pond North, 

and proximity to a stream to determine the areas that are most likely to have a negative impact on  
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the water quality of Long Pond North as a result of erosion. The map created by this model 

(Figure 26) shows the areas likely to have a low impact in yellow and those with a potentially 

high impact in red. The areas with the lowest potential impact of erosion occur at the outer edges 

of the watershed to the west and south of Long Pond North. The areas with the highest impact of 

erosion occur along the edges of the lake, especially along streams that feed directly into Long 

Pond North or in residential areas with a high erosion potential. These areas should be monitored 

and any sources of erosion addressed. Activities that increase erosion, such as logging, should be 

avoided where the model indicates a high impact value. 

 

DEVELOPMENT POTENTIAL MODEL 

Introduction 

 A primary area of concern for any lake is the impact of residences on water quality. 

Present developments have been addressed in the land use section of this report, but future 

construction is also a source of concern. A development suitability model constructed with GIS 

is one way to visualize possible future trends and locate potential problem areas. The model 

combines slope, soil types, roads, protected areas, and distance from the lake to determine areas 

most prone to development. Areas are categorized with a value of 1 to 5 on a relative index. 

 

Methods 

  The development suitability model consists of five factors: soil type, slope, distance 

from a road, distance from the lake, and protected land. Soil types were assigned values in a 

similar fashion to the septic suitability model (Figure 22). Soil type is an important factor in 

choosing a building site due to differences between soils in water draining characteristics, ability 

to settle and compress under load, and erosion potential. Slope was classified based on data from 

the KCSWCD report. Roads influence development because any land within 250 ft of existing 

roads will be cheaper to develop since no new roads will have to be paved. Similarly, within 

certain distances of the lakeshore, residences will be more desirable. Three categories were 

created to describe proximity to the lake: shoreline to 250 ft, 250 ft to 500 ft, and beyond 500 ft 

from the lake. Within 250 ft it is possible to have direct access to the lake via a dock. From 250 

ft to 500 ft many communities still extend lake access benefits to neighbors by maintaining a 
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semi-private boat launch area. Beyond 500 ft the draw of the lake becomes less important as lake 

access becomes more restricted. These four components were rated on a scale of 1 to 5, and then 

combined into a weighted overlay, with more important components receiving more significance 

than others. The importance values were 15 percent for soil, 20 percent for slope, 30 percent for 

roads, and 35 percent for lake proximity. These weights were given based on the influence the 

characteristic has on development as well as how easy the characteristic is to remediate. These 

values were combined with a map of protected lands to show the final result. Protected lands 

where building is restricted include the Kennebec Highlands, Blueberry Hill, and regional 

wetlands, as well as a town park in Belgrade Lakes. 

 

Results 

 The finished development suitability model (Figure 27) shows the probability of 

residences being built on a scale of 1 to 5, and also lists areas where construction is prohibited. 

The areas noted by the model as having higher potential for future development include the 

western shore, the area near Peninsula drive in the north, and the southwest basin. The model 

accurately identified Wildwood Estates as a likely place for development. Most of the areas in 

the # 5 category have already been developed. An important consideration is that the model does 

not take into account the influence of preexisting dwellings, because existing development has 

ambiguous effects on future actions. In some cases, already established infrastructure encourages 

development. New residences in these areas will not need to include the costs of installing power 

lines and roads. In other cases, such as in Belgrade Lakes Village, the land may be saturated with 

residences, thus prohibiting future growth. Each instance needs to be examined case by case, but 

this model serves as a reasonable guide. 
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WATER QUALITY STUDY SITES  

 

SAMPLE SITES 

 A total of four study sites were selected for Long Pond North (Figure 28). Sampling 

occurred from 6-Jun-06 through 30-Aug-06 on a weekly basis. Site 1 was chosen because it 

represents the deepest part of the lake and would give the most complete representation of the 

water column. Maine DEP as a sample site also used site 1 in past years, so CEAT’s newly 

gathered data could be compared to historical data. Site 2 is in a bay on the Southerly end and it 

helps show if any homogeneity occurs between the differently located sampling sites. Because 

site 2 is located in a bay, it will experience proportionately less mixing and flow than the middle 

of the lake. Site 3 was chosen for similar reasons to site 2, but it represents the northern end of 

the lake. Site 4 is located in a narrow bay that never exceeds 6 meters depth, and also has a 

stream flowing into it at the tip and near its lower end. All four sites possess different 

characteristics that are representative of the different areas in the lake. 

 

TRIBUTARIES 

 There are three main inputs to Long Pond’s North basin. Beaver Brook enters from the 

northwest and drains from Beaver Pond, McIntire Pond, Round Pond, and Kidder Pond. An 

unnamed stream enters from the north, draining from Watson Pond and Whittier Pond. The 

output from Great Pond flows under Route 27 and enters Long Pond North from the East. 



Colby College: Long Pond North Report 98 

  



Colby College: Long Pond North Report 99 

LONG POND WATER QUALITY ASSESSMENT 

 

PHYSICAL MEASUREMENTS 

Dissolved Oxygen and Temperature 

Introduction 

Dissolved oxygen (DO) concentration in a lake is a measurement of the amount of 

gaseous oxygen (O2) dissolved in water.  Organisms depend on the presence of this oxygen for 

respiration.  Thus, water with a DO concentration of less than one part per million (ppm) is 

termed anoxic and is considered to be threatening to aerobic life (PEARL 2006b).  Water with 

DO less than five ppm is dangerous for cold-water fish (PEARL 2006b). 

The balance of oxygen in the water column is influenced by biological, physical, and 

chemical variables.  Oxygen levels can be depleted by the decomposition of organic matter, 

microbial activity, and biological respiration (Chapman 1996). DO is also affected by turbulence, 

a physical disruption of the water surface primarily caused by wind that increases the diffusion 

of atmospheric oxygen. Various chemical factors, such as increased salinity, depress the 

solubility of oxygen (NOAA 2006). Additionally, anoxic waters accelerate phosphorus release 

from iron complexes in the lake bottom sediments (see Background: Water Quality).  This 

release increases algal growth, creating a cycle where dissolved oxygen is further decreased by 

the decomposition of dead algae.  Changes in DO can greatly shift the biotic communities 

present in a lake and are therefore a good indicator of water quality.  

Temperature is a measure of the average energy of molecular motion in a substance at a 

specific point (Horton 2001).  Temperature correlates with dissolved oxygen because decreasing 

water temperature increases the solubility of gases such as oxygen.  Furthermore, higher 

temperatures increase the respiration rates of organisms, leading to increased rates of 

decomposition and further DO depletion.   

Long Pond is a dimictic lake, thus its water column mixes twice per year (see 

Background: Lake Characteristics: Annual Lake Cycles).  Spring and fall turnover events 

redistribute dissolved oxygen and homogenize temperature.  This mixing limits deep water 

stratification of anoxic layers that threatens fish species and releases nutrients (see Historical 

Perspective: Water Quality).  
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Methods 

 Temperature and DO measurements were taken by CEAT at sites 1, 2, 3, and 4 on 22-

Jun-06, 27-Jun-06, 5-Jul-06, 11-Jul-06, 18-Jul-06, 25-Jul-06, 1-Aug-06, 8-Aug,-06, 14-Aug-06, 

and 30-Aug-06 (Figure 28).  Additional samples were made at site 1 on 6-Jun-06, 15-Jun-06, and 

2-Oct-06.  Values were recorded at one meter depth intervals using a YSI 650 MDS Sonde probe 

(see APPENDIX B).  Temperature was measured in degrees Celsius (°C) and DO was measured 

in parts per million (ppm).  Historical data for these two parameters were obtained from the 

Maine DEP (PEARL 2006a).   

Results and Discussion 

 Anoxic waters were only measured at site 1, the deepest site.  Profile results indicated 

that the deepest areas of Long Pond North became anoxic in early August when stratification 

intensified and remained anoxic until fall turnover occurred (Figure 29-A).  On 8-Aug-06, anoxic 

levels were measured below depths of 16 m.  Only one week later, on 14-Aug-06, depths greater 

than 10 m were potentially anoxic (Figure 30).  This represents a noticeable increase from 0.6 

percent to 10.1 percent of the volume of the lake or 3.526 x 106 m3 of anoxic water in one week. 

 Shallower sites did not display a strong layering effect, which indicates more mixing 

occurred.  For example, sites 2, 3, and 4 only reached a minimum of 5 ppm DO (Figure 29-B), 

thus still supporting the oxygen demand of trout and salmon populations.  However, these 

shallower depths do not provide the cold waters these fish prefer.  

Historical DO data display a decrease in the depth of anoxic water around site 1 (Figure 

31).  As a result of this disconcerting trend, Long Pond was placed on the 2006 Maine DEP’s list 

of impaired lakes (Roy Bouchard pers. comm.).  In addition, it is clear that internal phosphorus 

loading by release from ferric compounds under anoxic conditions is an important contributor to 

phosphorus levels in Long Pond North where such a large area of lake bottom sediments is in 

contact with anoxic water (see Analytical Procedures and Results: Phosphorus Budget). 
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Figure 29.  Dissolved oxygen (ppm) profile in 2006 for Long Pond North at site 1
(A.) and site 3 (B.)  (see Figure 28 for site locations).  Similar patterns to site 3 were
also found at site 2 and site 4.
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Figure 31. Historic depths at which the dissolved oxygen concentrations were below 5 ppm 

and below 1 ppm in late August or September for Long Pond North at site 1 (see Figure 28 

for site locations). Data collected by the Maine DEP and CEAT. 

 

The temperature profile depicts highly stratified waters from late June to mid August 

(Figure 32).  The thermocline is the area of rapid temperature change with depth found below the 

wind mixed surface epilimnion.  Historical annual temperature data in July indicates that the 

thermocline consistently occurs at depths between 6 m and 9 m (Figure 33). The region of rapid 

change in dissolved oxygen concentration mirrors the temperature thermocline, confirming that 

these two physical parameters are correlated (Figure 34).  These two profiles illustrate the rapid 

decrease in depth of the anoxic layer that occurred in August.   
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Figure 32.  Temperature profile (degrees Celsius) in 2006 for Long Pond North at site 1
(A.) and site 3 (B.) (see Figure 28 for site locations).
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Figure 33. Historic temperature profile (degrees Celsius) in July since 1989 for Long Pond 

North at site 1 (Figure 28 for site locations). Data collected by Maine DEP. 

 



Colby College: Long Pond North Report 106 

   

20

15

10

5

0

0 5 10 15 20 25 30
Figure 34.  Temperature and dissolved oxygen profiles on 8-Aug-06 (A.) and 14-
Aug-06 (B.) for Long Pond North at site 1 (see Figure 28 for site locations).
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Transparency 

Introduction 

 Transparency is a measure of visibility in the water column and is typically measured in 

meters with a Secchi disk. This 20 cm-diameter black and white disk is lowered into the water 

until it is no longer visible and then raised until it reappears. This is repeated three times to 

obtain an average depth. Transparency is therefore a function of the reflection of light off the 

disk, as influenced by the number of suspended particles and the light absorption qualities of 

water (Wetzel 2001). Secchi depth varies with factors such as the viewer’s eyesight, contrast 

between the disk and the water, and intensity of surface light (Cole 1975). The best time of day 

to sample is from 10 AM to 2 PM, and measurements should be made from the shady side of the 

boat (Cole 1975). 

The Secchi disk provides a simple, inexpensive measure of lake water quality and 

changes in algal biomass. Secchi depth is also correlated with light penetration in the water 

column (Wetzel 2001). A higher measurement indicates clearer waters, greater light penetration, 

and lower lake productivity, whereas a lower measurement indicates more turbid waters and a 
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decrease in water quality, most often as a result of algal growth (O’Sullivan & Reynolds 2005). 

In Maine, a lake is considered to have an algal bloom when Secchi depth is less than 2 m (SOS 

2005). Mean Secchi depth (SD) can be used to calculate the trophic state index (TSI) for a lake. 

Dr. Robert Carlson originally derived this index in 1977, and a modified version is still used in 

order to assess and classify lake productivity or algal biomass: 

TSI (SD) = 10 [6 – (ln (SD) / ln 2)] 

or modified, TSI (SD) = 60 - (14.41 * ln (SD)) 

Similar equations exist for TSI that utilize either chlorophyll pigment or total phosphorus 

measurements. A high TSI is associated with lakes that have low visibility due to high algal 

growth rates, whereas a lower index value indicates a lake with clear waters and low productivity 

(PEARL 2006k). Oligotrophic lakes (low productivity) are assigned a TSI of less than 40, 

whereas mesotrophic lakes (moderate productivity) have a TSI of 40 - 49 and eutrophic lakes 

(high productivity) have a TSI of 50+ (PEARL 2006a). 

Methods 

Transparency was measured on a weekly basis with a Secchi disk and an Aqua-Scope (to 

remove effects of surface glare) from 6-Jun-06 to 30-Aug-06 and on 2-Oct-06 for site 1, from 

13-Jun-06 to 30-Aug-06 and 2-Oct-06 for site 2, and from 12-Jun-06 to 30-Aug-06 for site 3 

(Appendix A). Site 4 was too shallow for measurement. Historical data were obtained from the 

PEARL website (2006a). The 2006 mean Secchi disk measurement (SD) was used to calculate 

the TSI of Long Pond North using the modified equation. 

Results and Discussion 

 At site 1, transparency ranged from 6.2 m to 3.65 m with a mean of 4.65 m ± 0.20, site 2 

ranged from 4.95 m to 3.9 m with a mean of 4.35 m ± 0.14, and site 3 ranged from 6.15 m to 3.9 

m with a mean of 4.79 m ± 0.26. There was no significant decrease in average Secchi depth for 

sites 1 or 3 throughout the summer, but a decrease did occur from June to July for site 2, 

suggesting a drop in water clarity (Figure 35). Secchi depth never fell below 2 m for sites 1 - 3, 

indicating that no algal blooms occurred during summer 2006. TSI for Long Pond North was 38, 

classifying the lake as oligotrophic (less than 40). A significant future increase in productivity 

could easily increase TSI, placing Long Pond North in the mesotrophic category (40 - 49).  
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Figure 35.  Mean (± SE) Secchi depth (m) in 2006 for Long Pond North sites 1-3
(see Figure 28 for site locations).
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Figure 36.  Water clarity as represented by mean (± SE) Secchi depth (m) and
linear trendline from 1970 to 2006 for Long Pond North site 1 (see Figure 28 for
site locations). Data from 2006 collected by CEAT, all other data from Maine DEP.
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From 1978 to 1982, water clarity was high with a mean Secchi depth of more than 7 m 

(Figure 36). From 1982 through 2006, there was a trend in decreasing mean depth (Figure 36). 

The 2006 mean visibility was about 3 m less than the 1978 reading. This change indicates that 

over the past two and a half decades, visibility and water quality have declined. In 2006, Maine 

DEP listed Long Pond as “impaired” because of this historical decrease in transparency and the 

increasing anoxia in the bottom waters during late summer (see Figure 29) (Bouchard, pers. 

comm.).  

 

Turbidity 

Introduction 

 Similar to transparency, turbidity is also a measure of visibility in the water column, but 

is based upon the interaction of light with suspended particles (Stednick 1991). A beam of light 

shone through pure water travels undisturbed through the sample. If particles are present in the 

water, they absorb the light striking them and reradiate light energy in different directions 

(Stednick 1991). The pattern of light distribution varies with factors such as particle shape and 

size, wavelength of incident light, and particle concentration (Stednick 1991). A turbidimeter, 

commonly used to measure turbidity, sends a beam of light through a sample. The suspended 

particles in the sample scatter light energy in an amount proportional to the turbidity, and this 

light energy is converted to an electric signal to provide a reading. Turbidity readings are 

typically reported in Nepalometric Turbidity Units (NTU). High NTU values reflect greater light 

scattering, higher turbidity, and reduced clarity (MPCA 2006). 

A higher turbidity reading indicates more suspended inorganic and organic particles in a 

sample, which may include clay, silt, fine organic particulate matter, and plankton (Wetzel & 

Likens 2000). A lack of clarity can arise for several reasons including turbulence, increased algal 

growth, and pollution. The particles in highly turbid waters may inhibit algal and macrophyte 

primary production by reducing light penetration, which in turn affects the macroinvertebrates 

that feed upon them (Rast & Thornton 1979). Filter feeders are also harmed by high turbidities, 

and lake predators may find it more difficult to locate prey (Rast & Thornton 1979). 

Methods 

 The turbidity of surface, mid, and bottom water samples was measured for sites 1 - 3 on a 

weekly basis from 6-Jun-06 to 30-Aug-06 (Appendix A). Site 4 was too shallow to collect 
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turbidity samples at depths other than the surface. A Hach�  2100P Turbidimeter was used to 

take measurements in Nepalometric Turbidity Units (NTU). 

Results and Discussion 

Throughout the summer, turbidity readings for site 1 ranged from 0.55 NTU to 2.01 

NTU. Mean (± SE) surface turbidity was 0.89 NTU ± 0.11. A major increase in surface turbidity 

occurred on 27-Jun-06 (Figure 37). This increase was caused by a higher particulate abundance 

in the water, perhaps resulting from high winds and turbulence or greater levels of algal growth. 

Average surface turbidity increased as site depth decreased, suggesting turbulence and mixing at  

the shallower sites (Figure 38).  

6-
Ju

n

13
-J

un

22
-J

un

27
-J

un

5-
Ju

l

11
-J

ul

18
-J

ul

25
-J

ul

1-
A

ug

8-
A

ug

14
-A

ug

30
-A

ug

0

0.5

1

1.5

2

2.5

T
ur

bi
di

ty
 (

N
T

U
)

Surface Mid Bottom

Figure 37.  Surface, mid, and bottom turbidity (NTU) in 2006 for Long Pond North
site 1 (see Figure 28 for site locations).

 

Site 1 is the deepest (approximately 20 m) and had the lowest average turbidity, whereas 

site 4 was the shallowest (approximately 3.5 m) with the highest average turbidity. Sites 2 and 3 

were of intermediate depths (approximately 8 and 7 m respectively) and had an intermediate 

average turbidity. This trend occurs because site 1 is deep enough to stratify, and there is very 

little mixing between the hypolimnion and the epilimnion. The more shallow sites do not stratify 

and are wind mixed, which may stir up sediment and decrease water clarity throughout the entire 

water column. 
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 Bottom turbidity at site 1 ranged from 0.49 

NTU to 2.21 NTU, with a mean of 1.26 NTU ± 0.18. 

Bottom turbidity increased steadily from 25-Jul-06 

until it peaked on 14-Aug-06 (Figure 37). Algae 

populations tend to increase as summer progresses, and 

as they die, they settle to the bottom to be broken down 

by decomposers. The higher bottom turbidity 

measurements in late summer reflect this increase in 

accumulated organic matter. 

 

 

 

 

 

 

 

CHEMICAL ANALYSES 

pH 

Introduction 

pH is a measurement of the concentration of hydrogen ions (H+).  It is based on a 

logarithmic scale where a change in pH value by 1 unit refers to a change in ion concentration by 

a factor of 10 (PEARL 2006j).  pH can range from very acidic (value of 1) to very basic (value 

of 14).   The pH in lakes can fluctuate due to pollutants such as acid rain or decomposition of 

organic matter. 

The level of primary production can also influence a lake’s pH.  Carbon dioxide 

combines with water to form carbonic acid.  Thus, it has an acidifying effect on water by shifting 

the bicarbonate buffer equilibrium.  When respiring plants produce CO2, they decrease the pH of 

water.  Plants also use CO2 during photosynthesis and this makes the water more alkaline.  

Higher net pH values may consequently be an indicator of algal growth (PEARL 2006j).   
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Figure 38.  Mean (± SE) surface
turbidity (NTU) in 2006 for Long
Pond North sites 1-4 (see Figure 28
for site locations).
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The acidity or alkalinity of lake water impacts several aspects of the ecosystem.  Typical 

lakes range in pH from 4 to 9.  However, lakes with pH levels from 5 to 7 generally have better 

health since the phosphorus retention of ferric compounds is maximized, thereby reducing a 

source of excess nutrients (Cooke et al. 1993).   In addition, pH can influence lake biota based on 

optimum species-specific pH ranges.   

If a lake is in need of water quality improvement processes because of eutrophication, 

several of the treatment options are pH dependent.  The optimum effectiveness of chemical 

coagulation, disinfection, softening, and corrosion control are all determined by pH. 

Methods 

 pH profiles were taken at sites 1, 2, 3, and 4 on 22-Jun-06, 27-Jun-06, 5-Jul-06, 11-Jul-

06, 18-Jul-06, 25-Jul-06, 1-Aug-06, 8-Aug-06, 30-Aug-06, and additionally at site 2 on 6-Jun-06, 

15-Jun-06, and 2-Oct-06 (see Figure 28 for site locations).  Data was collected using a YSI 650 

MDS Sonde probe at one meter intervals.  The instrument was calibrated before use (Appendix 

B).  Annual mean pH values at site 1 were analyzed to gain a historical perspective (PEARL 

2006a).  Mean surface pH values and the trophic state of Long Pond North were compared with 

several other area lakes.  

Results and Discussion 

Surface pH was significantly more basic than benthic levels at all four sites (Figure 39).  

In deeper waters, less CO2 is removed through photosynthesis and the pH remains lower.  

Changes in temperature and dissolved oxygen, over the course of the summer, indicate that the 

water column becomes increasingly stratified.  This trend was observed with pH as well.  The pH 

range of Long Pond North, however, did not substantially change over the course of the summer.   

Peak pH values occurred at sites 1, 3, and 4 on 8-Aug-06.  This date corresponds with high 

chlorophyll readings relating to an increased photosynthetic rate due to warmer, nutrient-rich 

waters.  The most likely cause of high pH values was the removal of CO2 from the water as a 

result of increased levels of photosynthesizing plankton.  

 In general, lake pH remained above 7 in the first eight meters of water.  The more basic 

surface pH values, particularly at the shallower site 4, should be closely monitored. There is also 

a historic trend depicting increasing annual mean pH values with the exception of 1988 (Figure 

40).  The pH of Long Pond North fell within the range for maximum phosphorus retention (pH 5 
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Figure 39.  pH profiles in 2006 for Long Pond North at site 1 (A.) and site 3 (B.)  (see
Figure 28 for site locations).
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to 7) at the majority of depths, indicating 

good overall lake health.  Should pH 

values continue to rise, it is possible that 

increased phosphorus may be released 

from the sediments at shallow sites.   

 The trend of mean surface pH of 

Long Pond North was interesting when 

compared with other nearby lakes (Table 

10).  Great Pond is beginning to show  

signs of eutrophication and China Lake, 

East Pond, Webber Pond, and Threemile 

Pond are all experiencing algal blooms.  

As higher pH is indicative of algal 

growth, it is expected that Long Pond 

North would have lower values than 

many of the other cited lakes.  Higher pH 

results than anticipated at Long Pond North 

may in part be attributed to the presence of 

Gloeotrichia enchinulata (see Background: 

Water Quality). 

 

 

 

 

 

Total Phosphorus 

Introduction 

  Phosphorus limits phytoplankton 

growth and in many lakes it is the main nutrient responsible for eutrophication (Boyd 2000). 

Increases in phosphorus can result in algal blooms, thereby decreasing water clarity and 

Table 10.  Mean surface pH (±±±± SE) of five 

nearby lakes (CEAT 1995, 2000, 2004, 2005, 

2006; King 2005).  

Lake pH (surface) 

Belgrade Lakes Region  

Long Pond North 7.36 ± 0.04 (n = 43) 

Great Pond 7.2 ± 0.16 (n = 11) 

East Pond 7.43 ± 0.23 (n = 34) 

China Lakes Region  

China Lake 7.95 ± 0.19 (n = 19) 

Threemile Pond 6.97 ± 0.21 (n = 11) 

Webber Pond 7.13 ± 0.31 (n = 10) 
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dissolved oxygen concentrations in the hypolimnion. Oligotrophic lakes tend to have an 

epilimnion total phosphorus concentration of less than 5 ppb, whereas a eutrophic lake will have 

phosphorus levels of 30 to 100 ppb (Wetzel 2001).  

Common sources of phosphorus include phosphorus-bearing minerals, detergents, 

fertilizers, sewage, internal loading, and soil runoff (Boyd 2000). Phosphorus is present in lakes 

as orthophosphate, polyphosphate, and organic phosphate (Tomar 1999). Once dissolved and 

particulate forms of phosphorus enter a lake, they can be absorbed by plants and incorporated as 

biomass. After the plants or the animals that consume them die, decomposers release dissolved 

phosphorus. Phosphorus can then be reabsorbed by plants and continue the cycle or become 

sequestered in the sediments.  

In unpolluted lakes, most of the phosphorus is found in bottom sediments, tied up in 

aluminum, iron, and calcium complexes (Boyd 2000). The release of phosphorus into the water 

by these complexes depends upon pH and hypolimnion oxygen levels. When waters become 

anoxic, meaning dissolved oxygen levels drop below 1 ppm, phosphate complexes are reduced 

and phosphorus is released into the water (see Background: Phosphorus and Nitrogen Cycles). 

The solubility of aluminum and ferric phosphates increases at pH higher and lower than 6, 

whereas carbonate phosphate compounds are less soluble at higher pH (Wetzel 2001). Phosphate 

absorption by clays occurs mostly at low pH (Wetzel 2001).  

Methods 

 Surface, mid, bottom and epicore water samples were collected by CEAT on a weekly 

basis from 6-Jun-06 to 30-Aug-06 at site 1. Surface, mid, and bottom samples were taken on a 

weekly basis from 13-Jun-06 to 30-Aug-06 at sites 2 and 3, and only surface samples were 

consistently collected each week at site 4 due to shallow depth. See Appendix A for further 

information on sample dates.  

 The ascorbic acid method was used to determine the total phosphorus concentration (ppb) 

of the samples (see Appendix B). After collection, samples were placed on ice and brought back 

to the laboratory. One mL of 1.75 N ammonium peroxydisulfate and 1.0 mL 11 N sulfuric acid 

were added to each 50 mL sample, and these were digested in an autoclave at 15 lbs/in2 and 

120
C for 30 min. This process converted condensed and organic phosphorus to soluble 

orthophosphate. Post-digestion, the samples were titrated to a pH of 6, and a combined reagent 

was added. The intensity of the color produced by the reagent reacting with orthophosphate was 
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measured with a Milton Roy Thermospectronic Aquamate Spectrophotometer and converted to 

phosphorus concentration in ppb. Historical data were obtained from Maine DEP (PEARL 

2006a). 

Results and Discussion 

 Mean (± SE) surface, mid, and bottom total phosphorus for site 1 were 6.6 ppb ± 2.1, 9.5 

ppb ± 2.0, and 12.8 ppb ± 2.0 respectively. Mean (± SE) epicore total phosphorus was 7.5 ppb ± 

1.7. Mean (± SE) surface, mid, and bottom total phosphorus for site 2 were 8.0 ppb ± 2.8, 7.3 

ppb ± 0.95, and 5.6 ppb ± 1.0 respectively. For site 3, mean (± SE) surface, mid, and bottom total 

phosphorus were 6.6 ppb ± 0.33, 6.7 ppb ± 0.80, and 6.9 ppb ± 0.73 respectively. Site 4 mean (± 

SE) surface total phosphorus was 5.8 ppb ± 1.2. Total phosphorus at site 1 increased with depth 

because site 1 is stratified and little mixing occurs between bottom and surface water (Figure 41). 

Bottom waters are more likely to have higher total phosphorus concentrations because of internal 

loading from the sediments. Total phosphorus for sites 2 and 3 did not increase with depth 

(Figure 41). These shallower sites are not deep enough to stratify. Wind mixing of the entire 

water column prevents the buildup of bottom phosphorus. 
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 Total phosphorus concentrations at surface, mid, and bottom depths at site 1 were 

relatively high in June, although standard error was great (Figure 42). The total phosphorus of 

the site 2 surface sample and the site 1 surface, mid, and bottom samples collected on 27-Jun-07 

had unusually high values (see italicized numbers in Appendix C). CEAT believes that these 

results occurred because of an error in the ascorbic acid testing procedure. Consequently, these 

values were omitted from any mean calculations. Excluding these values, mean (± SE) surface, 

mid, bottom, and epicore total phosphorus concentrations for site 1 were 4.7 ppb ± 0.8, 8.1 ppb ± 

1.5, 11.5 ppb ± 1.6, and 6.1 ppb ± 0.7, respectively. Mean (± SE) surface total phosphorus 

concentration for site 1 was 5.5 ppb ± 1.0. From June to July, the surface and mid total 

phosphorus concentrations at site 1 showed a slight increase, but the greatest increase occurred in 

bottom concentrations (Figure 42). As summer progresses, phytoplankton die, fall to the bottom, 

and decompose, causing dissolved oxygen levels in the hypolimnion to become anoxic, as seen 

at site 1 on 8-Aug-06 (Figure 29). In those conditions, metal phosphate complexes are reduced, 

releasing phosphorus from the bottom sediments. Because site 1 is stratified, the released 

phosphorus remains in the bottom waters. This increase in total bottom phosphorus is not 

observed in the shallower sites (Figure 43) because of mixing and oxygenated waters. 
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Figure 43.  Mean (± SE) surface, mid, and bottom phosphorus concentrations
(ppb) in 2006 for Long Pond North site 3 (see Figure 28 for site locations).

 

 There was relatively little historical change in surface or epicore total phosphorus 

concentrations at site 1, but bottom total phosphorus increased from 1976 to 2006 (Figure 44). 

Bottom total phosphorus concentration was fairly low until 1982, but thereafter increased until a 

peak of more than 45 ppb in 1996 (Figure 44). Concentration decreased after that year, but 

remained higher than the 1976 - 1982 levels (Figure 44). High bottom phosphorus concentrations 

indicate that the bottom waters become anoxic at some point during the summer, suggesting an 

overall decrease in water quality. Although several measurements of bottom phosphorus 

concentration were significantly greater than those of other years, the averages since 2004 have 

not exceeded 15 ppb. This is a good sign because in other anoxic lakes, bottom total phosphorus 

levels can become greater than 100 ppb (CEAT 2006).     
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Figure 44.  Mean (± SE) bottom total phosphorus concentrations (ppb) and linear
trendline from 1976 to 2006 for Long Pond North site 1 (see Figure 28 for site
location). Data from 2006 collected by CEAT, all other data from Maine DEP.

 

 

BIOLOGICAL PARAMETERS 

Chlorophyll-a 

Introduction 

Chlorophyll is a pigment comprising 1 to 2 percent of the dry weight of 

photosynthesizing organisms (APHA 2005).  It is involved in the pathway that transforms light 

energy into organic matter.  Measurements of chlorophyll-a are the most common estimate of 

relative phytoplankton biomass in a lake, thus providing an indirect estimate of a lake’s trophic 

status (Chapman 1996; Effler et al. 1996).  Several factors can influence the growth of algae such 

as temperature, light (depth), and nutrient levels.  Chlorophyll-a can fluctuate based on these 

long-term variables as well as with weather conditions. 

Methods 

 Chlorophyll-a profiles were obtained at sites 1, 2, 3, and 4 on 22-Jun-06, 27-Jun-06, 5-

Jul-06, 11-Jul-06, 18-Jul-06, 25-Jul-06, 1-Aug-06, 8-Aug-06, 30-Aug-06, and additionally at site 

1 on 6-Jun-06, 15-Jun-06, 2-Oct-06 (see Figure 28 for site locations).  Fluorescence data was 
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collected using a YSI 650 MDS Sonde probe at one meter intervals.  The instrument was 

calibrated with a zero standard of E-pure water before use (Appendix B).  Fluorescence is a more 

sensitive method to determine the relative chlorophyll-a concentration at different sites with 

respect to the zero standard in parts per billion (ppb).  Annual mean chlorophyll concentrations at 

site 1 were analyzed for a historical perspective (PEARL 2006a) 

Results and Discussion 

 Profile results indicate relatively high chlorophyll concentrations from surface depths 

down to 9 m (Figure 45).  At this level, light is unable to penetrate sufficiently and growth of 

photosynthetically active algae is limited.  As oxygen is a byproduct of photosynthesis, the drop 

in chlorophyll-a correlates with the dissolved oxygen profile (see Figure 29). 

 The highest chlorophyll-a concentrations were found in early August, coinciding with the 

phosphorus, temperature, and Secchi disk data.  These results are indicative that this is the time 

of peak primary production during the season.   

 Peak chlorophyll-a readings were not correlated directly at surface depths.  Ultraviolet 

sunrays as well as surface turbulence are damaging to cells.  The deep hole at site 1 reached 

maximum chlorophyll-a values between 4 m and 6 m.  Sites 2 and 3, of intermediate depths 

reached maximum chlorophyll-a values between 4 m and 5 m.  The shallowest site, site 4 

obtained its highest chlorophyll-a levels at 3 m.   

 Historic mean chlorophyll-a concentrations have remained relatively constant below 5 

ppb (Figure 46).  The highest chlorophyll-a level was recorded in 2001 at 9.6 ppb.  China Lake, 

with annual algal blooms, consistently reported values above 10 ppb (CEAT 2006). 
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Figure 45. Chlorophyll  (ppb) profile in 2006 for Long Pond North at site 1 (A.) and
site 2 (B.) (see Figure 28 for site locations).

9

8

7
6

5

4

3
2

1

0

22
-J

un

27
-J

un

5-
Ju

l

11
-J

ul

18
-J

ul

25
-J

ul

1-
A

ug

8-
A

ug

14
-A

ug

30
-A

ug

2-
O

ct

D
ep

th
 (

m
)

A.

B.

 



Colby College: Long Pond North Report 122 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

19
76

19
77

19
82

19
99

20
01

20
02

20
03

20
04

20
05

0
1
2
3
4
5
6
7
8
9

10

C
hl

or
op

hy
ll 

co
nc

en
tr

at
io

n 
(p

pb
)

Figure 46. Mean annual chlorophyll
concentrations (ppb) at mid-depths in
all available years for Long Pond North
at site 1 (see Figure 28 for site locations).
Data collected by Maine DEP.



Colby College: Long Pond North Report 123 

WATER BUDGET 

INTRODUCTION 

 A water budget accounts for the inputs and outputs of water in a lake.  The primary 

purpose of calculating a water budget is to determine flushing rate, representative of the annual 

frequency by which the total volume of lake water is replaced.  The flushing rate value is 

inversely proportional to residence time (length of time the average water molecule remains in 

the lake) (Chapman 1996).   

 A water budget provides valuable information for projecting the future lake health under 

changing land-use practices.  The length of time that water is retained in the lake predicts the 

vulnerability of Long Pond and lake recovery time.  All lakes have low flushing rates relative to 

rivers and streams.  As a result, lakes are more susceptible to the accumulation of pollutants and 

nutrients in the water column, as well as bioaccumulation in aquatic organisms.  Relatively low 

flushing rates among lakes do not alter water quality, but lakes become even more vulnerable as 

nutrient-loading problems are exacerbated and eutrophication accelerates. 

Flushing rate is of primary concern as it influences how quickly nutrients are removed or 

accumulated.  Long Pond South receives water from the North Basin.  Any negative changes in 

Long Pond North will adversely impact the water quality of the south basin in relation to 

drainage rate.   Similarly, Long Pond North is heavily influenced by the water input from Great 

Pond.   

METHODS 

 The water budget calculates the net water draining into the lake and subtracts the water 

losses of the lake, resulting in the net input (Inet) measured in meters3/year (see Appendix D).  

The flushing rate is measured in flushes/year.  The following formulas were used to calculate net 

input and flushing rate (see Appendix D): 

 

I net = (runoff * watershed area) + (precipitation * lake area) – (evaporation * lake area) 

Flushing Rate = [(Inet Long Pond) + (Inet Input 1) + … (Inet Input n)] / (volume of lake) 

 



Colby College: Long Pond North Report 124 

Lake water level is constantly changing due to seasonal and daily fluctuations in direct rainfall, 

runoff from the watershed, and evaporation of the lake water.  For the purpose of this study, we 

will use an annual mean water level, assuming that the water entering the lake is equal to the  

water leaving the lake over the course of a year.  Inet values were calculated for Long Pond 

North, as well as for each of the lakes draining into Long Pond North, including Beaver Pond, 

Great Pond, Kidder Pond, McIntire Pond, Round Pond, Watson Pond, and Whittier Pond (Figure 

47).  These indirect watershed inputs were added to the direct watershed input and divided by the 

volume of Long Pond to compute the annual flushing rate.   

Calculations of net inputs required several values.  The runoff constant (0.62 m/yr) was 

determined by the Kennebec Regional Planning Commission (KRPC) (unpublished data).  The 

evaporation constant (0.56 m/yr) was based on a study in the Lower Kennebec Basin (Prescott 

1969).  The mean annual precipitation was measured at the Waterville Treatment Plant and the 

data supplied by the National Oceanic & Atmospheric Administration (NOAA) over a 10 year 

period (NOAA 2006).   

Characteristics of the watershed of Long Pond, Beaver Pond, McIntire Pond, and Round 

Pond were calculated using ArcGIS® 9.1 with layers from the Maine Office of GIS (MEGIS 

2006).  Analysis yielded watershed land area and lake surface area, allowing CEAT to calculate 

the volume of Long Pond North.  For the additional indirect watersheds, Great Pond, Kidder 

Pond, Watson Pond, and Whittier Pond, information on the lake volume and flushing rates were 

obtained from the Maine DEP (PEARL 2006c, d, e, f, g, h, i) in order to calculate each Inet. 

RESULTS AND DISCUSSION 

 Water enters Long Pond North from spring runoff, storm events, and inflow from other 

watersheds.  Water exits Long Pond North either via evaporation or a culvert beneath Castle 

Island Road into the South Basin.   

 The flushing rate of Long Pond North was calculated to be 3.79 flushes/year, such that 

the water is replaced a little less than 4 times per year.  This flushing rate is significantly higher 

than the average rate of 1 to 1.5 flushes/year for all Maine lakes (MDEP 1996) and the rates of 

several area lakes (Table 11).  The flushing rate of Long Pond North indicates a high cleansing 

potential and the ability to remove accumulated nutrients, thus helping to explain the high lake  
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water quality we observed.  The Maine DEP (Pearl 2006a) flushing rate for Long Pond North 

was slightly lower at 3.5 flushes per year.  This slower rate can probably be attributed to a 

change in what was considered to be the direct and indirect watersheds by the Maine Office of 

GIS as well as the updated ten year precipitation data.   

Table 11. Flushing Rate of Long Pond North and other Belgrade Lakes.  Data collected by 

CEAT (1995, 1997, 1999, 2000, and 2006). 

Lake Flushes/Year Volume (m3) Watershed Area (m2) 

Long Pond, North Basin 3.79 34,922,160 23,161,123 

East Pond 0.29 33,848,120 10,598,777 

Great Pond 0.43 240,649,445 214,710,000 

North Pond 1.36 37,148,856 30,920,000 

Salmon Lake/McGrath Pond 0.58 28,410,750 23,126,300 

Long Pond is the second to last lake in the Belgrade Lakes chain and is partially 

dependent on the water quality of all "upstream" lakes.  Long Pond receives the majority of its 

water from Great Pond (77 percent).  Thus, Great Pond has a tremendous influence on the water 

quality of Long Pond (see Phosphorus Budget).   CEAT observed that the water input from Great 

Pond may flow toward the southern outlet and not mix completely with the rest of the lake.  If 

so, the northern lake arms would experience a different turnover rate.  They may be more 

dependent on sediment and surrounding land-use patterns for their water chemistry (see 

Phosphorus Budget).  Further study is necessary. 

It is important to monitor the nutrient sources flowing directly into Long Pond North as 

well as the entire region.  As a result of its high flushing rate, Long Pond North is less vulnerable 

to the accumulation of nutrients and pollutants from its watershed. 
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PHOSPHORUS BUDGET 

INTRODUCTION 

 A phosphorus loading model can be used to estimate the total amount of phosphorus 

entering a lake in a given year. This model takes into account factors such as land use, soil type, 

septic systems, point source pollution, and watershed runoff. A phosphorus budget is helpful in 

assessing overall water quality and identifying problem areas in terms of phosphorus loading. 

This model can also be used to predict the effects of future development, land-use changes, and 

population increases on phosphorus loading. 

METHODS 

 The model used for this study was adapted from Reckhow and Chapra (1983) in order to 

estimate how much phosphorus enters Long Pond North in a given year: 

W =     (Eca 5  Areas) + (Ecag 5  Areaag) + (Eccf 5  Areacf) + (Ecdf 5  Areadf) + (Ecgc5  Areagc) + 

(Ecw 5  Areaw) + (Ecc 5  Areac) + (Eccm 5  Areacm) + (Ecrl 5  Arearl) + (Ecmf 5  Areamf) + (Ecpk 

5  Areapk) + (Eccr 5  Areacr) + (Ecsr 5  Areasr) + (Ecs 5  Areas) + (Ecn 5  Arean) + 

[(Ecss 5   # capita yearsn 5  (1-SR1)) + (Ecns 5   # capita yearsn 5  (1-SR2))] + (Sdcs 5  Areacs) + 

PSIgp + PSIbp + PSIwp 

 

 W represents the total phosphorus entering Long Pond North in kg/yr. In order to 

calculate W, export coefficients were first derived. Each coefficient, represented by the Ec term, 

corresponds to a different land-use type within the watershed and represents how much 

phosphorus each contributes to the lake in kg/hectare/year. Phosphorus input sources consist of 

the atmosphere (a), agricultural land (ag), coniferous forest (cf), deciduous forest (df), golf 

course (gc), wetlands (w), cleared land (c), commercial land (cm), reverting land (rl), mixed 

forest (mf), park (pk), camp roads (cr), state roads (sr), shoreline development (s), non-shoreline 

development (n), shoreline septic systems (ss), non-shoreline septic systems (ns), and sediment 

release (cs). SR1 and SR2 are soil retention coefficients and characterize the ability of shoreline 

and non-shoreline soils to immobilize phosphorus on a scale of 0-1.0 (Reckhow & Chapra 1983). 

The higher the soil retention coefficient, the more phosphorus is retained and prevented from 

entering the lake. This value is based on soil phosphorus adsorption capacity, natural drainage, 
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permeability, and slope (Reckhow & Chapra 1983). PSIgp, PSIbp, and PSIwp represent the point-

source inputs from Great Pond, Beaver Pond, and Whittier Pond, respectively. See Appendix E 

for further information about the coefficients used. Each export coefficient was multiplied by the 

area of its respective land use. As represents the surface area of Long Pond North. All other land- 

use areas were calculated using ArcGIS® 9.1 and 2003 digital orthophoto-quadrangles of the 

Long Pond North watershed (see Watershed Land-Use Patterns: Methodology). 

 The export coefficients for shoreline and non-shoreline septic systems were multiplied by 

the number of capita years and by one minus the coefficient values for soil retention. The capita 

year value represents the average number of occupants and average duration of occupancy per 

household within the watershed. The average number of people per unit was estimated to be 2.54 

based a 2000 census (Najpauer, pers. comm.). Year-round and seasonal residences were 

estimated to be occupied 355 and 95 days of the year, respectively (CEAT 2005).  

 Low, best, and high estimates of export coefficients were used to provide confidence 

intervals from possible error resulting from natural fluctuations and estimation. The best estimate 

coefficients were what CEAT believed to be the best representation for each land-use type. Low, 

best, and high total phosphorus loading values (W) were calculated with and without sediment 

release using these coefficients, area of land-use type, and water budget data. The total input of 

atmospheric and land use phosphorus into Long Pond North (P) was calculated by the following 

formulas adapted from Reckhow and Chapra (1983): 

L = W / As 

P = L / (11.6 + 1.2qs) 

 L is the annual areal phosphorus loading in kg/m2-yr, derived from dividing the low, best, 

and high phosphorus loading values (W) by the lake surface area (As). This value was then 

divided by the term (11.6 + 1.2qs), which represents the settling velocity of phosphorus and areal 

water loading in the lake. 

RESULTS AND DISCUSSION 

 The phosphorus loading model predicted a range of 1303.31 kg to 2259.70 kg 

phosphorus entering Long Pond North per year from external sources, with a best estimate of 

1601.78 kg/yr. The estimate of phosphorus entering the lake from external sources was higher 

when sediment release (internal phosphorus loading) was taken into account, with a range of 

1354.91 kg/yr to 2775.68 kg/yr and a best estimate of 1911.37 kg/yr. The model also calculated 
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total phosphorus concentration, which with sediment release, ranged from 6.2 - 12.7 ppb with a 

best estimate of 8.7 ppb. The mean total phosphorus concentration for epicore samples collected 

by CEAT from 6-Jun-06 to 30-Aug-06 at site 1 was 7.6 ppb ± 1.7. This value falls within the 

range predicted by the model and is close to the best estimate, reinforcing the legitimacy of our 

model.  

To calculate the low, best, and high estimates of phosphorus loading with sediment 

release, the sediment release export coefficients in the final model were adjusted until their best 

estimate fell within 7.6 ppb ± 1.7. The sediment coefficient range was 0.1 - 1.0, with a best 

estimate of 0.6. Compared to studies performed on different anoxic lake sediments, our release 

rates are very low, but our calculated total phosphorus estimates are overall much lower than the 

lakes in these studies (Nürnburg 1988, Mattson & Isaac 1999). 

 The largest sources of phosphorus loading in the Long Pond North watershed are the 

three point-source inputs from nearby Great Pond, Beaver Pond, and Whittier Pond, altogether 

contributing 55 percent of the best estimate for total mass phosphorus loading (with sediment 

release). Most of this phosphorus (a best estimate of 898.72 kg/yr) comes from Great Pond, 

whose contribution alone equals 47 percent of the best estimate of total phosphorus entering 

Long Pond North. This finding has significant implications for the health of Long Pond North. 

Because the majority of external phosphorus is derived from Great Pond, the water quality of 

Long Pond North is determined to a large degree by the water quality of Great Pond. CEAT 

found that during summer 2006, surface total phosphorus concentration at Great Pond site 1 

(9.34 ppb ± 1.52) was higher than that of Long Pond North site 1 (4.7 ppb ± 0.8). In addition, 

CEAT observed from satellite images that the water input from Great Pond might flow to the 

southern basin without mixing with the northernmost waters. Thus, phosphorus loading in the 

northern and southeast arms may be more affected than the rest of the lake by land-use types and 

runoff than the center and southwest arms of the lake. Monitoring the water quality of Great 

Pond is key to maintaining the health of Long Pond North because changes in Great Pond water 

quality parameters have the potential to significantly affect Long Pond North.  

 Sediment release accounted for 16 percent of the best estimate for total mass phosphorus 

loading. Excluding phosphorus input from point sources, the top three phosphorus sources within 

the direct watershed were shoreline septic, atmospheric input, and camp roads (23, 17, and 15 

percent of the best estimate for total mass phosphorus loading, respectively) (Table 12). 
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Although many of the septic systems around the lake have been updated as a result of new 

construction or conversion from seasonal to year-round residency, shoreline septic systems still 

have the potential to contribute a great deal of phosphorus because of their proximity to the lake. 

Certain sources, such as industry and wood-burning stoves, release phosphorus-containing 

particulates into the air, which can then enter the lake through precipitation. These particles can 

travel great distances with wind patterns and consequently may originate from distant sources. 

Runoff from camp roads may also be a major contributor of phosphorus to a lake because they 

are mostly unpaved and located close to the shore. Several Long Pond North camp roads were 

lacking proper drainage or crownage (see Watershed Development Problems: Roads). 

Table 12.  Percent contribution of phosphorus for all land-use types, determined by low, 
best, and high estimates of different export coefficients. These calculations do not take into 
account phosphorus loading from point-source inputs. Values reflect the amount of 
phosphorus input for each land use under different estimates, relative to the total 
phosphorus load. 
Input Categories Low Estimate  

(%) 
Best Estimate  

(%) 
High Estimate 

(%) 
Atmospheric 14.8 10.0 6.5 

Agricultural 0.3 0.4 0.5 

Cleared Land 0.4 0.7 0.9 

Coniferous forest 10.9 10.1 7.6 

Mixed forest 16.8 19.5 17.6 

Deciduous forest 18.5 12.9 9.7 

Regenerating land 2.8 2.3 2.6 

Wetlands 0.2 0.1 0.1 

Park 0.0 0.0 0.0 

Golf course 0.4 0.3 0.3 

Commercial land 0.3 0.1 0.2 

Camp roads 3.3 11.7 13.8 

State and municipal roads 1.8 2.8 5.7 

Shoreline development 6.0 10.0 7.5 

Non-shoreline development 6.8 3.1 4.5 

Shoreline septic systems 15.1 13.8 19.5 

Non-shoreline septic systems 1.7 2.1 3.0 
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FUTURE PROJECTIONS 

POPULATION TRENDS 

HISTORIC POPULATION TRENDS 

 According to the United States Department of Commerce, Bureau of the Census, the 

towns of Rome and Belgrade, comprising the Long Pond North direct watershed, underwent 

significant population growth between 1930 and 2005 (Figure 48). Belgrade’s population 

increased continuously throughout this period.  Rome’s population, however, displayed some 

fluctuation. The population of both towns increased dramatically between 1970 and 1980 (Figure 

48). Belgrade’s Comprehensive Plan suggests that this increase may be attributed to a skewed 

age distribution during this period. At this time, a number of young adults moved into the 

township (Town of Belgrade 1987). Similarly, seasonal residences have been converted into 

year-round residences coinciding with the population increase. Many families, who used their 

summer camps for seasonal recreation and relaxation, converted their residences into year-round 

retirement residences as they aged.   
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Figure 48.  Population counts from the Census Bureau of the United States
Department of Commerce for the towns of Belgrade and Rome, Maine for the
years 1930-2005 (DOC 1930-2005).
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FUTURE POPULATION AND DEVELOPMENT TRENDS 

 Several factors that contributed to Rome and Belgrade’s population boom from 1970 

until the present suggest that similar population growth will continue in the future. In the past 

several decades, the towns of Belgrade and Rome have changed from rural and agriculture-based 

communities to residential communities. It is unlikely that this trend will change or that farms 

will be reintroduced into the watershed (Fuller pers. comm.). Development is also likely to 

continue in the near future. Although many new residences have been constructed in the recent 

past, many lots are still available and probably will be developed in the future. In a discussion 

with the Belgrade Code Enforcement Officer Gary Fuller, tax-maps were reviewed, and it was 

noted that in Belgrade, there are 100 developed lots and 11 lots upon which houses have not been 

constructed.  Although all the lots are owned privately, the 11 undeveloped lots exist where 

single families own large lots with the potential to be subdivided into multiple lots (Fuller pers. 

comm.). Mr. Fuller believes that those owners may begin selling their sub-lots as property value 

rises in the area. Additionally, in Belgrade there is an area with high potential for development 

bordering the southeastern part of the lake. In Rome, the same phenomenon of development 

potential exists within the shoreline: there are 262 total shoreline lots, but only 249 are currently 

developed. Also, in Rome there are two areas currently being developed.  In the northwest corner 

of Long Pond North, development is occurring in Long Pond Estates. Development is also taking 

place in the southwestern corner of Long Pond North in Wild Flower. In these three development 

areas, there are several hundred lots that are within 1000 ft of the shoreline. Many of these lots 

are smaller than the current minimum lot size standard, but these lots may be grandfathered and 

allowed to undergo development without meeting the new regulations. Even though some 

development may occur away from the direct shoreline, these structures can still negatively 

affect water quality, particularly if they are near streams running into Long Pond North.   
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RECOMMENDATIONS  

WATERSHED MANAGEMENT 

ROADS 

 The quality of the camp roads is poorer than that of state roads located in the Long Pond 

North watershed.  Camp roads should be maintained regularly and direct attention should be paid 

immediately to the problem areas recognized and described in this report. 

·  Problems should be addressed with attention first paid to those that have greatest effect 

on the lake. 

·  Private camp roads should be evaluated annually for crowns, ditches, diversions, 

turnouts, and culverts, and repair work should be performed accordingly. 

LAND USE 

All land use within the Long Pond North watershed is likely to affect Long Pond’s water 

quality. The clearing of land for logging, residential, commercial, or agricultural purposes could 

have the most pronounced effect on Long Pond’s trophic status. Deforestation not only 

eliminates valuable habitat for many plants and animals, but may also lead to greater erosion and 

results in increased runoff. Forests have the capacity to act as buffers by reducing soil erosion 

with their canopy and root systems and by sequestering nutrients that may otherwise become 

incorporated into Long Pond via runoff. Forest clearing will result in the loss of all these 

ecosystem services. 

Agricultural practices typically utilize significant amounts of phosphorus in fertilizers. 

This phosphorus is highly susceptible to being lost in runoff, and may easily be carried away 

from the cleared land by stormwater. Agricultural land does not comprise a significant 

percentage of the Long Pond North direct watershed. Nevertheless, these lands, in addition to the 

golf course, are potentially important non-point sources of phosphorus and should be considered 

as such. 

In order to maintain acceptable water quality in Long Pond North and to prevent cultural 

eutrophication, the Colby Environmental Assessment Team (CEAT) recommends that the 

residents of the Long Pond North watershed consider taking the following actions. 

·  Continue to monitor residential and commercial development, especially shoreline lots 
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·  Install effective buffer strips to prevent nutrient runoff 

·  Strictly enforce zoning ordinances in wetland and forested lands 

·  Monitor phosphorus use in golf course and agricultural areas  

BOAT RAMP 

 The public boat ramp to the south of Castle Island plays an important role in the 

recreational use of Long Pond. The boat ramp is located in the South Basin and serves as an 

access point to both basins of Long Pond for many in-state and out-of-state boaters. This ramp is 

a prime area of concern for accidental introduction of invasive aquatic plants such as milfoil to 

Long Pond. The Maine Volunteer Lake Monitoring Program (VLMP) frequently conducts 

surveys and inspects Long Pond in an effort to educate boaters about the hazards of invasive 

species, as well as to aid with identification of the 11 species considered as threats to the area 

(VLMP 2006). Public awareness of this issue is a crucial aspect of the prevention process and 

should continue to be fostered by volunteer programs as well as by other concerned citizens. To 

prevent invasive species from colonizing Long Pond, CEAT recommends the following. 

·  Closely inspect boats and trailers for clinging vegetation 

·  Frequently monitor aquatic vegetation adjacent to the boat ramp 

·  Remove suspicious plants and report to proper officials 

·  Increase public awareness of the issue, both at the boat ramp and around Belgrade and 

Rome 

COMMUNITY AWARENESS AND EDUCATION 

·  The Belgrade Lakes Association (BLA) and their associated programs have performed a 

lot of work and many service projects. 

·  There needs to be an effort to involve the entire community.  The BLA is based on 

membership and not all residents are members. 

·  There has been an effort to include high school students as summer employees on the 

lake.  This program must be expanded. 

·  The BLA and other organizations should continue to hold demonstrations on good 

practices within the watershed. 



Colby College: Long Pond North Report 135 

·  The Belgrade Regional Conservation Alliance (BRCA) must continue their work to unify 

the towns and lake alliances in the Belgrade region. 

·  Belgrade Regional Conservation Corps (BRCC) must continue their work to educate 

landowners in the art of creating a lake-friendly property. 
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