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AUGUSTA WATER DISTRICT

CARLETON POND AND COBBOSSEE LAKE WATERSHED

EXECUTIVE SUMMARY

The Augusta Water District provides drinking water from Carleton Pond to approximately 6,000 customers in Augusta and five surrounding towns.  The Water District also has a backup intake at the northern end of Cobbossee Lake.  The 1,709-acre watershed of Carleton Pond is located primarily in Winthrop and Readfield.  More than 85 percent of the watershed is undeveloped woodland.  Agricultural land occupies approximately 14 percent of the watershed.  Residential development occupies less than one percent of the watershed.  The Water District owns approximately 690 acres of land surrounding the pond, which protects the entire shoreline from development.  Additionally, land around the pond is a game sanctuary managed by the Maine Department of Inland Fisheries and Wildlife.  Development within 1,000 feet of the shoreline is also restricted by zoning ordinances in the towns of Winthrop and Readfield.

Discussions with the Water District and reconnaissance of the Carleton Pond watershed did not identify any activities in the watershed that pose a point-source threat to water quality.  The primary threat to the quality of Carleton Pond appears to be non-point source nutrient enrichment due to erosion of soil from roadways, trails and agricultural land in the watershed.

Carleton Pond is a dedicated source of supply for the Water District.  No recreational activities that might pose a threat to water quality are permitted on the pond.   In addition, the Water District’s ownership of the surrounding land limits unauthorized access to the pond.   

Historical and recent water quality data from Carleton Pond classify the pond as mesotrophic.  The pond experiences periodic blooms of cold-water algae.  Nutrient concentrations are generally moderate (e.g., phosphorous concentrations of approximately 10 parts per billion), though significantly higher concentrations are present in the deepest portions of the pond.  The pond undergoes seasonal stratification at a depth that coincides with the intake.  Below the stratification, the water has low oxygen concentrations and increased concentrations of iron and manganese.

Based on land ownership by the Water District, the District’s activities to control land use in the watershed and historical and recent water quality data, the overall susceptibility of Carleton Pond is considered to be low-moderate.

Cobbossee Lake, the back-up surface supply for the Water District, is used primarily as a recreational, rather than water supply, resource.  There is minimal conservation ownership or restrictive zoning in the watershed.  The Cobbossee Watershed District promotes zoning and land use practices to reduce the impact of current and future development on water quality.  However, the lake has experienced significant nutrient-related algae blooms as a result of historical development patterns.  Boating activities near the Water District intake have also been linked to increases in raw water turbidity.  Based on existing land use and water quality factors, the overall susceptibility of Cobbossee Lake as a backup water supply is considered to be moderate-high. 
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SOURCE WATER ASSESSMENT PROGRAM

AUGUSTA WATER DISTRICT 

CARLETON POND AND COBBOSSEE LAKE WATERSHED

1.0   INTRODUCTION   

The operation of public water systems in Maine is governed by the federal Safe Drinking Water Act (SDWA), which was first passed in the 1970s and later amended in 1986 and 1996.   The federal government delegated authority for enforcing the SDWA to the state under the Maine Department of Human Services (DHS) Drinking Water Program (DWP).   In 1998, the Source Water Protection Section was established in the DWP to implement the Maine Public Drinking Water Source Water Assessment Program (SWAP). The SWAP process is being conducted through a cooperative effort between the DWP staff, Augusta Water District staff and Drumlin Environmental, LLC (Drumlin), the environmental consulting firm contracted through DHS to provide technical assistance for the project.   

The purpose of the SWAP evaluation for the Augusta Water District (Water District) is to assess the susceptibility of its drinking water supply (PWSID  90080) from Carleton Pond and Cobbossee Lake to potential threats of contamination.   The long-term goal is to protect the water supply sources.   To do this, the SWAP process has compiled information to assist the Water District in future planning that will help to control potential threats to the water quality of its sources.

This Report describes the SWAP for the Augusta Water District and is organized as follows:

· Section 2.0  summarizes the physical characteristics of the water supply from Carleton Pond and Cobbossee Lake;

· Section 3.0  describes the variety of conditions and activities that could pose a threat to water quality;

· Section 4.0  provides an assessment of the threats within the watersheds for Carleton Pond and Cobbossee Lake; and,

· Section 5.0  ranks the susceptibility of the water quality at each source and provides recommendations for future protection of water quality.

2.0   WATER SUPPLY SOURCE

2.1  Description

The current surface water source of supply for the Water District is Carleton Pond, which is located in the towns of Winthrop and Readfield.  The Water District also has rights to surface water from Cobbossee Lake, which is located in the towns of Winthrop, Manchester, Monmouth, West Gardiner and Litchfield.  A portion of the Cobbossee Lake watershed also lies in the Town of Wales.  The Water District does not currently draw water from Cobbossee Lake, but for the purposes of this SWAP evaluation, both Carleton Pond and Cobbossee Lake are included as sources of supply.  

The Carleton Pond watershed includes land in both Winthrop and Readfield.  Carleton Pond and its watershed are depicted in Figure 1A.  Cobbossee Lake and its watershed (as well as the Carleton Pond watershed) are depicted in Figure 1B.  The components and description of the Water District source are summarized in Table 1. 
TABLE 1

CARLETON POND AND COBBOSSEE LAKE  SUPPLIES

	Category
	Description

	Water System Name:
	Augusta Water District

	Surface Water Source:
	Carleton Pond (primary) and 

Cobbossee Lake (backup)

	Water System Type:
	Non-transient, community system

	Watershed Location:
	Carleton Pond: Winthrop and Readfield

Cobbossee Lake:  Winthrop, Manchester, Monmouth, West Gardiner, Litchfield and Wales.

	Source Surface Water Area: 
	Carleton Pond:  219 Acres

Cobbossee Lake: 5,543 Acres

	Source Watershed Area:
	Carleton Pond: 1,709 Acres

Cobbossee Lake: 28,642 Acres

	Maximum & Average Depths:
	Carleton Pond:  61 ft Max.  24 ft Ave.

Cobbossee Lake:  100 ft Max, 37 ft Ave.

	Water Volume in Storage:
	Carleton Pond: Safe Yield = 2.0 MGD

Cobbossee Lake:  Safe Yield = 90 MGD

	Population Served (customers): 
	Services:  6,000 +/-

Population:  14, 500 +/-

	Type of Treatment:
	Filtration, Chlorination, Fluoridation, Corrosion Control, pH Adjustment and Activated Carbon

	Filtration:
	Conventional (Upflow Clarification) 

	Estimated Daily Water Use:
	2.0 MGD average;  3.0 MGD peak 


Carleton Pond is approximately 220 acres in size and is located in the northeast corner of Winthrop and the southeast corner of Readfield.  The pond is fed by a small perennial tributary and wetland to the north as well as several seasonal tributaries.  The outlet of the pond flows south into Upper Narrows Pond, which is the source of supply for the Winthrop Utilities District. Data on file with the Water District and from the PEARL database shows that Carleton Pond is generally between 40 and 50 feet deep along the central axis.  The Water District draws water from an intake located near the southwest corner of the pond, approximately 200 feet from shore, where the water depth is approximately 20 feet. 

The Water District also has a backup intake on the north end of Cobbossee Lake.  Cobbossee Lake is approximately 5,540 acres in size and lies within the boundaries of five towns.  Currently, the Water District is able to meet the demand from its customers using surface water from Carleton Pond and groundwater from its wells.  The Water District does not currently use its intake on Cobbossee Lake, except to keep the pump station and intake in working order. 

2.2   Land Use 

Carleton Pond.  Land around Carleton Pond and in the pond watershed includes undeveloped land as well as residential and agricultural land uses.  The Water District owns approximately 690 acres of land in the watershed, including all of the land surrounding the pond (see Figure 2) and a significant portion of the primary wetland and tributary feeding into the pond from the north. According to staff, the Water District continues to seek opportunities to conserve more land within the watershed through purchase and/or conservation easements.  The Water District also continues to solicit guidance and input from local conservation groups.

Land use within the Carleton Pond watershed is controlled by zoning ordinances in Winthrop and Readfield.  Land use zones within the watershed are described below.

· Winthrop has adopted a Public Water (PW) zone that extends 1,000 feet from the shore of Carleton Pond and within 1,000 feet of the stream that connects Carleton Pond to Upper Narrows Pond.  No commercial development is permitted in the PW zone.  Residential development is permitted on 80,000 square foot lots (60,000 square feet if sewered) with a permit from the Codes Enforcement Officer.  Agricultural use, earth moving, mineral extraction and recreational facilities require a conditional use permit from the Planning Board.  

· Readfield has adopted a Resource Protection zone restricting development within 1,000 feet of the pond.  Other watershed land in Readfield is zoned as rural or rural residential. 

More than 85 percent of the Carleton Pond watershed is currently undeveloped.  A map of the land use classifications for the watershed and surrounding area is shown in Figure 3A.  Farm-related land uses such as pastureland occupy approximately 14 percent of the watershed.  Much of the pastureland is drained by small tributaries flowing into the northwest side of the pond.  Residential development, which occurs along the road corridors passing through the watershed, occupies less than one percent of the area.  Transportation corridors in the watershed include State Routes 17 and 135 as well as several town roads.  There are no significant commercial or industrial land uses in the Carleton Pond watershed.

According to the Water District, Carleton Pond is restricted for use as a water supply pond and no other recreational activities are permitted on the pond.  The pond has been studied by the Maine Department of Inland Fisheries and Wildlife and was formerly used as a bass hatchery, although this use has been discontinued.  The area around the pond is extensively posted with informational signs identifying the water supply.  The only access to the pond is via woods roads that are owned, controlled and maintained by the Water District.

Cobbossee Lake:  Land uses around Cobbossee Lake and in the lake watershed include undeveloped land, residential and agricultural land and commercial land uses.  The Water District owns only a small parcel of land on Welch’s Point, at the northern end of the lake.  This land houses the pumping station for the intake.  The remainder of the land in the watershed is owned privately.

The majority of the Cobbossee Lake watershed lies in the towns of Winthrop, Manchester, Monmouth and Wales.  Smaller portions of the watershed lie within West Gardiner and Litchfield.  Land use zones within the watershed are described below.

· Winthrop has adopted shoreland zoning within 250 feet of Cobbossee Lake.  Most of the other land in the Cobbossee watershed is zoned as rural, which permits a variety of land uses, ranging from residential to small-scale retail.  According to the Codes Enforcement Officer, the town may consider adopting future zoning along Route 202 that would be favorable to commercial development. 

· Manchester has several land use zones within the Cobbossee Lake watershed.  Within 250 feet of the lake, the town has adopted state shoreland protection zoning.  Land to the east of the lake, along Pond Road, is zoned for community residential development (which includes moderate density residential development, apartments, etc.) or is zoned for rural residential development on 80,000 square foot lots.  Land along the Route 202 corridor is zoned for general development and allows for commercial and industrial development.

· Monmouth has adopted the state shoreland protection ordinance that restricts development within 250 feet of Cobbossee Lake.  Other areas of Monmouth in the watershed are zoned for general development. 

· West Gardiner has adopted the state minimum shoreland protection ordinance that restricts development within 250 feet of Cobbossee Lake to limited residential use.  There are no other zoning ordinances in West Gardiner.

· Wales zones the majority of the land in the Cobbossee Lake watershed for residential development.  The residential zone in Wales generally permits all types of development.

Approximately 70 percent of the Cobbossee Lake watershed is currently undeveloped.  A map of the land use classifications for the watershed and surrounding area is shown in Figure 3B.  Commercial and industrial land uses occupy approximately one percent of the watershed area, and are most common along the Route 202 corridor at the north edge of the lake.  The area along the northern lakeshore also contains some high-density residential development (e.g., condominiums, etc.)   According to the Winthrop Utilities District, the majority of the residential development on Route 202 at the north end of Cobbossee Lake is connected to the public sewer system, rather than relying on private septic systems.

Farm-related land uses such as pastureland and row crops occupy approximately 24 percent of the watershed.  Agricultural land uses are most common near the southern end of the watershed, although some agricultural land uses also occur near the northern end of the watershed.  Transportation corridors in the watershed include US Route 202, State Route 17 in the north, State Route 135 along the western shore and State Route 9 across the southern end of the watershed.  

The Cobbossee Watershed District (CWD), located in Winthrop, was established in 1972 to preserve and protect water quality in lakes and ponds west of Augusta, including Carleton Pond and Cobbossee Lake.  In 1994, the CWD adopted a Phosphorous Review Policy that contained a procedure for evaluating developments for potential generation and export of phosphorous to waters within the CWD, including Carleton Pond and Cobbossee Lake.  According to the CWD, Winthrop and Monmouth use this policy routinely for site review of projects not otherwise subject to Maine Department of Environmental Protection review. Manchester and Litchfield use the policy on a case-by-case basis.

Cobbossee Lake serves primarily as a recreational resource for the area, but also serves as the backup water supply for the Water District.  According to the Water District, all recreational uses are permitted on the lake, except within a 200-foot radius around the intake.  The Water District places buoys to mark this restricted area.   According to the Water District, there is a moderate to high level of recreational activity on Cobbossee Lake. 

3.0    INVENTORY OF POTENTIAL WATER QUALITY CONCERNS

3.1   Background  

The Source Water Assessment Program (SWAP) is intended to assist water districts and suppliers in protecting the quality of their surface water supply by identifying potential threats to water quality.  Two factors have been considered in identifying and assessing the potential risk posed by a threat: (a) location in relation to the intake and (b) the nature of a potential threat.

This source water assessment looks for potential threats to water quality in three zones:

1. The intake zone within 1,000 feet of the intake;

2. The shoreline zone, within 250 feet of the shoreline of the surface water body; and,

3. The watershed zone, extending to the limits of the surface watershed.

Activities in each of these zones have a different potential effect on the quality of water in the surface supply.

Within each of the three zones, the source water assessment examined a variety of conditions, land uses and practices that have a potential to influence water quality.  These features generally fall into one of the following categories:

· Physical characteristics of the watershed, for example the presence of wetlands, steep topography or erodible soils;

· General land uses and development patterns, for example the percentage of developed versus undeveloped land and controls to guide future development; and,

· Specific activities that involve chemical handling or may release pathogens (e.g., fecal coliform) with the potential to degrade water quality.

The source water assessment also considered available water quality data from the surface water supply as an indicator of existing conditions.  Appendix A describes specific guidance used during the SWAP to inventory potential factors influencing water quality.  Appendix A also lists specific activities included in the SWAP.  Table 2 lists general sources of information consulted during SWAP research.

TABLE 2

SOURCES OF SWAP INFORMATION

	Information Type
	Information Source

	Watershed Characteristics
	US Geological Survey (Topography, Hydrology), 

Soil Conservation Service (Soils), 

Maine Geological Survey (Geology)

	Raw Water Quality
	Water District Monitoring, Cobbossee Watershed District and PEARL

	Potential Contamination Sources
	DEP Databases, Water District and Municipal Contacts

	Land Use and Zoning
	Water District and Municipal Records

	Other Analyses
	Other DEP Databases 


3.2  Source Sensitivity to Land Use

The key watershed features that define the sensitivity of the water supply source to land uses are briefly described below:

· Natural Features:   The Carleton Pond watershed includes forest and farmland as well as wetlands.  The watershed and the pond are relatively small.  The pond is of moderate depth.  The Cobbossee Lake watershed includes a smaller percentage of forested land and a larger percentage of wetlands.  In comparison to Carleton Pond, Cobbossee Lake is large and deep and its watershed is very large.   

· Man-made Features:   The Carleton Pond watershed is relatively undeveloped and has few roads crossing the watershed.  In contrast, the Cobbossee Lake watershed has a wide range of development densities.  There are also numerous state and local roads within the watershed. These roadways provide corridors for a range of residential and commercial development.

· Specific Activities:   The source water supply is sensitive to certain activities that occur in the watershed.  In the Carleton Pond watershed, these activities include non-point source land use practices such as agricultural runoff and erosion.  In the Cobbossee Lake watershed these activities include petroleum storage, vehicle maintenance facilities, runoff from agricultural land, erosion from gravel pits and the Route 202 transportation corridor.  Recreational activities that occur on the lake also have a potential to influence water quality.
4.0   ASSESSMENT OF CARLETON POND AND COBBOSSEE LAKE

Carleton Pond is the primary source of supply for the Water District.  The Water District can supplement its Carleton Pond supply with groundwater from several gravel-packed wells.  Cobbossee Lake is a backup supply that is not currently used by the Water District.  

Carleton Pond is a filtered and chlorinated water supply source.   Based on available data and discussions with the Water District staff, the drinking water quality derived from the pond has historically been acceptable with treatment.  

4.1  Watershed

Carleton Pond:  Carleton Pond is a relatively small pond west of Augusta, in the towns of Winthrop and Readfield.  The Carleton Pond watershed is approximately three miles long from northeast to southwest and is approximately one mile wide.  Land to the north of Carleton Pond is predominately forest or farmland.  Farming uses include both livestock and crops.  There are several local roads that cross the watershed north of the pond.  These roads, including State Routes 17 and 135, are sparsely developed in the watershed.

The Water District owns approximately 690 acres in the 1,709-acre watershed, including all of the land around the pond.  The Water District land is undeveloped woodland that is managed for water quality preservation.  Timber is harvested from the Water District land using timber best management guidelines to protect water quality.  The Water District land is also a game preserve managed by the Maine Department of Inland Fisheries and Wildlife (IF&W).  IF&W staff assists the Water District in patrolling the watershed and controlling access to the land around the pond. 

The primary land use in the Carleton Pond watershed outside of Water District ownership is agricultural.  There are several farms in the watershed.  Pastures to the northwest of the pond are drained by small streams that flow into the pond.  The Water District has an ongoing program of outreach to these farms to assist them in controlling erosion and runoff that could transport soil and nutrients into the pond.  In 2000, the Water District secured funding and arranged for construction of a drainage channel and phosphorous retention pond downstream of one of the farms in the watershed.

Review of the DEP databases of regulated activities and observations made during a January 2002 reconnaissance of the watershed did not identify any point sources of potential contamination that may pose a concern to the water supply.   Non-point sources in the watershed include runoff and erosion from farms, roads and logging roads.  There is also a potential threat to the water supply posed by private and commercial transportation as well as roadway maintenance activities along State Routes 17 and 135.

Cobbossee Lake:  Cobbossee Lake is one of the larger lakes in the Augusta area.  The lake is approximately 5,540 acres (7.5 miles long and 1 mile wide) and extends from Winthrop and Manchester in the northeast to Monmouth in the southwest.  The Cobbossee Lake watershed is also long and narrow, extending approximately 20 miles from northeast to southwest.  The Cobbossee Lake watershed borders the Carleton Pond watershed at its northern end.

Land at the northern and southern ends of the Cobbossee Lake watershed includes undeveloped forestland as well as a mixture of low-density residential and agricultural uses.  Much of the land along the roadway corridors in south Monmouth and Wales has historically or is currently used for agriculture.  Land near the lake has been developed with a mixture of low and moderate-density residential uses.  Homes built near the lake include both seasonal and year-round dwellings.  Land along the US Route 202 corridor at the northern end of the lake includes a variety of commercial and high-density residential uses.  The Manchester business district is concentrated along Route 202 within 1 mile of the lake.  Other land uses near the north end of the lake along Route 202 include a golf course, automobile and engine service facilities, condominiums and apartments.

The Water District owns a small parcel of land at the north end of the lake on Welch’s Point.  According to the Cobbossee Watershed District, there are no large tracts of land in the watershed that are held in conservation easements or similar status that would preserve water quality. 

Review of the DEP databases of regulated activities and observations made during a January 2002 reconnaissance of the watershed identified a number of point and non-point sources of potential contamination that may pose a concern to the water supply (see Figure 4).   Point sources include several facilities with former or currently active petroleum storage tanks (both underground and above ground), automotive service facilities, sand and salt piles, manure piles and gravel pits.   Non-point sources in the watershed include runoff and erosion from golf courses, farms, orchards and roads.  There is also a potential threat to the water supply posed by private and commercial transportation, particularly along US Route 202, which passes close to the Water District intake at the north end of the lake.

During the 1980s and 1990s, the CWD has undertaken a number of projects in the Cobbossee Lake watershed to reduce the impact of existing land uses on the lake, such as development of the Phosphorus Review Policy described earlier.  They have also included improving agricultural waste management on farms in the watershed, reducing erosion from selected gravel roads near the lake and planting demonstration buffer strips near the lake.  

4.2   Shoreland

Carleton Pond:  The Water District owns all of the land around the shore of the pond and maintains this land, as well as the rest of its 690 acres, as undeveloped woodlands.  Primary access to Carleton Pond is via a double-gated dirt road that passes through private property.  Secondary access is available via gated logging roads off Route 135 in Readfield.  The Water District controls access to these trails, though there is occasional unauthorized access by ATVs and snowmobiles.  IF&W assists the Water District in controlling unauthorized activity on the District’s land near the pond.

The topography of the land along the east shore of the pond includes some moderately steep slopes characterized by erodible soils (see Figure 5A).  There is also a potential for soil erosion along the trails and gravel access roads on the Water District land.   Erosion from soils in this area has the potential to lower water quality by contributing phosphorus to the pond. 

Cobbossee Lake:  The majority of the land along the Cobbossee Lake shoreline is privately owned.  There are many paved and gravel roads that provide access to private homes on the lake as well as to land that could be developed in the future.  There are public boat launches at the north end of the lake, near the Water District intake and at the southwest end of the lake near Undine Bay.  Private and public roads also provide lake access to local residents.  There is also a public beach at the north end of the lake, near the Water District intake.

The five towns that border the lake have all adopted shoreland zoning, which restricts certain activities within 250 feet of the lake.  However, this zoning overlay does not preclude moderately dense residential or commercial development near the shoreline.  Rather, the shoreland overlay helps to reduce the potential impact of development by requiring certain setbacks, buffer plantings, etc.

The topography of the land along the shore of the lake includes a number of areas with moderate to steep slopes characterized by erodible soils (see Figure 5B).  There is also a potential for soil erosion along the gravel access roads to many of the lakefront homes.  Erosion from soils in this area has the potential to lower water quality by contributing phosphorus to the lake.  As discussed in Section 4.3, the recent Cobbossee Lake Total Maximum Daily Loading (TMDL) report identified excessive nutrient loading as the primary threat to the health of Cobbossee Lake.

4.3   Intake

Carleton Pond:  The current Water District supply intake, which was constructed in 1993, is located approximately 400 feet from the dam at the south end of Carleton Pond in approximately 20 feet of water.   Water District ownership of the land also means that there is no development near the intake that could pose a threat to water quality.

Water District personnel routinely collect algae, temperature, dissolved oxygen, total organic carbon and bacteria samples from the supply intake.  Historical water quality data from Carleton Pond in the late 1970s, 1980s and 1990s are summarized in the PEARL database.  The Cobbossee Watershed District (CWD) has also collected water quality data from the pond in conjunction with the state. Up through 2000, the Water District was a member of the Cobbossee Watershed District.  The CWD assisted with collection of water quality data from the deepest part of Carleton Pond.  Data collected by CWD was used to assist the Water District in tracking the nutrient status of the pond.  

The historical data show that phosphorous concentrations in the main portion of the pond are generally in the vicinity of 10 parts per billion, with occasionally higher concentrations.  The data also show significantly elevated phosphorous concentrations (> 50 parts per billion) in the deepest samples collected from below 50 feet.  The clarity of the pond, as measured by secchi disk data, has ranged from approximately 4 to 8 meters, with periodic readings of as low as 1 meter and as high as 8.7 meters.  Total organic carbon concentrations are typically 4 mg/L or less, with infrequent detections of 5 to 6 mg/L.

Based on temperature and dissolved oxygen data, the Water District has observed that the pond undergoes a thermal stratification process in mid-summer that typically continues into the early fall.  This stratification results in very low oxygen concentrations  of < 1 part per million in water below 40 feet.  During the 1993 to 2000 period, some stratification was evident above the supply intake, at a depth of less than 20 feet.  As a result, during the late summer and early fall raw water contains elevated concentrations of manganese and iron that requires treatment by potassium permanganate addition.  Several water parameters measured in the pond appeared to reflect decreased quality following construction of the new intake and spillway in 1993, however recent data have shown improved quality.  Lower quality during the early and mid-1990s may have been indicative of temporary disturbances during construction of the dam and intake. 

The Water District has also reported the presence of cold-water algae in Carleton Pond.  Historically, Carleton Pond was periodically dosed with copper sulfate to control algae, taste and odor, however this practice was discontinued in 1984.  Carleton Pond occasionally experiences algae (diatom) blooms beneath the ice during the winter.  These blooms are generally responsible for the low secchi disk data, and impart a taste and odor to the water.  When raw water quality is lowered by taste and odor, the Water District uses granular activated carbon filters for treatment.

Lakes and ponds normally experience an aging process known as eutrophication, which is caused by various natural and man-made influences.   Phosphorus from runoff, fertilizers, sewage and other sources is a primary factor affecting eutrophication since phosphorus nourishes plant and algae growth in the pond.   The amount of algae productivity in a pond is characterized in terms of three Trophic States: (1) Oligotrophic = low, (2) Mesotrophic = moderate, and (3) Eutrophic = high.  The Trophic State can be identified based on chlorophyll and phosphorus content and by secchi disk transparency data, which measures the clarity of the pond water.  Since 1976, the Trophic State Index of Carleton Pond, based on secchi disk data, has ranged from 30 to 59, with an average index value of 36.  Data from 1996, 1997 and 1998 contained consistently elevated index values of 42 to 59, however this trend did not continue in 1999 or 2000, when the index value was 37 and 38, respectively.  The Trophic State data indicate that Carleton Pond is Mesotrophic.  Based on an assessment of water quality, the State Lakes database lists the trophic stability of Carleton Pond as in full compliance for aquatic life and trophic stability criteria.  While swimming is not allowed in Carleton Pond and so the categorization is not applicable, the State Lakes database lists the pond as threatened under its water contact criteria due to the presence of occasional algae blooms.

These indicators suggest that the pond is moderately enriched in nutrients and is sensitive to additional inputs of phosphorous from land uses in the watershed.  Nutrient enrichment of the deep water is evident in the historical water quality data from the pond.  High nutrient concentrations contribute to low dissolved oxygen concentrations below the seasonal thermocline.

Cobbossee Lake:  The backup Water District supply intake is located approximately 250 feet offshore at Welch’s Point, in approximately 20 feet of water.  The Water District marks the intake, as well as a 200-foot radius around the intake, with buoys.  

Cobbossee Lake is a significant recreational resource in the capital region, and is used for swimming, fishing (open water and ice) and boating.  All recreational uses are permitted on the lake.  One of the boat launches on the lake is located at the north end, near the Water District intake.  The Water District has experienced increases in raw water turbidity that it believed to be the result of boating traffic near the intake.

Historical water quality data from Cobbossee Lake in the late 1970s, 1980s and 1990s are summarized in the PEARL database.  The Cobbossee Watershed District has also collected water quality data from the lake in conjunction with the State.  

In the mid 1990s, the CWD and Maine Department of Environmental Protection conducted a TMDL study to address blooms of blue-green and green algae in Cobbossee Lake resulting from excessive nutrient loading.  This information was reviewed for the SWAP to provide an overview of overall water quality in the lake.

The historical data show that phosphorous concentrations in the lake have typically been between 16 and 19 parts per billion (ppb), with a concentration as high as 24 ppb in 1990 and as low as 12 ppb in 1999.  Historically, algae blooms have occurred during years when the total phosphorus concentrations in the lake have risen above 17 ppb.  The data also show that phosphorus concentrations are highest in the deepest portion of the lake, with concentrations frequently exceeding 30 ppb at depths below 75 feet.  

The historical data show that the lake experiences stratification and oxygen depletion at depth.  Near-surface oxygen concentrations typically remain above 8 parts per million during the summer, but drop to 2 ppm or less at depths below approximately 30 feet.  Low dissolved oxygen concentrations have been observed to increase the iron and manganese concentrations in raw water.

The clarity of the lake, as measured by secchi disk data, has ranged widely during most years, from minimum clarity of 8 feet or less to maximum clarity of 16 feet or more.  The summary data in the PEARL database suggest a possible increase in the maximum clarity during the late 1990s.  The Trophic State Index of Cobbossee Lake, based on secchi disk data, has been in the 50s and 60s.  However, data from 1991 to 1994 put the Trophic State Index above 80 during that period.  Since then, the Trophic State Index has returned to the 60s and high 50s.

According to the CWD, Cobbossee Lake experienced its first summer-long algae bloom in 1992.  As described above, this contributed to the lake being identified as a priority for a TMDL study to reduce nutrient loading.  The TMDL study identified 15 parts per billion as a target phosphorus concentration to prevent algae blooms in the lake.  Since that time, the CWD has been working with the watershed communities to institute practices to reduce nutrient runoff, including demonstration projects to construct Best Management Practices (BMPs) improvements for camp road, shoreline buffer strips, etc.  The CWD was also active in the 1980s and early 1990s in the management of agricultural waste (e.g., manure piles, etc.) from farms within the watershed. 

Available raw water quality data, the PEARL database and the State Lakes database indicate that Cobbossee Lake is Eutrophic.  The State Lakes database lists Cobbossee Lake as not fully meeting any of its designated uses for GPA status.  This database classifies the lake as threatened for trophic stability and only partially compliant for aquatic life and water contact (e.g., swimming). 

5.0   SWAP RANKING AND RECOMMENDATIONS

5.1   Ranking of Susceptibility  

Carleton Pond:  The SWAP assessment factors indicate that overall susceptibility of the water quality in Carleton Pond is low-moderate.  This conclusion is based on the general conditions observed, including the density of development, conservation ownership in the watershed, current activity in the watershed and historical and recent water quality data.  Specific factors considered in assessing the overall risk to Carleton Pond are summarized in Table 3A.

TABLE  3A

CARLETON POND SURFACE WATER ASSESSMENT

	Zone
	Measure
	Findings
	Risk Level

	Watershed
	Ambient Water Quality

Existing Conditions

Future Development

Overall
	Class GPA, in full compliance for aquatic life and trophic stability, (threatened for contact though not applicable). Low oxygen below thermocline due to nutrient enrichment.

Existing land use includes agricultural and undeveloped land with limited residential development.

Development is prevented in the most sensitive areas by District ownership.  Some zoning restrictions on future development. Growth and development pressure in the area is moderate. 
	Moderate

Low-Moderate

Low-Moderate

Low-Moderate

	Shoreland
	Lake Classification

Soils 

Activities Posing a Threat 

Potential for Future Threats

Overall 
	Mesotrophic

Erodible soils east of the pond, but area undeveloped.  

Runoff and erosion from trails and accessways.

Future shoreland development is prohibited by District ownership. 


	Low-Moderate

Low

Low-Moderate

Low

Low

	Intake
	Raw Water Quality

Ownership/Control

Activities Posing a Threat

Potential for Future Threats

Overall
	Recent pond quality is acceptable for treatment.  Thermocline affects raw water quality.  Periodic cold-water algae blooms.  

District owns shoreline at intake.   

On-water recreation prohibited.

Non-point source erosion and nutrient addition from the watershed could affect water quality.
	Moderate

Low

Low

Low-Moderate

Low-Moderate

	Overall
	
	
	Low-Moderate


Cobbossee Lake:  The SWAP assessment factors indicate that the overall susceptibility of the water quality in Cobbossee Lake is moderate-high.  This conclusion is based on the general conditions observed, current activity and potential for future activity in the watershed and historical and recent water quality data.  Specific factors considered in assessing the overall risk to Cobbossee Lake are summarized in Table 3B.

TABLE  3B

COBBOSSEE LAKE SURFACE WATER ASSESSMENT

	Zone
	Measure
	Findings
	Risk Level

	Watershed
	Ambient Water Quality

Existing Conditions

Future Development

Overall
	Class GPA, threatened for trophic stability, in only partial compliance for aquatic life and contact. Elevated phosphorous and low oxygen below thermocline.

Watershed includes agricultural, residential and commercial development.

 Minimal restriction on future development.  Route 202 corridor desirable for commercial growth. Growth and development pressure in the area is moderate.  CWD active in encouraging BMPs for new development. 
	High

Moderate

Moderate

Moderate

	Shoreland
	Lake Classification

Soils 

Activities Posing a Threat 

Potential for Future Threats

Overall 
	Eutrophic

Erodible soils present in several shorefront areas.  Gravel roads near the shoreline that pose an erosion risk.  CWD assists in road improvements.  

Runoff and erosion from roads and exposed soil, septic systems and associated shorefront residential activity.

Local shoreland zoning is variable from town to town, therefore few restrictions on future shoreland development. 


	High

Moderate

Low-Moderate

Moderate

Moderate

	Intake
	Raw Water Quality

Ownership/Control

Activities Posing a Threat

Potential for Future Threats

Overall
	Lake water quality includes elevated phosphorous, low oxygen and algae blooms.

District owns minimal land near intake, development is moderate to high density.

Intake subject to boat-related turbidity.   Significant level of development and recreational activity near the intake.

Moderate future development potential near the intake. Continued high level of activity near Route 202.
	High

High

Moderate-High

Moderate

Moderate-High

	Overall
	
	
	Moderate-High


5.2   Recommendations  

The overall ranking for the susceptibility of Carleton Pond to threats of contamination is low to moderate.   The Water District owns a significant portion of the watershed to protect water quality.  Development on privately owned land is generally low-density.  The Water District also has an active outreach program to assist agricultural landowners in the watershed with improvements to erosion control.  However, water in the pond exhibits some nutrient enrichment and regular seasonal stratification.  While water quality appears to have been generally stable over the past 15 to 20 years, small changes in water quality indicate that both sources are susceptible to current conditions and future changes in the watershed.  This susceptibility suggests that active watershed management is important to minimize the deterioration in water quality.  Several additional actions could be considered by the Water District and the towns of Winthrop and Readfield to provide added protection to the quality of the Water District’s primary source for the future.

· The Water District should continue its efforts to acquire and conserve land in the watershed.  The District should also encourage the Town of Readfield and non-profit organizations to conserve additional land in the northern part of the watershed.

· Current land use patterns, water quality data and observations by Water District staff suggest that the pond is most threatened by soil erosion and nutrient enrichment.  The Water District should continue or expand its program of identifying potential sources of soil erosion and work with the towns and private landowners to mitigate erosion-prone areas in the watershed.

· Water quality from Carleton Pond shows significant phosphorous enrichment of the deepest portions of the pond.  Trophic state data from 1996 to 1998 exhibited an increase in comparison to previous years.  Based on this information, it appears that the pond is potentially susceptible to declining water quality in the future.  The Water District should regularly monitor water quality in the pond to track quality trends.  This could be done directly by the Water District or through the Cobbossee Watershed District.  

· The Water District should consider strengthening its collaboration with the Cobbossee Watershed District (CWD).  Close collaboration provides the Water District with the benefits of CWD’s expertise and historical experience with Carleton Pond and lakes throughout the area.  It also engages the Water District in regional planning that will benefit its Cobbossee Lake supply.

· The general development pressure in the Winthrop and Readfield areas is moderate and, based on the current zoning, there is a potential for increased future development of the watershed in Readfield.  The Water District should consider working with Readfield to develop a watershed overlay zoning district to control future development and complement the District’s program of land conservation.

The overall ranking for the susceptibility of Cobbossee Lake to threats of contamination is moderate to high.   The lake has historically been a recreational resource to the area, with minimal use or management as a water supply.  As a result, there have been few restrictions on development of the watershed.  The area near the intake has been developed with mixed residential and commercial uses along Route 202.  Since its establishment, the Cobbossee Watershed District has played a significant role in identifying land use practices that have the potential to degrade water quality in lakes and ponds throughout the region, including Cobbossee Lake.  The CWD has also taken the lead in outreach to the towns in the watershed regarding land use planning and instituting specific controls to reduce the impact of current development on water quality in Cobbossee Lake.  Should the Water District desire to increase its use of Cobbossee Lake, it may be most efficient to work closely with the CWD to support ongoing watershed management and plan for additional protections to accelerate the improvement and long-term protection of water quality.

APPENDIX A

SWAP ASSESSMENT GUIDELINES

MAINE PUBLIC DRINKING WATER 

SOURCE WATER ASSESSMENT PROGRAM

AUGUSTA WATER DISTRICT 

CARLETON POND AND COBBOSSEE LAKE WATERSHED
APPENDIX A

ASSESSMENT GUIDELINES

	Assessment Item/Threat
	Low
	Moderate
	Significant

	Physical Characteristics of the Watershed

     Watershed boundary, area

     Area of water body 

     Tributaries

Watershed topography

Wetlands

Water body depth

Sand and gravel aquifers

Soil types (erodibility and slope)
	smaller

smaller

few

low

many

deep

few

low
	>>

>>

>>

moderate

>>

>>

some

moderate
	larger

larger

many

steep, rugged

few

shallow

many

high

	Raw Water Quality

Secchi Disk Transparency

Turbidity

pH

Phosphorus

Pesticides and herbicides

Color

Total Coliform and E Coli

Dissolved Oxygen

Temperature

VOCs

Chlorophyll-a

Total Organic Carbon
	> 8 M

< 1 NTU

6.5-8.5

< 10 ppb

ND

< 5

> 29/100 ml

>7 mg/L

ambient

absent

< 2 ppb

< 4 mg/L
	4-8 M

< 5 NTU

N/A

< 20 ppb

N/A

5-15

occasional

5-7 mg/L

N/A

2-6 ppb

4-8 mg/L
	< 4 M

> 5 NTU

< 6.5 or > 8.5

> 30 ppb

detected

> 15

> 142/100 ml

< 5 mg/L

> 10o C ambient

detected

> 6 ppb

> 8 mg/L

	Potential Contamination Source Inventory

UST/AST leak sites

Municipal/Comm/Special Landfill

Compost sites

Demolition debris sites

Ash/septage storage/utilization

Superfund site

Sand/salt storage sites

Petroleum spill sites

Hazardous waste sites

Wastewater treatment facilities

Food residuals utilization sites

Uncontrolled hazardous sites

Tank farms

Industrial complexes


	Absent from

watershed or

actively monitored and controlled or fully remediated.
	Present in watershed, some operational deficiencies and/or remediation is underway. 
	Present and unmonitored and/or unremediated.


	Assessment Item/Threat
	Low
	Moderate
	Significant

	Potential Contamination Source Inventory 

     Non-point pollution sources

Transfer stations

Sludge utilization sites

Automobile graveyards

Engineered subsurface systems

Woodyards

Underground injection wells

Surface impoundments

Mining/mineral processing sites

Overboard discharges to rivers

Active UST sites

Roadways

Railroads

Utilities Rights-of-way

Boat launches

Commercial farms

CAFOs

Commercial forest operations

Private septic systems

Home heating oil tanks

Airports

Bathing beaches

Combined sewage overflows 
	If present, at low density, properly installed and operated.  In compliance with applicable local, state and federal regulations.
	>>>>
	High density, little evidence of active management, documented incidence of problems and failures.

	Land Uses and Zoning

Residential density

Percent of watershed 

     Owned by PWS

Public lands or conservation

Forested 

    With protective zoning

Agricultural

Impervious cover 

    Industrial/commercial 

Waterbody uses:

    Restricted areas

    Ice fishing

    Boating

    Swimming

    Recreational vehicles
	> 2 Ac/lot

total > 80% for all protected uses

< 20 % total

< 20 % total

< 20 % total

large, posted

limited to 

absent

 
	1-2 Ac/lot

intake and shoreland protected, others developed

20-30% total

20-30% total

20-30% total

intake zone

moderate, well-managed
	< 1 Ac/lot

critical areas

(intake, shoreland) unprotected or developed

> 30% total of 3

> 30% total of 3

> 30% total of 3

small to none

prevalent, uncontrolled

	Other Analyses

Trophic State Index

Vulnerability Index

Build-out Analysis
	< 25

low

fully developed


	25-60

moderate

>>>
	> 60 

high 

high potential for development
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