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SECTION I 
 

US EPA CLEAN LAKES PROGRAM – PHASE I DIAGNOSTIC 
FEASIBILITY STUDY 

 
1.0 - Executive Summary 
 
A Phase I diagnostic-feasibility study of Stephen Foster Lake was completed under Grant CL-
993029-01-0 from the U.S. EPA Clean Lakes Program.  The grant for the project was awarded 
on 10 May 1993 and all project elements were completed by 31 March 1996.  The Stephen 
Foster Lake Phase I study examined a variety of lake and watershed characteristics and resulted 
in the development of a management plan for the lake.  Some of the key findings and 
recommendations of the Stephen Foster Lake Phase I Study are summarized below. 
 
Conclusions: 
 
Algal blooms have occurred in Stephen Foster Lake since shortly after it was impounded.  These 
blooms have been increasing in recent years and have started to limit the recreational uses of the 
lake.  Severe oxygen depletion also occurs during the summer months. 
 
A bathymetric survey of the lake conducted on 21 July 1994 indicated that about 3.67 x 105 m3 
(296 acre-ft) of sediment, or 29 percent of the original lake volume, has accumulated in the lake 
since it was impounded in 1977.  Although this may be an upper limit to the amount of sediment 
deposition, continuing sedimentation is a concern. 
 
Almost 83 percent of the Stephen Foster Lake watershed is covered with either pasture or 
forested land.  Each of these land uses covers over 41 percent of the total watershed area.  Row 
crops cover about 16 percent of the land area.  About 1 percent of the watershed is developed, 
and lakes and ponds are the only other land use. 
 
Dissolved oxygen concentrations in Stephen Foster Lake frequently exceeded saturation levels in 
the surface waters during the summer months as a result of oxygen production during 
photosynthesis.  Dissolved oxygen depletion in the lake bottom waters began to occur in 
February, and dissolved oxygen concentrations were often less than 0.5 mg/L at depths of 3 m 
and below throughout the summer. 
 
Total suspended solids concentrations averaged 10 mg/L in the lake surface samples and 
increased with depth.  The total suspended solids concentrations in the stream samples were 
significantly higher in storm event samples than in normal runoff samples. 
 
The mean Secchi depths in Stephen Foster Lake was 1.2 m, which is relatively low.  Secchi 
depths of less than 2 m are generally indicative of eutrophic conditions and often are associated 
with severe algal blooms. 
 
Total phosphorus concentrations in Stephen Foster Lake were generally lowest during the winter 
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and spring, and increased significantly with depth during the summer stratification period.  The 
whole lake average total phosphorus concentration was 0.074 mg/L.  Total phosphorus 
concentrations were much higher in storm runoff samples than in runoff samples collected under 
normal flow conditions. 
 
Nitrate+nitrite-N concentrations at Stephen Foster Lake were variable, but the whole lake 
average concentration was a relatively low 0.279 mg/L.  Ammonia concentrations were 
generally low in the surface waters of Stephen Foster Lake, but increased significantly with 
depth.  Surface ammonia-N concentrations averaged 0.106 mg/L at Station 1, but the average 
increased to 1.24 mg/L for the bottom samples.  Total Kjeldahl nitrogen concentrations followed 
the same pattern of increasing concentration with depth as the ammonia-N concentrations, which 
is expected because ammonia is a component of total Kjeldahl nitrogen. 
 
The mean nitrogen to phosphorus ratios for Stephen Foster Lake were all greater than 16, which 
would indicate that phosphorus is usually the limiting nutrient; however, the ratios were less than 
7 on several sampling dates.  The occasionally low nitrogen to phosphorus ratios indicate that 
nitrogen became limiting on some dates. 
 
Nutrient concentrations in the Stephen Foster Lake sediments were relatively low and were 
typical of sediments and soils in the mid-Atlantic region.  Several heavy metals were detected, 
but all were present at low levels.  All pesticide and PCB concentrations were below analytical 
detection limits.  Nothing detected in the sample would present a problem with sediment 
disposal for a dredging project. 
 
Chlorophyll a concentrations in Stephen Foster Lake were above 40 g/L on six of the fifteen 
sampling dates.  Algal blooms occurred throughout the year, and the average chlorophyll a 
concentration during the study period was 28.26 g/L, which is well above concentrations 
associated with nuisance algal blooms in lakes. 
 
Large algal blooms plagued Stephen Foster Lake during the spring and summer, as well as 
during part of the fall.  The algal group responsible for these blooms is the cyanobacteria (also 
known as blue-green algae), most notably Aphanizomenon.  Generally speaking, cyanobacteria 
are an undesirable group of algae that are produce large blooms, create taste and odor problems, 
are responsible for water quality related allergic reactions, such as "swimmers ear", and produce 
neuro- and hepatotoxins. 
 
A macrophyte (aquatic weed) survey of Stephen Foster Lake was performed on 22 August 1994. 
 The only major concentration of submerged plants was found in the shallow area in the 
southwest corner of the lake, but some submerged plants were found in most areas less than 6 
feet (2 m) deep.  Emergent plants were present along about 30 percent of the lake shore.  Rooted 
aquatic macrophytes do not present major problems for recreational uses of Stephen Foster Lake 
at the present time.  Macrophyte growth occurs primarily as a fringe around the lake, with the 
maximum depth of plant growth apparently limited by light penetration. 
 
Stephen Foster Lake currently has one of the best bass fisheries in the Pennsylvania state park 
system.  The Stephen Foster Lake fishery is currently being managed on a self-sustaining basis, 
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and there are no plans for any major changes because of the current success of the system.  No 
pesticides or PCB's were present at concentrations above the analytical detection limits in fish 
tissue samples analyzed as part of the study. 
 
The total hydrologic load to Stephen Foster Lake is 1.25 x 107 m3/yr (10,140 acre-ft/yr).  Surface 
runoff accounts for 99.3 percent of the total water load to the lake.  Net precipitation and 
groundwater contribute 0.3 and 0.4 percent, respectively, of the total water load. 
 
Nutrient and sediment budgets for Stephen Foster Lake were calculated using both the unit areal 
loading (UAL) method, which is based on land use in the watershed, and actual data from the 
monitoring program.  Runoff from the watershed contributes approximately 80 percent of the 
total phosphorus load, 93 percent of the total nitrogen load and nearly all of the solids load to 
Stephen Foster Lake.  Animal wastes potentially contribute 11 percent of the annual phosphorus 
load and 4 percent of the annual nitrogen load.  Internal loading contributes about 8 percent of 
the total phosphorus load and less than 0.5 percent of the total nitrogen load.  Precipitation on the 
lake surface contributes about 0.5 percent of the phosphorus load and about 3 percent of the 
nitrogen load to the lake.  Groundwater supplies an insignificant amount of both phosphorus and 
nitrogen. 
 
Comparisons of monitoring data to trophic state criteria indicate that conditions in Stephen 
Foster Lake are in the eutrophic range for total phosphorus and chlorophyll a concentrations and 
in the hypereutrophic range for Secchi depth.  These results are consistent with overall 
observations of lake water quality. 
 
Modeling results indicate that it will be difficult to dramatically improve current lake conditions 
through phosphorus reductions alone.  Reductions in total phosphorus loadings of approximately 
75 percent would be required to change the lake trophic state from eutrophic to mesotrophic, 
based on the generally accepted total phosphorus concentration of 0.02 mg/L for eutrophic 
conditions.  Reductions in phosphorus loadings of about 35 percent would be required to reach a 
more realistic target phosphorus concentration of 0.050 mg/L. 
 
 
Recommendations 
 
Management activities for Stephen Foster Lake and its watershed can take one of two directions: 
 either the No Action alternative will be selected or an active lake and watershed management 
program will be initiated.  If the No Action alternative is selected, no formal management plan 
will be initiated and water quality in the lake can be expected to continue to deteriorate.  This 
initial components of the suggested active management program include implementation of 
agricultural BMP's, stream bank stabilization, installation of an artificial circulation system and 
periodic bottom withdrawals. 
 
Recommended agricultural BMP's for the Stephen Foster Lake watershed have a total cost of 
$518,720.  These BMP's will help control nutrient inputs for animal wastes, which contribute an 
estimated 10 percent of the annual phosphorus load) and 4 percent of the annual nitrogen load to 
the lake.  Implementation of agricultural BMP's would also help control erosion from other 
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agricultural activities to further reduce nutrient and sediment loadings to the lake.  These other 
activities, along with streambank stabilization, could conceivably control an additional 10 
percent of the total phosphorus load to Stephen Foster Lake. 
 
The stream survey conducted as part of this study identified over 4,520 feet (1.380 m) of eroding 
streambanks in the Stephen Foster Lake watershed.  Some additional eroding areas were noted 
but not quantified.  The total estimated cost of $361,600 for stabilizing the identified eroding 
streambanks is high, but may be justified because these areas have a high potential for 
contributing nutrients and sediments to the lake. 
 
The installation of an artificial circulation system should be considered for Stephen Foster Lake, 
unless personnel from Mt. Pisgah State Park determine that such a system is incompatible with 
other park uses.  An artificial circulation system would reduce internal phosphorus loading, 
which currently contributes an estimated 8 percent of the total phosphorus loading to the lake.  
The system should also minimize  the frequency and magnitude of cyanophyte blooms, and lead 
to higher populations of zooplankton, benthic macroinvertebrates and fish.  The estimated cost 
for the purchase and installation of an artificial circulation system is $48,000.  Annual operation 
and maintenance costs for the system would be approximately $6,600. 
 
The release of water from the bottom of Stephen Foster Lake during the summer months would 
provide an easy and inexpensive means of flushing nutrients and water with low dissolved 
oxygen concentrations from the lake.  Any such releases should only be made during periods of 
high flow, i.e., following storm events, to minimize potential adverse impacts on Mill Creek 
below the dam.  This activity can be conducted by personnel from Mt. Pisgah State Park.  No 
additional costs would be required unless an outside consultant was used to prepare the required 
permit. 
 
Extensive algal growth has been one of the major problems identified in Stephen Foster Lake.  
Bacterial inoculants have shown promise for control of these blooms and are worthy of 
evaluation.  The estimated cost for treating the whole lake is $10,500/year.  A more limited 
program, focusing on the area of the lake to the southwest of the inlet, could also be conducted 
for approximately $3,000 if funding is limited. 
 
Although it appears that sedimentation has filled a significant portion of the original volume of 
Stephen Foster Lake, an extensive dredging project is not recommended.  A selective dredging 
project may be considered at some future date if sedimentation begins to interfere with 
recreational uses of the lake.  The most likely target for a selective dredging program would be 
the forebay area to the west of SR 4015, where about 2 feet of sediment have accumulated, with 
a total volume of about 20,000 cubic yards.  The estimated total cost for a dredging project of 
this magnitude is $200,000. 
 
The continuing public education efforts conducted by the Bradford County Conservation District 
should be continued as part of the Stephen Foster Lake restoration project.  Costs for the public 
education program would be primarily associated with in-kind services provided by Bradford 
County Conservation District personnel.  Additional costs could be incurred for such activities as 
providing a permanent display at the park to inform park users of project goals and progress.  
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Total costs for the public education program were estimated to be $2,500 per year. 
 
A monitoring program for Stephen Foster Lake and its watershed is recommended to evaluate 
the results of proposed lake and watershed management activities.  The estimated annual cost for 
laboratory fees for the proposed monitoring program is $2,500.  It is assumed that lake and 
watershed sampling would continue to be performed by personnel from the Bradford County 
Conservation District or from Mt. Pisgah State Park.  The time spent by these personnel could be 
used to help meet any required match from funding agencies. 
 
The proposed restoration activities for Stephen Foster Lake and its watershed are all technically 
feasible and have been demonstrated to reduce sediment and nutrient loadings for lakes and 
watershed throughout the country.  The overall cost of the program, $943,020, is high, but this 
cost must be weighed against the potential loss of Stephen Foster Lake as a viable recreational 
asset for Mt. Pisgah State Park if the restoration project is not initiated.  Outside funding sources, 
such as the U.S. EPA Nonpoint Source (319) Program, cost-share programs administered by the 
NRCS and the FSA, the PaDCNR, Bureau of State Parks or the Pennsylvania Fish and Boat 
Commission should be contacted to determine the availability of funding for projects of this 
type. 
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1.1 - Introduction 
 
Project Background 
 
Stephen Foster Lake is a 78 acre lake located in Mt. Pisgah State Park, Bradford County, 
Pennsylvania.  The lake provides fishing and boating opportunities for park users.  The lake is 
one of the most popular features of the 1,302 acre park in the Endless Mountains region of 
Pennsylvania's Northern Tier. 
 
Mt. Pisgah State Park has a varied list of recreational opportunities during every season of the 
year.  In addition to the fishing and boating provided by the lake, the park offers picnic areas, a 
swimming pool, hiking trails, an exercise trail, hunting, snowmobiling and ice skating.  An 
environmental education center at the park includes displays on the history of the region and 
other interpretive information.  The park is used by approximately 100,000 people each year. 
 
Existing water quality problems in the lake include extensive algal blooms, low hypolimnetic 
dissolved oxygen concentrations and localized sedimentation.  Nonpoint source runoff from the 
surrounding watershed is the primary pollutant source.  Agricultural operations and stream bank 
erosion were identified as the most significant sources of both nutrients and siltation. 
 
Because of the local interest in existing water quality problems, the Bradford County 
Conservation District submitted an application for a Phase I Diagnostic-Feasibility Study of 
Stephen Foster Lake to the U.S. EPA Clean Lakes Program on 30 November 1992.  The U.S. 
EPA, Region III awarded Grant CL-993029-01-0 to the Bradford County Conservation District 
on 10 May 1993 to fund the Phase I Study.  The Bradford County Conservation District issued a 
Request for Qualifications in June 1993 for potential project consultants to manage the study.  
Coastal Environmental Services, Inc. (Coastal) was selected as the project consultant and 
received a contract for the project in November 1993.  The Study was completed in 1996. 
 
The Phase I study developed for Stephen Foster Lake was designed to quantify the impacts of 
nonpoint source nutrient and silt runoff on Stephen Foster Lake and to develop a lake and 
watershed management plan that can be used as a model for the developing interests in 
conservation and lake management in Bradford County, as well as throughout the Chesapeake 
Bay watershed.  The Bradford County Conservation District is leading lake management efforts 
in the area and helped form the Bradford County Pond/Lake Management Organization in 1992. 
 That organization now has a mailing list of over 400 interested lake owners and users. 
 
A Work/Quality Assurance Project Plan for the Stephen Foster Lake Phase I Study was 
developed prior to the initiation of field monitoring activities.  The work plan was submitted to 
the U.S. EPA on 24 November 1993 and received verbal approval from the U.S. EPA on 4 May 
1994.  The work plan was designed according to the requirements of Appendix A of 40 CFR Part 
35, "Guidance for Diagnostic-Feasibility Studies," to meet the study objectives.  The tasks which 
were carried out to meet the study objectives are listed in Table 1.1, which also lists project 
costs. 
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Table 1.1.1 - Task Descriptions and Budget for the Stephen Foster Lake Phase I Study 
 

Task Costs 

 Cash In-Kind 

1 - Development of a Detailed Work Plan $1,180 $240 

2 - Study of Lake and Watershed Characteristics $760 $800 

3 - Lake Monitoring Program $9,100 $2,950 

4 - Watershed Monitoring Program $5,120 $1,160 

5 - Data Analysis and Development of Annual Pollutant Budgets $4,160 $1,560 

6 - Evaluation of Restoration Alternatives $1,720 $1,380 

7 - Development of a Lake and Watershed Management Program $2,740 $2,090 

8 - Public Education Program $2,480 $2,800 

9 - Project Documentation $6,760 $1,600 

Total Project Costs $34,020 $14,580 
 
Mr. Michael Lovegreen of the Bradford County Conservation District was the Project Manager 
for the Stephen Foster Lake Phase I Study.  Coastal had primary responsibilities for ensuring that 
the work plan was followed to meet project objectives and for preparing project reports.  Mr. 
Lovegreen and Mr. Richard Gulyas performed most of the field work required for the study, and 
Friend Laboratories, Inc. (FLI), Waverly, New York performed most of the laboratory analyses 
for the project under a separate contract with the Bradford County Conservation District.  
Coastal personnel performed the phytoplankton and zooplankton analyses for the study, and Dr. 
Gregory Boyer of the State University of New York, College of Environmental Science and 
Forestry performed the chlorophyll a analyses. 
 
The Phase I Study led to the development of a restoration and management plan for Stephen 
Foster Lake that served as the blueprint for the protection and enhancement of the lake.  The 
restoration and management plan was developed to fulfill the needs and requirements of the 
Bradford County Conservation District, the Pennsylvania Department of Environmental 
Protection (PaDEP) and the U.S. EPA.  Comments from area residents were carefully considered 
in the development of the management plan following an extensive public education and 
involvement program conducted by the Bradford County Conservation District. 
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1.2 - Purpose and Objectives of this Study 
 
The purpose of this study is to revise the Restoration and Management Plan for Stephen Foster 
Lake and Mill Creek.  The original Restoration and Management Plan, which was conducted as 
part of the Phase I Clean Lake Diagnostic / Feasibility Study, was developed in the mid 1990s.  
Since that time substantial implementation of best management practices on identified non-point 
sources of pollution has occurred throughout the Mill Creek watershed.  In addition, two 
Implementation programs funded through PA DEP / EPA 319 funding and PA DEP Growing 
Greener funding have been completed to improve the water quality conditions of both the lake 
and creek.  Finally, a phosphorus TMDL was developed for Stephen Foster Lake in the early 
2000s by the Pennsylvania Department of Environmental Protection (PADEP).  Given all the 
changes and projects that have occurred in the Mill Creek watershed over the last decade, an 
assessment of the original Restoration and Management Plan was required.  In order to 
accomplish this, the following objectives are addressed in this document: 
 

1. Review and document the positive impacts exerted by the two previously completed 
implementation projects. 

2. Incorporate recently collected water quality data into the long-term database of 
Stephen Foster Lake / Mill Creek 

3. Evaluate the relative feasibility and quantify the percent pollutant removal rates of the 
BMPs that will be implemented in the upcoming Implementation Project. 

4. Evaluate the relative feasibility and quantify the percent pollutant removal rates of the 
in-lake BMPs that will be recommended as part of the long-term Implementation 
Plan. 

 
In addition to these objectives, the estimated percent pollutant removal capacities of the BMPs 
will be compared to the existing and targeted annual pollutant loads, as estimated in a revised 
TMDL analysis conducted by US EPA.  US EPA recently finalized the TMDL analysis with the 
use of the ArcView Generalized Watershed Loading Functions (AVGWLF) model. In addition, 
US EPA used the Pollution Reduction Impact Tool (PRedICT) software to quantify the 
effectiveness of different pollution strategies, such as agricultural and urban Best Management 
Practices (BMPs).  
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1.3 - Lake and Watershed Characteristics 
 
Stephen Foster Lake is located in Mt. Pisgah State Park, Bradford County, Pennsylvania.  The 
lake was created in 1977 by the construction of a 14 m high earth and rockfill dam across Mill 
Creek.  Most of the lake's watershed is located in Springfield Township, while the park and other 
land adjacent to the lake is located in West Burlington Township.  A small portion of the 
watershed is located in Smithfield Township.  The lake and surrounding park are used by 
residents of northern Pennsylvania and southern New York.  The coordinates of the lake are 76� 
39' 43" west longitude and 41� 48' 22" north latitude. 
 
1.3.1 - Lake Characteristics 
 
Surface water enters the lake primarily through Mill Creek and from immediate drainage from 
the park land surrounding the lake.  The discharge is to Mill Creek, which flows into Sugar 
Creek and eventually enters the Susquehanna River. 
 
Characteristics of Stephen Foster Lake and its watershed are summarized in Table 2.1.  The lake 
surface area and watershed area were taken from measurements made during this study from 
USGS topographic maps of the area and a watershed delineation provided by the Bradford 
County Conservation District; a geographic information system (GIS) was used to calculate 
areas.  These values differ from those in reported in the Mt. Pisgah State Park Management 
Manual (PaDER, 1986).  It appears that the watershed area reported in that document included a 
greater portion of the Mill Creek watershed than that which is actually included in the Stephen 
Foster Lake watershed.  The lake surface area is close to previous reports, with possible 
differences arising from changes in lake elevation or the portion of the forebay area included in 
surface area calculations. 
 

Table 1.3.1 - Morphometric and Hydrologic Characteristics of Stephen Foster Lake 
 

Parameter Value 

Lake Surface Area 70.2 acres (28.4 hectares) 

Watershed Area 6,577 acres (2,661 hectares) 

Mean Depth 10.3 ft (3.14 m) 

Maximum Depth 30 ft (9.1 m) 

Lake Volume 724 acre-ft (8.93 x 105 m3) 

Mean Discharge 10,100 acre-ft/yr (1.25 x 107 m3/yr) 

Hydraulic Residence Time 0.071 yr (26 days) 

Flushing Rate 14 times/yr 
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Watershed Area/Lake Surface Area 93.7 to 1 
Mean discharge was determined from the lake hydrologic budget calculated during this study 
(see Section 4.1).  Values for mean depth, hydraulic residence time, flushing rate and watershed 
to lake surface area ratios were derived from the other parameters. 
 
Lake Uses 
 
Stephen Foster Lake is used for fishing, boating, ice fishing and ice skating.  Mt. Pisgah State 
Park surrounds the lake and is used for picnicking, hiking, hunting, snowmobiling and other 
activities.  The park is open all year and draws about 100,000 visitors annually; actual use since 
1980 is shown in Table 2.2.  New facilities at the park were designed to provide access for 
handicapped individuals.  Figure 2.1 summarizes available park activities. 
 

Table 1.3.2 - Mt. Pisgah State Park Attendance 
 

Year Attendance 

1980 138,818

1981 104,181

1982 97,940

1983 112,302

1984 94,417

1985 110,682

1986 92,675

1987 107,692

1988 111,350

1989 99,890

1990 97,294

1991 92,288

1992 78,668

1993 108,571

1994 81,877

1995 99,292
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Public Access 
 
Mt. Pisgah State Park is only two miles north of U.S. Route 6, the major road through the 
Northern Tier.  Secondary roads from the villages of East Troy (SR 4015) and West Burlington 
(SR 3019) provide access to the park. 
 
There are several other lakes in the area, but Stephen Lake is the most heavily used by area 
residents.  Other public lakes located within an 80 km (50 mile) radius of Stephen Foster Lake 
with similar recreational facilities are listed in Table 1.3.3. 
 

1.3.3 - Public Lakes Within 80 km (50 miles) of Stephen Foster Lake 
 

Lake Name Approximate Distance (miles) 

Mountain Lake 4.5 

Lake Ondawa 5.5 

Lake Wesauking 12 

Spring Lake 16 

Hills Creek State Park 40 

Lake Jean 50 
 
Lake User Characteristics 
 
Stephen Foster Lake is used by residents of Bradford County, north-central Pennsylvania and 
southern New York.  Bradford County has a population of 60,967 and Springfield Township, 
which includes most of the Mill Creek watershed, has a population of 1,118.  West Burlington 
Township, which includes the lake and Mt.Pisgah State Park, has a population of 417 (Northern 
Tier Regional Planning and Development Commission, 1991).  The county is rural by definition 
and includes no true urban centers.  Bradford County has the Pennsylvania metropolitan areas of 
Wilkes-Barre/Scranton situated to the southeast and Williamsport to the southwest.  The New 
York metropolitan areas of Elmira and Binghamton are located to the northwest and northeast, 
respectively, of Bradford County. 
 
Bathymetric Analysis 
 
The current volume of Stephen Foster Lake was calculated from a bathymetric survey performed 
by Coastal personnel on 21 July 1994.  A global positioning system (GPS) was used to determine 
locations of transects and point measurements in the survey.  A recording fathometer was used to 
determine water depths along the transects in water more than 4 feet (1.2 m) deep, and a 
calibrated rod was used to determine depths at several additional locations in shallower areas.  A 
Geographic Information System (GIS) was used in conjunction with programs developed by 
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Coastal that integrate depth and locational data to develop a current bathymetric map for Stephen 
Foster Lake (Figure 2.1).  The bathymetric survey indicated the current lake volume and mean 
depth were 8.92 x 105 m3 (723 acre-ft) and 3.14 m (10.3 ft), respectively.  The maximum depth is 
approximately 9.1 m (30 ft) near the dam. 
 
As-built plans were not available to determine the original lake volume.  The volume calculated 
from the lake surface area of 31.6 ha and mean depth of 4 m reported by the PaDER (1986) is 
1.26 x 106 m3 (1,020 acre-ft).  Comparison of this volume with results from the current 
bathymetric survey of Stephen Foster Lake indicates that about 3.67 x 105 m3 (296 acre-ft) of 
sediment, or 29 percent of the original lake volume, has accumulated in the lake since it was 
impounded in 1977.  This figure may over-estimate actual sediment accumulation, however, 
because the surface area reported by the PaDER (1986) is greater than that used to develop the 
lake volume during the current study.  In addition, the mean depth reported by the PaDER was 
exactly half of the maximum depth, which would require that the lake basin be perfectly 
rectangular.  As a result, the calculated volume of sediment accumulation is probably in error 
and, at best, represents an upper limit to the amount of sediment deposition which has occurred. 
 
Impaired Uses 
 
Algal blooms have occurred in Stephen Foster Lake since shortly after it was impounded.  These 
blooms have been increasing in recent years and have started to limit the recreational uses of the 
lake. 
 
Siltation is a problem near the lake inlet.  No provisions for sediment control were provided 
when the lake was impounded, although the forebay area at the lake inlet to the west of SR 4015 
is serving as a sediment trap.  Siltation is expected to interfere with access unless steps are taken 
to control sediment inputs to the lake. 
 
 
1.3.2 - Watershed Characteristics 
 
The Stephen Foster Lake watershed is located in the glaciated Low Plateaus Section of the 
Appalachian Plateaus Province.  The watershed encompasses a total area of approximately 6,647 
acres (2,690 hectares), including the lake surface area.   
 
Topography 
 
The topography of the area is generally one of flat-topped mountains and hills dissected by 
steep-sided stream valleys.  The average slope in the Mill Creek watershed is 13.6 percent.  The 
lake surface elevation is 1,080 ft (330 m) above mean sea level, and the highest point in the 
watershed is Mt. Pisgah, with an elevation of 2,260 feet (689 m) above mean sea level. 



 

 

 
 
 22

Figure 1.3.1 - Stephen Foster Lake Existing Bathymetry 
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Geology 
 
Surface deposits in Bradford County are primarily till and outwash left during the Wisconsin Ice 
Age.  Till includes unstratified deposits of fine impure clay containing unsorted stones of all 
sizes and shapes that were placed by moving ice or dropped directly by melting ice and were not 
sorted by running water.  Outwash deposits consist of clay, sand, "quicksand" and gravel that 
were sorted by running water and deposited by streams or in lakes. 
 
Geological formations underlying the Stephen Foster Lake watershed are Upper Devonian age 
rock of the Susquehanna Group, which comprises the Oswayo Formation.  This formation 
consists primarily of fine-grained and medium-grained sandstone, with some shale and scattered 
calcareous lenses. 
 
Soils 
 
Soils in most of the Stephen Foster Lake watershed belong to the Morris-Oquaga-Wellsboro 
Association.  Soils in this association are deep and moderately deep, sloping to steep, somewhat 
poorly drained to somewhat excessively drained soils that were formed in glacial till derived 
from shale, sandstone and siltstone.  These soils are located primarily on narrow hillsides and 
hilltops.  The northern part of the watershed includes soils belonging to the Volusia-Mardin-
Lordstown Association.  Soils in this association are deep and moderately, sloping to steep, 
somewhat poorly drained to excessively drained soils that were also formed in glacial till derived 
from shale, sandstone and siltstone.  These soils are located primarily on broad hillsides and 
hilltops.  Some key characteristics of soils found in the Stephen Foster Lake watershed are 
summarized in Table 2.4. 
 
Land Use 
 
Land use in Bradford County was determined as part of the Chesapeake Bay Watershed 
Assessment in 1989.  Aerial photographs of the county were digitized to determine land use in 
each category.  Information from this previous study was updated and verified by the Bradford 
County Conservation District in 1994 as part of the Stephen Foster Lake Phase I Study.  The 
revised information was digitized into a GIS, which was used to develop a current land use for 
the Stephen Foster Lake watershed.  Land uses and associated areas are summarized in Table 
2.5, and the land use map is included as Figure 2.2. 
 
Almost 83 percent of the Stephen Foster Lake watershed is covered with either pasture or 
forested land.  Each of these land uses covers over 41 percent of the total watershed area.  Row 
crops cover about 16 percent of the land area.  Only about 1 percent of the watershed is 
developed, and lakes and ponds are the only other land use. 
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Table 1.3.4 - Properties of Soils in the Stephen Foster Lake Watershed
 

Soil Type - Symbol Surface 
Permeability 

(in/hr) 

Erosion 
Hazard 

Depth to 
Seasonal High 

Water Table (ft) 

Septic Tank 
Absorption Field 

Suitability 

  Arnot very channery loam, rocky, 
 3-15% slopes - ArC 

0.2 to 2.0 Slight >3.0 Severe 

  Chenango gravelly loam, 0-8% slopes - CnB 0.6 to 6.0 Slight >6.0 Severe 

  Chippewa silt loam 
 0-3% slopes - CpA 
 3-8% slopes - CpB 

0.6 to 2.0 Slight 0 to 0.5 Severe 

  Dystochrepts, deep-Wellsboro-Oquaga 
 association, steep - DyF 

--*    -- -- --

  Holly soils - Ho 0.6 to 2.0 Slight 0 to 0.5 Severe 

  Lordstown channery silt loam 
 3-8% slopes - LoB 
 8-15% slopes - LoC 
 15-25% slopes - LoD 

0.6 to 2.0 Slight >6.0 Severe 

  Mardin channery silt loam 
 3-8% slopes - MaB 
 8-15% slopes - MaC 
 15-25% slopes - MaD 

0.6 to 2.0 Slight 1.5 to 2.0 Severe 

  Mardin very stony silt loam 
 3-8% slopes - MbB 
 8-25% slopes - MbD 

0.6 to 2.0 Slight 1.5 to 2.0 Severe 

  Medisaprists, ponded - Md -- -- -- -- 
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Table 1.3.4 - Properties of Soils in the Stephen Foster Lake Watershed (Continued) 

 

Soil Type - Symbol Surface 
Permeability 

(in/hr) 

Erosion 
Hazard 

Depth to Seasonal 
High Water Table 

(ft) 

Septic Tank 
Absorption Field 

Suitability 

  Morris channery silt loam 
 3-8% slopes - MoB 
 8-15% slopes - MoC 

0.6 to 2.0 Slight 0.5 to 1.0 Severe 

  Morris very stony silt loam 
 3-8% slopes - MsB 
 8-25% slopes - MsD 

0.6 to 2.0 Slight 0.5 to 1.0 Severe 

  Oquaga channery silt loam 
 0-3% slopes - OgB 
 3-8% slopes - OgC 
 8-15% slopes - OgD 

0.6 to 2.0 Slight >6.0 Severe 

  Pope soils - Po 0.6 to 2.0 Slight >6.0 Severe 

  Rexford silt loam, 0-3% slope - ReA 0.6 to 2.0 Slight 0 to 1.5 Severe 

  Udifluvents, cobbly -Uc -- -- -- -- 

  Volusia channery silt loam 
 3-8% slopes - VoB 
 8-15% slopes - VoC 

0.6 to 2.0 Moderate 0.5 to 1.5 Severe 

  Wellsboro channery silt loam 
 3-8% slopes - WbB 
 8-25% slopes - WbC 
 15-25% slopes - WbD 

0.6 to 2.0 Slight 1.5 to 3.0 Severe 

  Wyoming gravelly sandy loam 
 3-8% slopes - WmB 

6.0 to 20 Slight >6.0 Severe 

*Not available or not rated. 
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Table 1.3.5 - Land Use in the Stephen Foster Lake Watershed 

 

Land Use Area 

 Acres Hectares Percent of Total 

  Pasture 2,734 1,106 41.6

  Forested 2,710 1,097 41.2

  Row Crops 1,045 423 15.9

  Developed 64 26 1.0

  Lakes and Ponds 24 10 0.4

  Total Land Area 6,577 2,661 100.0
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Figure 1.3.2 - Stephen Foster Lake Watershed Land Use 
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1.4 - Limnological Survey 
 
A comprehensive limnological survey of Stephen Foster Lake was conducted as part of the 
Phase I study.  Lake, stream, sediment, well water and fish tissue samples were collected 
between June 1994 and August 1995. 
 
1.4.1  Monitoring Program 
 
Lake Sampling Program 
 
Lake water samples were collected by Mr. Michael Lovegreen and Mr. Richard Gulyas of the 
Bradford County Conservation District from one location in the deepest part of the lake near the 
dam (Station 1), and at a second location in the upstream reaches of the lake (Station 2).  
Personnel from Mt. Pisgah State Park assisted with the sampling effort.  Lake water samples 
were delivered to Friend Laboratories, Inc. (FLI), Waverly, New York for analysis.  Locations of 
all lake and watershed sampling stations are shown in Figure 1.4.1, and coordinates of those 
stations are provided in Table 1.4.1. 
 

Table 1.4.1 - Coordinates for Lake and Watershed Sampling Stations 
 

 Sampling Station  Latitude  Longitude 

 Station 1 (Dam)  76� 39' 43.3"  41� 48' 21.9" 

 Station 2 (Upper Lake)  76� 39' 59.8"  41� 48' 9.2" 

 Sediment  76� 40' 10.6"  41� 48' 11.6" 

 Inlet  76� 40' 21.1"  41� 48' 22.2" 

 Outlet  76� 39' 29.3"  41� 48' 20.7" 

 Pisgah Creek  76� 41' 1.9"  41� 48' 39.1" 

 Mill Creek #1  76� 41' 3.3"  41� 48' 47.6" 

 Mill Creek #2  76� 41' 38.5"  41� 49' 45.9" 

 Mill Creek #3  76� 43' 0.3"  41� 51' 17.4" 
 
 
Lake water quality samples for the Stephen Foster Lake Phase I Study were collected bimonthly 
in July, August and September 1994.  Monthly samples were collected in June, October and 
November 1994, and from February through July 1995.  No lake samples were collected in either 
December 1994 or January 1995 because of unsafe ice conditions. 
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Figure 1.4.1 - Stephen Foster Lake Sampling Stations 
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On each sampling date, in situ profile measurements of temperature and dissolved oxygen were 
made using a YSI Model 55 Oxygen Meter.  Measurements were recorded at 1 meter intervals 
from the surface to the bottom at both lake stations.  Secchi disk transparency was measured at 
the dam Station 1).  Surface (0.5 m depth) grab samples were collected at Stations 1 and 2.  In 
addition, a Kemmerer water sampler was used to collect discrete water samples from the middle 
(3 to 5 m) and bottom (7 to 9 m) of the water column at Station 1.  The conductivity and pH of 
each water sample were measured in the field as the samples were collected.  Conductivity and 
pH were measured using an Oakton portable conductivity wand and a Cole-Parmer pHTestr2. 
 
Water samples were poured directly into the laboratory prepared containers for subsequent 
analyses of total phosphorus, ammonia nitrogen, total Kjeldahl nitrogen, alkalinity and total 
suspended solids.  A separate aliquot was field filtered immediately after collection, then poured 
directly into the laboratory prepared containers, for analyses of soluble orthophosphate and 
nitrate+nitrite nitrogen (NO3

-+NO2
--N).  All samples were immediately placed in coolers and 

chilled to approximately 4�C prior to delivery to FLI.   
 
A composite sample was collected from the photic zone (approximately 1.5 times the Secchi 
depth) at Station 1 for phytoplankton and chlorophyll a analyses.  Samples for chlorophyll a 
analyses were collected on each sampling date, and samples for phytoplankton analyses were 
collected on each sampling date between 8 June and 30 November 1994.  The phytoplankton 
samples were immediately preserved with Lugol's solution and stored in the dark.  Samples for 
chlorophyll a analyses were filtered in the field, placed on ice, and subsequently frozen prior to 
shipment to Dr. Gregory Boyer at the State University of New York College of Environmental 
Science and Forestry for analysis. 
 
Zooplankton samples were collected from Station 1 on each sampling date between 8 June and 
28 September 1994.  Six vertical tows over the entire depth of the water column were made 
using a standard plankton net (153� mesh).  The samples were concentrated in the collection 
bottle, then washed into a sample container using sucrose-formaldehyde preservative (Prepas, 
1978) and stored in the dark.  The preserved phytoplankton and zooplankton samples were 
shipped to Dr. Fred Lubnow in Coastal's Princeton Office for identification and enumeration.  
 
A composite sediment sample was collected on 23 August 1995 from the forebay area to the 
west of SR 4015 to assist in the evaluation of dredging as a lake management alternative.  Three 
cores, ranging in length from 8" to 12" (0.2 to 0.3 m) were collected with a plexiglass core tube, 
composited, placed in laboratory prepared containers in a cooler, and delivered to ECM 
Laboratory, Neshanic Station, New Jersey  for the analysis of solids (total and volatile), particle 
size distribution, nutrients (total phosphorus, total Kjeldahl nitrogen, nitrate-N and nitrite-N), 
heavy metals (As, Cd, Cr, Cu, Pb, Hg, Ni, Se and Zn) and pesticides/PCB's. 
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One pumpkinseed (Lepomis gibbosus) and one brown bullhead (Ameiursus nebulosus) were 
collected with a rod and reel from Stephen Foster Lake for fish tissue analyses in August 1995.  
The whole fish were wrapped in aluminum foil, frozen and delivered frozen to MVTL 
Laboratories, New Ulm, Minnesota.  The lab weighed and measured each fish before grinding 
them separately for analysis.  The fish tissue samples were analyzed for chlorinated 
pesticides/PCB's.  Results of sediment and fish tissue analyses are included in Appendix C. 
 
An aquatic macrophyte survey of Stephen Foster Lake was conducted on 22 August 1994 to 
determine species composition and to estimate the extent of macrophyte coverage in Stephen 
Foster Lake.  Plants were identified and approximations of total shoreline coverage and total 
surface area coverage were made. 
 
Watershed Sampling Methods 
 
Water quality analyses for stream samples were included as part of the sampling program.  The 
locations of the stream sampling sites are also shown in Figure 3.1.  Stream samples were 
collected from each station on six occasions, three under normal flow conditions and three 
during or immediately after storm events, between June 1994 and July 1995. 
 
Storm event samples were composited from discrete grab samples collected at regular intervals 
during the storm.  The discrete samples were placed in a cooler and chilled to 4�C.  At the 
conclusion of the storm event, the discrete samples were volumetrically composited and 
delivered to FLI.  During dry weather sampling periods, discrete grab samples were manually 
collected at the each stream site, placed in a cooler and chilled to 4�C prior to delivery to FLI.  
Stream samples were routinely analyzed for total phosphorus, total nitrogen (TKN plus 
nitrate+nitrite nitrogen), total suspended solids, pH and conductivity. 
 
Regular rain gauge readings were made to assist with the evaluation of water quality data.  The 
rain gauge was located at the Stephen Foster Park Office, on the north side of the lake.  In 
addition, a rainfall sample was collected on 08 March 1995 in a bucket lined with a plastic bag to 
provide an indication of atmospheric pollutant inputs specific to the Stephen Foster Lake 
watershed.  Collected rain water was poured into laboratory prepared sample containers 
immediately following the storm event, placed in a cooler and chilled to 4�C prior to delivery to 
FLI.  The rain sample was analyzed for total phosphorus, total nitrogen, and total suspended 
solids. 
 
The park well was sampled on 22 August 1994 to provide an indication the importance of 
groundwater nutrient inputs to the lake.  The well was purged, and well water was pumped into 
laboratory prepared sample containers, placed in a cooler and chilled to 4�C prior to delivery to 
FLI.  The well sample was analyzed for total phosphorus, and nitrate+nitrite-N, total Kjeldahl 
nitrogen and total nitrogen. 
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1.4.2 - Chemical and Physical Characteristics of Stephen Foster Lake 
 
Water quality in a lake is determined by a complex interaction of a number of chemical, 
physical, and biological factors.  The amounts of nutrients (phosphorus and nitrogen) and 
sediments delivered to a lake through runoff are major factors affecting lake water quality, while 
variations in ambient temperature and sunlight are also important.  Some of the key water quality 
characteristics of Stephen Foster Lake are discussed in the following sections. 
 
Table 1.4.2 provides a summary of the lake water quality data measured during the sampling 
program.  Results for both the individual sampling locations and depths and whole lake volume-
weighted averages are presented.  Whole lake averages were computed by multiplying 
concentrations at varying depths by the appropriate volume.  The average of surface 
concentrations at Stations 1 and 2 was multiplied by the volume of water in the 0 to 2 m layer 
(4.670 x 105 m3), the concentration in the middle layer at Station 1 was multiplied by the volume 
of water in the 2 to 6 m layer (3.887 x 105 m3), and the concentration in the bottom sample at 
Station 1 was multiplied by the volume of water deeper than 6 m (3.412 x 104 m3).  The results 
were summed and divided by the lake volume (8.928 x 105 m3) to determine the whole-lake 
average.  The single reading at Station 1 is reported for Secchi depth and chlorophyll a 
concentrations.  Some of the key water quality characteristics of Stephen Foster Lake and its 
tributaries are discussed in the following sections. 
 
Analytical results from the watershed monitoring program are summarized in Table 1.4.3.  
Separate averages were computed for samples collected during storm events and under normal 
conditions.  Samples were collected under normal flow conditions on 08 June 1994, 30 
November 1994 and 23 May 1995.  Storm samples were collected on 08 March 1995, 28 June 
1995 and 27 July 1995. 
 
Temperature 
 
Temperature affects a number of physical, chemical, and biological processes in natural waters.  
The temperature regime of a lake is a function of ambient air temperatures, and the morphometry 
and setting of the lake.  One of the most biologically important temperature effects is the 
decrease in oxygen solubility with increasing temperature.  Temperature is controlled primarily 
by climatic conditions, but human activity can also have an influence. 
 
Temperatures in Stephen Foster Lake followed normal seasonal variations (Figure 1.4.2).  The 
highest observed surface temperatures of were 26.0�C at Station 1 on both 20 July 1994 and 27 
June 1995.  The lowest temperatures were observed on 08 February 1995, when the surface 
temperatures were 1.0�C at Station 1 and 0�C at Station 2.  The lake was covered with ice in 
January 1995, which prevented sampling during that month. 
 
The lake was thermally stratified during the summer months.  The maximum differences 
between surface and bottom temperatures were over 10�C at Station 1 during June and August 
1994, and during July in both 1994 and 1995. 
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Table 1.4.2 - Summary Water Quality Data for Stephen Foster Lake 
 

Location  Parameter (Mean/Range) 

General Water Quality 
Parameters 

Temperature 
�C 

D.O. 
mg/L 

D.O. 
% Saturation 

pH Alkalinity 
mg CaCO3/L 

Conductivity 
�mhos/cm 

TSS 
mg/L 

  Dam - Surface 17.7 
1.0 - 26.0 

9.7 
6.6 - 15.0 

101.4 
66.9 - 160.2 

7.9 
6.0 - 9.5 

50.8 
37.9 - 78.5 

161 
121 - 223 

10 
<2 - 38 

  Dam - Middle 14.6 
4.0 - 21.0 

5.2 
<0.1 - 13.2 

47.9 
<0.1 - 103.4 

7.4 
6.3 - 8.4 

57.6 
37.2 - 86.9 

160 
121 - 206 

10 
<2 - 48 

  Dam - Bottom 9.8 
4.0 - 13.5 

2.7 
<0.1 - 11.6 

22.1 
<0.1 - 88.5 

7.0 
6.1 - 7.8 

67.1 
43.4 - 109.0 

181 
149 - 257 

16 
3 - 51 

  Station 2 - Surface 16.4 
0.0 - 23.0 

9.0 
5.6 - 15.0 

90.2 
63.5 - 151.0 

7.9 
6.5 - 9.5 

65.4 
44.1 - 90.6 

176 
136 - 370 

10 
<2 - 37 

  Lake Mean 15.7 
2.2 - 22.1 

7.6 
6.3 - 8.5 

72.2 
50.1 - 97.5 

7.6 
6.3 - 8.5 

56.9 
40.7 - 82.0 

165 
129 - 246 

10 
1 - 42 

Nutrients and Trophic 
State Parameters 

Soluble Ortho-
phosphate (mg/L) 

Total P 
mg/L 

NH3-N 
mg/L 

NO3
-+NO2

--N 
mg/L 

TKN 
mg/L 

Chlorophyll a 
�g/L 

Secchi Depth
m 

  Dam - Surface 0.014 
<0.010 - 0.073 

0.056* 
<0.010 - 0.222 

0.106 
<0.010 - 0.419 

0.267 
<0.050 - 1.35 

0.75 
 <1.00 - 2.48 

28.26 
2.84 - 70.07 

1.2 
0.3 - 3.0 

  Dam - Middle 0.038 
<0.010 - 0.099 

0.077 
<0.01 - 0.299 

0.379 
<0.010 - 1.06 

0.286 
<0.050 - 1.07 

0.76 
<1.00 - 2.97 

--  --

  Dam - Bottom 0.154 
<0.010 - 0.817 

0.280 
<0.010 - 1.05 

1.24 
0.238 - 3.21 

0.203 
<0.050 - 0.607 

1.97 
<1.00 - 4.67 

--  --

  Station 2 - Surface 0.016 
<0.010 - 0.064 

0.057 
<0.010 - 0.208 

0.184 
<0.010 - 1.00 

0.293 
<0.050 - 1.35 

0.74 
<1.00 - 2.07 

--  --

  Lake Mean 0.031 
<0.010 - 0.110 

0.074 
0.016 - 0.257 

0.288 
0.011 - 0.592 

0.279 
<0.050 - 1.20 

0.80 
<1.00 - 2.32 

--  --

*Does not include a value of 0.653 on 28 June 1995 that appeared to be an error; the surface value for Station 2 on that date was 
  used to calculate the average. 
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Table 1.4.3 - Summary Water Quality Data for Watershed Monitoring Samples 
 

Location Conditions Parameter (Mean/Range) 

  Total P 
mg/L 

NO3
-+NO2

-N 
mg/L 

TKN 
mg/L 

TSS 
mg/L 

pH Conductivity 
�mhos/cm 

Lake Inlet  Normal 0.040 
0.028 - 0.046 

0.413 
0.196 - 0.630 

0.36 
<1.00 - 1.07 

1.3 
<2 - 4.0 

6.9 
6.1 - 7.5 

197 
153 - 242 

    Storm 0.380
0.161 - 0.708 

0.990 
0.840 - 1.14 

1.66 
<1.00 - 2.64 

68.7 
3.0 - 112 

7.8 
7.5 - 8.1 

284 
273 - 294 

Lake Outlet  Normal 0.038 
0.022 - 0.068 

0.261 
0.107 - 0.414 

0.39 
<1.00 - 1.18 

3.0 
<2 - 6.0 

7.3 
6.3 - 8.5 

162 
146 - 173 

    Storm 0.067
0.034 - 0.092 

0.358 
0.102 - 0.614 

2.06 
1.42 - 2.97 

13.7 
9.0 - 19.0 

8.5 
7.9 - 9.1 

190 
177 - 203 

Pisgah Creek  Normal 0.037 
0.021 - 0.053 

0.196 
0.060 - 0.331 

<1.00 
-- 

6.3 
4.0 - 9.0 

7.5 
6.5 - 8.2 

139 
111 - 162 

    Storm 0.154
0.020 - 0.221 

0.908 
0.676 - 1.14 

0.45 
<1.00 - 1.34 

56.7 
5.0 - 120 

7.6 
7.5 - 7.7 

202 
195 - 208 

Mill Creek #1  Normal 0.053 
0.029 - 0.081 

0.489 
0.300 - 0.678 

0.37 
<1.00 - 1.12 

3.0 
<2 - 6.0 

7.5 
6.4 - 8.3 

231 
164 - 283 

    Storm 0.108
0.010 - 0.237 

0.900 
0.670 - 1.13 

0.47 
<1.00 - 1.42 

95.7 
4.0 - 259 

7.5 
7.3 - 7.6 

318 
316 - 320 

Mill Creek #2  Normal 0.051 
0.029 - 0.093 

0.442 
0.150 - 0.733 

0.45 
<1.00 - 1.35 

31.7 
3.0 - 71 

7.2 
6.4 - 8.0 

208 
160 - 249 

    Storm 0.108
0.018 - 0.055 

0.790 
0.280 - 1.30 

<1.00 
-- 

59.3 
21 - 87 

7.6 
7.5 - 7.6 

269 
255 - 283 

Mill Creek #3  Normal 0.030 
0.021 - 0.045 

0.173 
<0.050 - 0.346 

0.47 
<1.00 - 1.47 

5.0 
3.0 - 6.0 

7.3 
6.5 - 7.9 

187 
145 - 247 

    Storm 0.309
0.183 - 0.525 

0.754 
0.317 - 1.19 

3.37 
<1.00 - 10.1 

61.0 
11 - 131 

7.9 
7.2 - 8.6 

493 
364 - 622 

Rain         08Mar95 0.030 0.275 2.90 5.0 -- --

Park Well  22Aug94 <0.010 <0.050 <1.00 
TN = <0.050 

--   -- --
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Figure 1.4.2 - Temperature and Dissolved Oxygen Profiles at Stephen Foster Lake Station 
1 
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Thermal stratification was also noted at the shallower Station 2, with temperature differences 
between surface and bottom waters of greater than 3�C occurring throughout the summer 
months.  The maximum observed difference between surface and bottom waters was 8.0�C on 
20 July 1994. 
 
Dissolved Oxygen 
 
The dissolved oxygen (D.O.) concentration is an important indicator of the "health" of a lake.  A 
great amount of information can be obtained solely through the analysis of this parameter.  
Dissolved oxygen concentrations are related to the photosynthetic activity of algae and other 
aquatic plants and, therefore, provide insight into lake productivity.  Dissolved oxygen gradients 
provide an indication of mixing patterns and the effectiveness of mixing processes in a lake.  
Dissolved oxygen concentrations also have an important bearing on the physical-chemical 
properties of lakes and the composition of a lake's biota. 
 
The amount of oxygen which can dissolve in water is subject to fluctuations caused in part by 
variations in temperature, photosynthetic activity, and stream flow.  Respiratory processes, 
oxidation of inorganic wastes, and the decomposition of organic matter deplete oxygen, while 
photosynthesis and re-aeration by contact with the atmosphere increase oxygen concentrations in 
water.  Dissolved oxygen concentrations are of concern because oxygen is essential for the 
survival of fish and many other aquatic organisms.  Most desirable aquatic organisms require a 
dissolved oxygen concentration of 4.0 mg/L or greater for long-term survival. 
 
Dissolved oxygen concentrations in Stephen Foster Lake also varied seasonally (Figure 3.2).  
Concentrations frequently exceeded saturation levels in the surface waters during the summer 
months; the highest degree of super-saturation occurred on 20 July 1994 when the surface 
dissolved oxygen concentrations were over 160 percent of the saturation level.  These high 
dissolved oxygen concentrations generally coincided with large algal blooms, which is expected 
because algae produce oxygen during the process of photosynthesis. 
 
In contrast, dissolved oxygen concentrations were usually less than saturation levels during the 
spring and fall, and significant oxygen depletion occurred in deeper waters during the summer.  
Dissolved oxygen depletion in the lake bottom waters (hypolimnion) began to occur in February, 
and concentrations were less than 1.0 mg/L at depths of 6 m and below from May through 
September.  Oxygen depletion to concentrations of less than 2 mg/L occurred at depths as 
shallow as 2 m on 20 July 1994, and dissolved oxygen concentrations were often less than 0.5 
mg/L at depths of 3 m and below throughout the summer. 
 
pH 
 
The hydrogen ion activity in water provides an indication of the balance between acids and bases 
in solution.  Hydrogen ion activity in water is usually reported as its negative logarithm, or pH.  
The pH of a water is an important general water quality indicator because pH is a major factor 
affecting most chemical and biological reactions.  Accepted water quality criteria (U.S. EPA, 
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1976) indicate a pH of less than 6.5 units may be harmful to many species of fish.  Observed pH 
is determined by a number of complex interactions and provides an overall measure of the 
intensity of the various acid/base interactions which are occurring. 
 
The pH scale ranges from 1 to 14 standard units.  A pH of 7 indicates neutral conditions, while 
waters with a pH less than 7 are acidic and those with pH values greater than 7 are basic.  
Because pH is expressed on a logarithmic scale, each one-unit change in pH represents a ten-fold 
increase or decrease in hydrogen ion concentration.  Therefore, a pH of 6 would be 10 times 
more acidic than a pH of 7 and 100 times more acidic than a pH of 8.  The pH of normal 
rainwater (containing no pollutants) is approximately 5.6.  As the rainwater travels over and 
through rocks and soil, chemical reactions with minerals affect the pH and buffering capacity of 
the water. 
 
The measured pH levels in Stephen Foster Lake varied from a whole lake geometric mean of 6.3 
on 30 November 1994 to 8.5 on 8 June 1994.  Surface pH levels were generally higher than 
those in deeper water (Figure 3.3).  Very high pH levels occurred at the surface, and both lake 
stations had a maximum of pH level of 9.5 on 20 July 1994.  Such high pH readings are usually 
associated with algal blooms because carbon dioxide, a weak acid, is removed from the water 
during photosynthesis.  Low pH levels in the bottom waters are associated with decomposition 
processes, which produce carbon dioxide and weak organic acids. 
 
The pH levels in the stream samples were higher for the storm runoff samples than for those 
collected under normal flow conditions (Table 1.4.3).  The low pH values for the inlet and 
tributary stream samples collected under normal runoff conditions ranged from 6.1 to 6.5, and 
average values ranged from 6.9 to 7.5.  In contrast, the low pH values ranged from 7.2 to 7.5, 
and average values ranged from 7.5 to 7.8, for the storm runoff samples.  The reasons for these 
differences are not clear, but may be related to the impact of the higher suspended solids load in 
the runoff samples. 
 
Alkalinity 
 
Alkalinity is a measure of the capacity of water to neutralize acids.  Alkalinity is a capacity 
factor and is directly related to pH, which is a measure of the overall intensity of acid and base 
reactions in water.  Carbonate minerals are the major source of alkalinity in most waters, with 
bicarbonate ion representing the major form of alkalinity in natural waters at neutral pH levels.  
As a result, alkalinity is usually expressed as mg CaCO3/L.  The salts of other weak acids, such 
as borates, silicates and phosphates can be significant is some cases, particularly in more arid 
regions. 
 
Alkalinity concentrations in Stephen Foster Lake varied over the course of the year, with 
minimum levels occurring during the winter and spring and maximum values occurring during 
the summer months (Figure 1.4.3).  Whole lake alkalinity levels ranged from 40.7 mg CaCO3/L 
on 8 February 1995 to 82.0 mg CaCO3/L on 27 October 1994, with an overall average of 56.9 
mg CaCO3/L.  Low alkalinity levels during the spring are often associated with heavy runoff.  
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The higher alkalinity levels in Stephen Foster Lake during the summer months were largely 
Figure 1.4.3 - pH and Alkalinity Levels in Stephen Foster Lake 
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the result of increasing alkalinity in the hypolimnion; these increases are readily apparent in 
Figure 3.3.  Average alkalinities at Station 1 increased from 50.8 mg CaCO3/L at the surface to 
57.6 mg CaCO3/L in the middle of the water column to 67.1 mg CaCO3/L in the bottom waters.  
The overall maximum was 109 mg CaCO3/L in the bottom waters on 27 July 1995.  Such 
increases are associated with the decomposition of organic matter and chemical reactions 
occurring under anoxic conditions. 
 
Conductivity 
 
Conductivity is a measure of the ability of water to conduct an electric current and is dependent 
on the number of dissolved ions in solution.  Conductivity is closely related to, and highly 
correlated with, the concentration of dissolved solids.  Observed conductivities in lake waters 
vary widely, and are largely a function of geology and soils in the watershed.  Conductivity 
varies significantly with temperature and to a lesser extent with the nature of the individual ions 
present.  Because temperature has a relatively large effect on conductivity, conductivity is 
typically corrected to 25�C and reported as specific conductance (�mhos/cm @ 25�C) to allow 
direct comparison of samples collected at different temperatures. 
 
Measured conductivity levels in Stephen Foster Lake were generally near the whole lake average 
of 165 �mhos/cm (Figure 1.4.4), which is typical of lakes in this region.  Whole lake average 
conductivities ranged from 129 �mhos/cm on 22 August 1994 to 246 �mhos/cm on 27 July 
1995.  Over five inches of rain fell in the eight days preceding the 22 August 1994 sampling 
date, indicating that dilution by rain water is the probable explanation for the low reading.  The 
highest average conductivity was largely the result of a reading of 370 �mhos/cm at the surface 
at Station 2 on 27 July 1995.  There is no apparent reason for this high reading, which was much 
higher than the reading of 210 �mhos/cm at Station 1 on the same date. 
 
There was a general tendency for conductivity to increase with depth during the summer months 
(Figure 3.4).  Average conductivities for the surface, middle and bottom samples at Station 1 
were 161, 160 and 181 �mhos/cm, respectively.  An increase in conductivity with depth is 
expected and is usually the result of decomposition processes. 
 
Conductivity levels in the stream samples were higher and more variable in the storm samples 
than in the samples collected under normal runoff conditions (Table 1.4.3).  Average 
conductivity levels in the normal runoff samples ranged from 139 �mhos/cm in Pisgah Creek to 
231 �mhos/cm in Mill Creek #1, and maximum levels ranged from 208 �mhos/cm in Pisgah 
Creek to 283 �mhos/cm in Mill Creek #1.  Average conductivity levels in the storm runoff 
samples ranged from 202 �mhos/cm in Pisgah Creek to 493 �mhos/cm in Mill Creek #3, and 
maximum values ranges from 203 �mhos/cm in Pisgah Creek to 622 �mhos/cm in Mill Creek 
#3. 
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Figure 1.4.4 - Conductivity and Total Suspended Solids Levels in Stephen Foster Lake 
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Total Suspended Solids 
 
Total suspended solids concentration provides a measure of water clarity and the amount of 
particulate matter in the water column.  Suspended solids include both organic matter, such as 
algae and other plant material, and inorganic material including sand, silt, and clay particles. 
 
Total suspended solids (TSS) concentrations in the surface waters of Stephen Foster Lake were 
generally less than 20 mg/L (Figure 1.4.4).  Total suspended solids concentrations averaged 10 
mg/L in the surface samples for both Station 1 and Station 2.  Total suspended solids 
concentrations increased with depth at Station 1 (Figure 1.4.4), with averages of 10 mg/L at the 
middle of the water column and 16 mg/L for the bottom samples. 
 
The pattern of increasing suspended solids concentrations with depth typically results from the 
accumulation of particulate matter being deposited in the hypolimnion from the surface waters, 
but sediment re-suspension during sampling may have also been a factor, particularly for the 
very high concentration of 51 mg/L observed on 23 May 1995.  The TSS concentrations for both 
lake stations and all sampling depths were very high on 28 September 1994 (Figure 1.4.4).  This 
sampling date followed a period of heavy rainfall, and the observed results were likely 
influenced by runoff from the watershed. 
 
The total suspended solids concentrations in the stream samples increased during storm events in 
the Stephen Foster Lake tributary samples (Table 1.4.3).  The storm event average TSS 
concentrations were 68.6 mg/L in the inlet samples, 56.7 mg/L in the Pisgah Creek samples, and 
59.3 to 95.7 mg/L in the Mill Creek samples.  The average TSS concentrations for the normal 
runoff samples were 1.3 mg/L for inlet samples, 4.6 mg/L in the Pisgah Creek samples, and 3.0 
to 31.7 mg/L in the Mill Creek samples. 
 
The total suspended solids concentration in the rain sample was 5 mg/L.  This concentration is 
lower than the average concentrations for the lake samples.  Some particulate material is 
typically found in rain samples, and is caused by wind-blown dust, pollen and other airborne 
material. 
 
Transparency 
 
Transparency, or clarity, of water is most often reported as the Secchi depth.  Observed Secchi 
depths range from a few centimeters in very turbid lakes to over 40 meters in the clearest known 
lakes (Wetzel, 1983).  Although somewhat subjective, this method probably best represents the 
conditions which are most readily visible to the common lake user.  Secchi depths of less than 
2.0 meters (6.6 feet) are often considered undesirable for recreational lake users. 
 
Secchi disk transparency is related to the transmission of light in water, and depends on both the 
absorption and scattering of light.  The absorption of light in dark-colored waters reduces light 
transmission.  Light scattering is usually a more important factor than absorption in determining 
Secchi depths.  Scattering can be caused by color, by particulate organic matter (e.g., algal cells) 
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and by inorganic materials such as suspended clay particles. 
 
Secchi depths in Stephen Foster Lake ranged from 0.3 on 28 September 1994 to 3.0 m on 23 
May 1995, with a mean of 1.2 m (Figure 1.4.5).  The observed water clarity in Stephen Foster 
Lake was relatively low.  Secchi depths of less than 2 m are generally indicative of eutrophic 
conditions and often are associated with severe algal blooms.  Secchi disk transparency was less 
than 1 m on seven of the fifteen sampling dates, and low transparency often coincided with high 
chlorophyll a levels; however, the low transparency on 28 September 1994 followed heavy rains 
and was probably the result of suspended inorganic material rather than algal growth. 
 
Nutrient Concentrations 
 
Phosphorus and nitrogen compounds are major nutrients required for the growth of algae and 
macrophytes in lakes.  The limnological monitoring program for the Stephen Foster Lake Phase I 
Study included analysis of lake and stream samples for both total and dissolved inorganic forms 
of both nutrients.  The dissolved inorganic nutrients, soluble orthophosphorus and nitrate, nitrite, 
and ammonia nitrogen, are regarded as the forms readily available to support aquatic growth.  
Total phosphorus and total nitrogen concentrations provide an indication of the maximum 
growth which could be achieved. 
 
Some important external sources of phosphorus and nitrogen are fertilizers, septic leachate, 
sewage effluent, detergents and soaps, particulate material transported by stormwater, and 
precipitation.  Lake sediments, particularly highly organic sediments, can serve as an internal 
source of nutrients, especially if the overlying waters become devoid of oxygen.  The 
decomposition of dead algal cells or aquatic weed tissue is another internal source of nutrients. 
 
Phosphorus Concentrations 
 
Phosphorus is an essential nutrient and is often the factor limiting additional growth of aquatic 
organisms in lakes (e.g., the limiting nutrient).  Total phosphorus (TP) represents the sum of all 
phosphorus forms, including dissolved and particulate organic phosphates from algae and other 
organisms, inorganic particulate phosphorus from soil particles and other solids, polyphosphates 
from detergents, and dissolved orthophosphates.  Soluble orthophosphate is the phosphorus form 
that is most readily available for algal uptake.  Total phosphorus levels are strongly affected by 
the daily phosphorus loads that enter the lake, while soluble orthophosphate levels are more 
likely to be affected by algal consumption during the growing season. 
 
The EPA eutrophic criterion is a mean in-lake concentration of 0.02 to 0.03 mg/L for TP (U.S. 
EPA, 1980).  Lakes with phosphorus concentrations below 0.01 mg/L are relatively 
unproductive, while lakes with total phosphorus concentrations above 0.03 mg/L can be 
expected to experience problems with nuisance algal blooms and/or aquatic weed growth. 
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Figure 1.4.5 - Secchi Disk Transparency in Stephen Foster Lake 
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Soluble orthophosphate (SOP) concentrations in Stephen Foster Lake were often less than the 
detection limit of 0.010 mg/L, especially during the winter and spring (Figure 1.4.6).  Soluble 
orthophosphate concentrations generally increased with depth in the water column, with the 
largest observed concentration of 0.817 mg/L occurring on 28 September 1994.  Increases in 
phosphorus concentrations in the hypolimnion can result from phosphorus release from lake 
sediments and decomposition processes. 
 
Total phosphorus (TP) concentrations in Stephen Foster Lake followed similar patterns to the 
soluble orthophosphate concentrations.  Concentrations were generally lowest during the winter 
and spring, and increased significantly with depth during the summer stratification period 
(Figure 1.4.6).  The whole lake average total phosphorus concentration was 0.074 mg/L, and 
ranged from 0.016 mg/L on 08 June 1994 to 0.257 mg/L on 28 September 1994.  As noted 
previously, the 28 September 1994 sample appeared to be strongly affected by heavy rains and 
runoff from the watershed. 
 
Total phosphorus concentrations in the storm runoff samples were higher than those in the 
normal runoff samples (Table 1.4.3).  Average storm runoff and normal runoff total phosphorus 
concentrations, respectively, were 0.380 and 0.040 mg/L for the lake inlet, 0.154 and 0.037 mg/L 
for Pisgah Creek, 0.108 and 0.053 mg/L for Mill Creek #1, 0.108 and 0.051 mg/L for Mill Creek 
#2, and 0.309 and 0.030 mg/L for Mill Creek #3.  Total phosphorus concentrations typically 
increase with flow in stream samples because phosphorus is usually transported along with soil 
particles.  The storm runoff level for the lake inlet is questionable, because it is much higher than 
the levels for either Pisgah Creek or Mill Creek #1, which join a relatively short distance 
upstream of the lake inlet (Figure 1.4.1). 
 
Reported soluble orthophosphate concentrations were higher than reported total phosphorus 
concentrations on several occasions.  Since soluble orthophosphate is one component of total 
phosphorus, these results are indicative of laboratory errors; however, overall trends and results 
are still of value. 
 
The total phosphorus concentration in the rain sample was 0.030 mg/L.  This value was similar 
to the concentrations found in the normal runoff samples for the Stephen Foster Lake tributaries. 
 
The concentration of total phosphorus in the well sample was below the detection limit of 0.010 
mg/L.  Total phosphorus is typically very low in groundwater samples because phosphorus is 
readily adsorbed on soil particles. 
 
Nitrogen Concentrations 
 
The nitrogen cycle in lakes is considerably more complicated than the phosphorus cycle.  
Nitrogen can exist in either oxidized forms, usually nitrate (NO3

-) or nitrite (NO2
-), or reduced 

forms, including ammonia (NH3) and organic nitrogen.  Atmospheric nitrogen (N2) can also be 
used as a nutrient source by some species of algae, and various other reduced forms of nitrogen 
can be produced by decomposition processes. 
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Figure 1.4.6 - Stephen Foster Lake Phosphorus Concentrations 
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The form of nitrogen present depends primarily on dissolved oxygen concentrations and plant 
growth.  Nitrate is the most common form of nitrogen in surface waters.  Nitrate and nitrite are 
often analyzed together and reported as NO3+NO2-N because nitrite concentrations are usually 
insignificant.  Ammonia, the nitrogen form that is most easily assimilated and utilized by 
phytoplankton, can be present as either un-ionized ammonia (NH3) or as ammonium ion (NH); 
ammonium ion predominates below pH 9.3.  Ammonia is usually the predominant form of 
nitrogen in low oxygen environments, but low concentrations of ammonia are common in the 
aerobic surface waters of most lakes.  Extensive algal blooms can deplete concentrations of the 
inorganic nutrients, nitrate and ammonia, as nitrogen is converted into organic nitrogen in the 
form of algal cells.  Total Kjeldahl nitrogen (TKN) provides a measure of ammonia plus organic 
nitrogen. 
 
Nitrate+nitrite-N concentrations at Stephen Foster Lake were quite variable (Figure 1.4.7).  The 
highest concentrations, with a whole lake average of 1.20 mg/L, were observed on 01 July 1994 
following heavy rains.  Nitrate+nitrite-N concentrations were relatively low, and nearly 
unchanged from the previous sampling date, for the 22 August 1994 and 28 September 1994 
sampling dates, which also followed heavy rains.  The whole lake average nitrate+nitrite-N 
concentration was a relatively low 0.279 mg/L.  Whole lake nitrate+nitrite-N concentrations 
were above 0.6 mg/L only the 1 July 1994 and 8 February 1995 sampling dates. 
 
Nitrate+nitrite-N concentrations in the runoff samples were much higher in the storm samples 
than in the normal flow samples.  Overall averages for the inlet, Pisgah Creek and Mill Creek #1, 
2 and 3 samples were 0.904 mg/L for the storm runoff samples and 0.343 mg/L for the normal 
runoff samples.  Both nitrate and nitrite are both readily soluble in water and, as a result, their 
concentrations do not depend on sediment transport.  Therefore, the observed results indicate 
that a source of soluble nitrogen, such as fertilizer and/or animal waste, was contributing to the 
runoff samples. 
 
The concentration of nitrate+nitrite-N in the rain sample was 0.275 mg/L, which is similar to the 
average in-lake nitrate+nitrite-N concentration.  The nitrate+nitrite-N concentration in the well 
sample was less than the detection limit of 0.050 mg/L.  This observation is somewhat unusual 
because nitrate is readily transported through the soil column and concentrations are often higher 
in groundwater than in surface water. 
 
Ammonia concentrations were generally low in the surface waters of Stephen Foster Lake, but 
increased significantly with depth (Figure 1.4.7).  Surface ammonia-N concentrations averaged 
0.106 mg/L at Station 1 and 0.184 mg/L at Station 2, and were below detection limits on several 
sampling dates.  Ammonia-N concentrations in the deeper samples were closely related to 
dissolved oxygen concentrations (Figures 1.4.7 and 1.4.2).  Ammonia-N concentrations 
increased dramatically in the lake hypolimnion when oxygen concentrations were low, averaging 
0.379 mg/L for the middle of the water column and 1.24 mg/L for the bottom samples, and 
reaching a maximum of 3.21 mg/L in the bottom sample on 21 September 1994.  Increases in 
ammonia concentrations with depth are caused by both internal release from the lake 
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Figure 1.4.7 - Inorganic Nitrogen Concentrations in Stephen Foster Lake 
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sediments and the decomposition of algae and other organic material that settles from the lake 
surface. 
 
Total Kjeldahl nitrogen (TKN) concentrations followed the same pattern of increasing 
concentration with depth as the ammonia-N concentrations (Figure 1.4.8).  This result is 
expected because ammonia is a component of TKN.  Surface TKN concentrations averaged 0.75 
mg/L at Station 1 and 0.74 mg/L at Station 2.  Concentrations of TKN also increased in deeper 
waters during the summer stratification period, with averages of 0.76 mg/L for the middle of the 
water column and 1.97 mg/L for the bottom samples at Station 1.  Surface TKN concentrations 
were frequently less than the detection limit of 1.00 mg/L, while the highest TKN concentrations 
observed in the bottom samples was 4.67 mg/L on 21 September 1994. 
 
Total Kjeldahl concentrations in the runoff samples (Table 1.4.3) were slightly higher in the 
storm runoff samples than in the normal runoff samples.  Overall averages for the inlet, Pisgah 
Creek and Mill Creek #1, 2 and 3 samples were 1.36 mg/L for the storm runoff samples and 0.53 
mg/L for the normal runoff samples.  Increases in TKN concentrations with increasing flow rate 
are expected because TKN includes particulate matter. 
 
The TKN concentration in the rain sample was 2.90 mg/L.  Ammonia, one of the components of 
TKN, is frequently found at elevated levels in rain water and probably comprises the majority of 
the TKN observed. 
 
The TKN concentration in the well sample was below the detection limit of 1.00 mg/L.  The 
groundwater sample was also analyzed for total nitrogen, and concentrations were also below the 
total nitrogen detection limit of 0.05 mg/L.  Most nitrogen in groundwater is typically present in 
the form of nitrate, and the low TKN concentration is to be expected. 
 
Limiting Nutrient 
 
Phytoplankton require both macronutrients, such as phosphorus, nitrogen, and carbon, and trace 
nutrients, including iron, manganese, and other minerals, for growth.  Biological growth is 
limited by the substance that is present in the minimum quantity with respect to the needs of the 
organism.  Nitrogen and phosphorus are the nutrients that usually limit algal growth in lake 
waters, and their relative concentrations are just as important, if not more important, than their 
absolute concentrations in structuring phytoplankton communities (Schindler, 1977; Reynolds, 
1986). 
 
The average N:P ratio of healthy, growing algal cells is 7 to 1 by weight (this value is between 
15 and 16 by atomic ratio).  This value, known as the Redfield ratio, is generally assumed to be 
the ratio in which these nutrients are ultimately required by algal cells (Reynolds, 1986).  
Generally, large N:P ratios (>7) indicate that the growth of the phytoplankton community will be 
phosphorus limited, while small N:P ratios (<7) indicate that growth will be nitrogen limited 
(Schindler, 1977).  Ratios of total inorganic nitrogen (TIN = nitrate+nitrite-N + ammonia-N) to 
soluble orthophosphate 
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Figure 1.4.8 - Total Kjeldahl Nitrogen Levels in Stephen Foster Lake 
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(SOP) may be even more indicative of nutrient limitation than ratios of total nitrogen to total 
phosphorus because the inorganic nutrient forms are more readily available for algal growth. 
 
Nitrogen to phosphorus ratios for Stephen Foster Lake are shown in Table 1.4.4.  Both 
phosphorus and nitrogen concentrations were below detection limits on several sampling dates, 
and the detection limit for nitrogen was relatively high.  These factors limit the conclusions 
which can be drawn from the results. 
 

Table 1.4.4 - Nitrogen to Phosphorus Ratios in Stephen Foster Lake Surface Samples 
 

Date Dam - Surface Station 2 - Surface 

 TN:TP TIN:SOP TN:TP TIN:SOP 

08Jun94 --* -- -- -- 

01Jul94 28.7 60.9 65.4 52.1 

20Jul94 -- 1.0 15.8 -- 

08Aug94 -- -- -- -- 

22Aug94 3.8 9.6 -- 5.0 

21Sep94 72.9 9.2 44.3 3.3 

28Sep94 10.9 6.4 11.3 6.6 

27Oct94 47.8 -- 39.0 7.3 

30Nov94 29.0 30.5 20.3 22.9 

08Feb95 10.6 -- 7.6 -- 

29Mar95 20.4 -- 62.9 -- 

27Apr95 7.1 -- 7.4 -- 

23May95 6.9 -- 3.2 -- 

28Jun95 -- -- 22.8 -- 

27Jul95 -- -- -- -- 

Mean 23.8 19.6 27.3 16.2 

*Could not be calculated; nitrogen and/or phosphorus concentrations were below detection limits. 
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The mean TN:TP and TIN:SOP ratios for Stephen Foster Lake were all greater than 16, which 
would indicate that phosphorus is usually the limiting nutrient; however, both TN:TP and 
TIN:SOP ratios were less than 7 on several sampling dates, although not always on the same 
dates.  The occasionally low TN:TP and TIN:SOP ratios indicate that nitrogen became limiting 
on some dates.  As a result, runoff from the watershed can be expected to influence both algal 
growth and the composition of the phytoplankton community because it is the main source of 
nutrients for the lake. 
 
Sediment Analyses 
 
Sediment samples were collected from the area of the lake to the west of SR 4015 on 23 August 
1995, as described in Section 1.4.1.  The samples were composited and analyzed for particle 
size, solids (total solids and volatile solids), total phosphorus, nitrate-N, nitrite-N, TKN, 
chlorinated pesticides/PCB's, and heavy metals.  Sediment characteristics resulting from these 
analyses are summarized in Table 1.4.5 
 
Neither the U.S. EPA nor the Commonwealth of Pennsylvania has adopted sediment quality 
criteria.  For comparison purposes, the sediment benchmarks developed by the National Oceanic 
and Atmospheric Administration (NOAA) for the National Status and Trends Program have been 
incorporated into Table 1.4.5 where appropriate.  These sediment quality benchmarks were 
published by NOAA (Long and Morgan, 1990) and recently updated (Long et al., 1995).  The 
two values provided are an Effects Range Low (ER-L) which is the lowest 10th percentile of 
sediment concentrations associated with adverse effects, and an Effects Range Median (ER-M), 
the median or 50th percentile of concentrations associated with adverse effects. 
 
Nutrient concentrations in the Stephen Foster Lake sediments were relatively low.  The 
concentrations observed were typical of sediments and soils in the mid-Atlantic region; however, 
and do not present any health problems.  Several heavy metals were detected, but all were 
present at low levels.  Only nickel was present at a concentration greater than the Effects Range 
Low presented by NOAA, and its concentration of 22.4 mg/kg was less than half of the Effect 
Range Median concentration of 51.6 mg/kg.  All pesticide and PCB concentrations were below 
analytical detection limits.  Nothing detected in the sample would present a problem with 
sediment disposal for a dredging project. 
 
 
1.4.3 - Biological Characteristics of Stephen Foster Lake 
 
Chlorophyll a 
 
Chlorophyll a is the pigment that gives the green color to plants and converts sunlight into 
chemical energy during the photosynthesis process.  Water samples containing algal cells can be 
treated to extract chlorophyll a for analysis.  Chlorophyll a provides an indicator of algal 
biomass in lake water samples because it constitutes about 1 to 2 percent of the dry weight of 
planktonic algae.  Generally speaking, the more chlorophyll a present, the more productive the 
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ecosystem. 
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Table 1.4.5 - Stephen Foster Lake Sediment Characteristics 
 

Parameter (units) Concentration Screening Levela

  ER-L ER-M 

  Total Solids (percent) 49 n/a n/a 

  Total Volatile Solids (percent) 6.4 n/a n/a 

  Gravel (percent) <1 n/a n/a 

  Sand (percent) 15 n/a n/a 

  Silt (percent) 71 n/a n/a 

  Clay (percent) 14 n/a n/a 

  Total Phosphorus (mg/kg) 520 n/a n/a 

  Total Kjeldahl Nitrogen (mg/kg) 300 n/a n/a 

  Nitrate-N (mg/kg) 380 n/a n/a 

  Nitrite-N (mg/kg) 10.3 n/a n/a 

  Arsenic (mg/kg) 5.07 8.2 70 

  Cadmium (mg/kg) <0.5 1.2 9.6 

  Chromium (mg/kg) 13.8 81 370 

  Copper (mg/kg) 17.9 34 270 

  Lead (mg/kg) 22.4 46.7 218 

  Mercury (mg/kg) <0.1 0.15 0.71 

  Nickel (mg/kg) 22.4 20.9 51.6 

  Selenium (mg/kg) <0.5 n/a n/a 

  Zinc (mg/kg) 71.1 150 410 

  Chlorinated pesticides/PCB's ND n/a n/a 

  a ER-L and ER-M from Long et al. (1995). 
  b ER-L and ER-M from Long and Morgan (1990). 
  c From EPA Equilibrium Partitioning Approach concentrations summarized in Long and 

Morgan (1990). 
  d No compounds were detected at concentrations above the detection limit.  
 Detection limits ranged from 0.011 to 1.06 mg/kg, depending upon the compound. 
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Chlorophyll a concentrations in Stephen Foster Lake are shown in Figure 1.4.9.  Chlorophyll a 
concentrations were above 40 �g/L, the U.S. EPA (1980) criterion for hypereutrophic, or 
excessively productive, lakes on six of the fifteen sampling dates, and indicated that algal 
blooms occurred throughout the year.  The highest observed concentrations was 70.07 �g/L on 
20 July 1994, and concentrations were high throughout the summer.  Chlorophyll a 
concentrations were generally lower during the winter months (Figure 1.4.9), but a high level of 
49.37 �g/L was also noted on 8 February 1995.  The average chlorophyll a concentration during 
the study period was 28.26 �g/L, which is well above concentrations associated with nuisance 
algal blooms in lakes. 
 
Phytoplankton 
 
Microscopic algae which have little or no resistance to currents and live free-floating and 
suspended in open water are called phytoplankton.  Their form may be unicellular, colonial, or 
filamentous.  Algae are photosynthetic organisms (primary producers) that form the base of the 
aquatic food chains and are grazed upon by zooplankton and herbivorous fish. 
 
A healthy lake should support a diverse assemblage of phytoplankton, in which many algal 
classes are represented.  Excessive growth of a few species is usually undesirable.  Such growths 
can cause oxygen depletion in the water at night, when the algae are respiring but not 
photosynthesizing.  Oxygen depletion can also occur after an algal bloom when bacteria, using 
dead algal cells as a food source, grow and multiply.  Excessive growths of some species of 
algae, particularly members of the blue-green group (Cyanophyta), may cause taste and odor 
problems in drinking water, release toxic substances to the water, or give the water an 
unattractive green soupy or scummy appearance. Cyanophytes are also undesirable because they 
are not generally grazed upon by zooplankton. 
 
Although in many instances algal numbers (cells/mL) and algal biomass (�g/L) closely correlate 
with one another, this situation is not always the case.  It is possible for a phytoplankton 
community to have a large number of very small-sized algal cells.  In turn, a phytoplankton 
community can also be composed of a few algal cells that are very large in size.  For example, 
the blue-green alga Synechococcus varies from 2 to 20 �m in maximum length, while the green 
alga Eremosphaera typically has a diameter of 300 �m (or 0.3 mm).  Given these size 
differences, if a Synechococcus cell is equal in size to a hen's egg, then a Eremosphaera cell 
would be the size of a small house.  Such substantially large size differences explain many of the 
discrepancies observed in the seasonal algal data. 
 
Seemingly contradictory results are also observed when chlorophyll a concentrations, indicators 
of algal biomass, are compared to algal numbers and/or biomass.  The basic physiological reason 
for such discrepancies is that chlorophyll a is only one component of the algal cells.  More 
specific physiological and environmental reasons are listed below. 
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Figure 1.4.9 - Chlorophyll a Levels in Stephen Foster Lake 
 

 



Mill Creek/Stephen Foster Lake 319 Implementation Plan July 2008 
 

 

 
 
 56

  Different algal groups produce different amounts of chlorophyll a under similar 
environmental situations.  For example, blue-green algae are known to produce smaller 
amounts of chlorophyll a than other algal groups (Reynolds, 1986).  The primary reason 
is due to the additional accessary pigments (i.e., phycobilisomes) that blue-green algae 
produce.  Almost all other freshwater algal groups do not produce phycobilisomes. 

 
  Different nutrients, under different environmental conditions, may stimulate either an 

increase in chlorophyll a concentrations but not in algal numbers and/or biomass, or vice 
versa. 

 
  Algae existing in extremely turbid environments are light limited in growth and produce 

more chlorophyll a per unit cell than algae in less turbid environments.  More chlorophyll 
a per unit cell enables algae in turbid environments to capture more of the incoming 
sunlight.  This is a relatively quick adaptation to local conditions, taking from a few 
hours to a few days to accomplish.  Therefore, if a storm event increases the turbidity of a 
system, the algae will respond by increasing their cellular concentration of chlorophyll a. 

 
  Generally speaking, smaller sized algae with body diameters between 2 and 20 �m (i.e., 

nanoplankton) typically have higher chlorophyll a to biomass ratios than larger algal 
forms. 

 
The cyanobacteria Aphanizomenon was already the dominant algal genus in Stephen Foster Lake 
on 8 June 1994.  Despite this early appearance of Aphanizomenon, chlorophyll a concentrations 
were relatively low and the Secchi depth was 2.1 m.  While Aphanizomenon was still the 
dominant alga by 1 July 1994, its relative contribution to total algal abundances and biomass 
declined.  In fact, the green algae were the most diverse and dominant algal groups in terms of 
biomass on 1 July 1994. 
 
A large bloom of cyanobacteria was observed in Stephen Foster Lake on 20 July 1994 (Figure 
3.10.  The chlorophyll a concentration on that date was 70.07 �g/L, and the cyanobacteria were 
by far the dominant algal group both in terms of abundance and biomass.  There was a 
substantial increase in cyanobacterial diversity by 20 July 1994.  While Aphanizomenon 
remained the dominant algal genus, in terms of abundance, two species of Anabaena were the 
dominant cyanobacteria in terms of algal biomass. 
 
From 8 August to 27 October 1994, Aphanizomenon remained the dominant algal genus in terms 
of abundance.  During this same period of time, Aphanizomenon usually accounted for the 
largest portion of cyanobacterial biomass, yet other genera would periodically dominate algal 
biomass.  Large fluctuations were experienced in both abundance and biomass during the late 
summer season (Figures 1.4.10 and 1.4.11).  The observed fluctuations were attributed to the 
wax and wave of excessive blooms of cyanobacteria, most notably Aphanizomenon.  Overall 
algal diversity tended to increase from summer to fall.  This seasonal increase in algal diversity 
is quite common in temperate lake ecosystems; at this time, the water temperature is on a decline 
and 
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Figure 1.4.10 – 1994 Phytoplankton Density in Stephen Foster Lake 
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Figure 1.4.11 – 1994 Phytoplankton Biomass in Stephen Foster Lake 
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the lake begins to mix, destroying water column stability.  Such conditions are not favorable to 
cyanobacterial growth, but they do favor the growth of other algal groups. 
 
No genera of cyanobacteria were identified in the surface waters of Stephen Foster Lake by 30 
November 1994.  At this time, the green algae were the dominant algal groups in terms of 
abundance, while the large-sized dinoflagellate Peridinium was the dominant algae in terms of 
biomass. 
 
Large algal blooms plagued Stephen Foster Lake during the spring and summer, as well as 
during part of the fall.  The algal group responsible for these blooms is the cyanobacteria (also 
known as blue-green algae).  Generally speaking, cyanobacteria are an undesirable group of 
algae.  They are not generally grazed upon by zooplankton, are known to produce large 
aesthetically displeasing blooms, can create taste and odor problems, are responsible for water 
quality related allergic reactions such as "swimmers ear", and are known to produce neuro- and 
hepatotoxins.  Cyanobacteria tend to thrive in warm waters with high phosphorus concentrations. 
 This study has documented that Stephen Foster Lake receives a high load of phosphorus from its 
watershed.  Therefore, excessive surface scums are experienced as soon as the surface waters are 
warm enough to allow the cyanobacteria to out-compete other algal groups for the abundant in-
lake supply of phosphorus. 
 
Zooplankton 
 
Zooplankton are microscopic animals whose movements in a lake are primarily dependent upon 
water currents and who remain suspended in open water. Zooplankton serve as a food source for 
fish and consume algae and bacteria in the water column.  The larger zooplankton can exert a 
significant grazing pressure on algal cells; however, they are also subject to predation.  Major 
groups represented include protozoa, rotifers, and crustaceans.  Some types feed on algae, others 
on other zooplankters, and some take in both plant and animal particles. 
 
Zooplankton are a food source for larger crustaceans, aquatic insects, and fish.  Zooplankton 
populations in lakes vary with temperature, food supply, and other environmental factors.  
Reported populations range from a few to several hundred individuals per liter (Hutchinson, 
1967).  Very little information is available on zooplankton dynamics and populations in 
reservoirs, although turbidity, increased flow, and other factors probably reduce their numbers to 
below those observed in natural lakes (Marzolf, 1990). 
 
The dominant zooplankton on 8 June 1994, both in terms of abundance and biomass, was the 
cladoceran Daphnia pulex.  Populations of this organism were over 700/L averaged over the 
entire water column at this time.  This zooplankter is well known to be highly herbivorous (i.e. 
algae eating).  Thus, the absence or low abundance of grazable algae, such as chlorophytes, 
chrysophytes and cryptophytes, as well as the low chlorophyll a concentrations measured at this 
time are most likely due to abundance of Daphnia pulex.  Unfortunately, cyanobacteria such as 
Aphanizomenon, are not readily grazed upon by zooplankton, so that once the zooplankton 
exhaust their food supply and water temperatures increase, cyanobacteria begin to dominate the 
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plankton community.  For most temperate lakes, this situation usually occurs sometime during 
the early to mid-summer season. 
 
The total zooplankton number declined by an order of magnitude while biomass was relative 
constant from 8 June to 1 July 1994 (Figures 1.4.12 and 1.4.13).  The appearance of Chaoborus, 
transparent midge larvae that lives on plankton, is responsible for the observed decline in 
zooplankton numbers.  Chaoborus is highly predaceous and feeds upon other members of the 
zooplankton community.  The absence of any corresponding decline in biomass with total 
numbers is also due to Chaoborus, since it is an extremely large organism relative to other 
members of the zooplankton community.  Thus, in terms of biomass, one Chaoborus may 
correspond to hundreds of Daphnia. 
 
According to the data, two factors control the relative abundance of Daphnia pulex:  the 
availability of grazable algae and the presence of the predaceous midge Chaoborus.  While 
Chaoborus also controls the presence and abundance of other zooplankton, the availability of 
grazable algae may or may not have a direct effect on other zooplankters, depending on whether 
the zooplankton are herbivorous.  For example, the copepod Cyclops is carnivorous and feeds 
upon other zooplankton, while many rotifers and cladocerans, such as Bosmia and Chydorus, 
feed upon bacteria and detritus. 
 
Approximately 1 to 4 Chaoborus per liter were observed in Stephen Foster Lake between 1 July 
and 21 September 1994.  Copepod and cladoceran numbers varied between 6 and 154 
organisms/L during this same period.  These results are in contrast with 8 June 1994, when 
copepod and cladoceran numbers were 436 and 717 organisms/L, respectively. 
 
Total zooplankton numbers were quite low on 20 July 1994 and then increased to a moderately 
high level on 8 August 1994 (Figure 1.4.12).  The increase in numbers on 8 August 1994 was 
primarily attributed to the colonial rotifer Conochilus.  Mid-summer blooms of this rotifer are 
quite common in temperate lakes.  In addition, the herbivorous copepod Diaptomus was 
relatively common on 8 August 1994. 
 
Chaoborus was no longer observed in Stephen Foster Lake by 28 September 1994; however, 
another planktonic predator of zooplankton was identified.  This organism was the large 
predaceous cladoceran, Leptodora scindti.  Thus, while moderate numbers of Daphnia and 
Diaptomus were observed on 28 September 1994, their abundance was comparable to those seen 
in early June. 
 
Macrophyte Survey 
 
A macrophyte (aquatic weed) survey of Stephen Foster Lake was performed on 22 August 1994. 
 Submerged plants were sparse along most of the lake shore.  The only major concentration of 
submerged plants was found in the shallow area in the southwest corner of the lake, but some 
submerged plants were found in most areas less than 6 feet (2 m) deep. 
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Figure 1.4.12 – 1994 Zooplankton Density in Stephen Foster Lake 
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Figure 1.4.13 - Zooplankton Biomass in Stephen Foster Lake 
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Water milfoil (Myriophyllum heterophyllum) was the predominant submerged plant, although 
there was a fairly large area of curlyleaf pondweed (Potamogeton crispus) along the southern 
shore of the lake.  Small amounts of coontail (Ceratophyllum demersum) were scattered along 
the lake shore, and some duckweed (Lemna minor) was present in the southwest corner of the 
lake.  Total surface coverage by submergent plants was less than 20 percent.  A summary of the 
aquatic plants identified during the macrophyte survey is presented in Table 1.4.6. 
 

Table 1.4.6 - Submergent and Emergent Aquatic Plants in Stephen Foster Lake 
 

Common Name Scientific Name 

Submergent Plants 

Water milfoil* Myriophyllum heterophyllum 

Curlyleaf pondweed* Potamogeton crispus 

Coontail Ceratophyllum demersum 

Duckweed Lemna minor 

Emergent Plants 

Burreed* Sparganium sp. 

Cattail* Typha sp. 

Reed canary grass* Phalaris arundinacea 

Rice cut-grass Leersia oryzoides 

Soft-stem bulrush Scirpus validus 

Three-square bulrush Scirpus pungens 

Yellow flag Iris pseuacorus 

Beggars tick Bidens frondosa 

Turtle head Chelone glabra 

Jewel weed Impatiens capensis 

Swamp milkweed Asclepias incarnata 

Blue vervain Verbena hastata 

Joe pye weed Eupatoriadelphus pupureu 

Boneset Epatorium perfoliatum 

Woolgrass Scirpus cyperinus 

*Common plants 
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Emergent plants were present along about 30 percent of the lake shore.  Burreed (Sparganium 
sp.) was the predominant species and was present along most of the southern shore of the lake.  
Cattail (Typha sp.) was common in the southwestern corner of the lake in the forebay west of SR 
4015.  Reed canary grass (Phalaris arundinacea) was also common in the forebay area.Several 
different species of emergent plants were found in lesser amounts near the boat ramp in the 
northeast corner of the lake, near the lake outlet and scattered along the southern shore of the 
lake. 
 
Rooted aquatic macrophytes do not present major problems for recreational uses of Stephen 
Foster Lake at the present time.  Macrophyte growth occurs primarily as a fringe around the lake, 
with the maximum depth of plant growth apparently limited by light penetration. 
 
Fish Resources 
 
The Pennsylvania Fish and Boat Commission conducted fish surveys of Stephen Foster Lake in 
1979, 1982, 1985 and 1990.  Largemouth bass (Micropterus salmoides), black crappie (Pomoxis 
nigromaculatus), pumkinseed (Lepomis gibbosus) and brown bullhead (Ameiursus nebulosus) 
provide the bulk of the lake fishery, although the number of brown bullhead has been declining.  
Other game fish include bluegill (Lepomis macrochirus) and yellow perch (Perca flavescens).  A 
stocking of chain pickerel in 1978 was unsuccessful, and this species has not been re-stocked.  
The 1990 fish survey indicated that the Stephen Foster Lake fishery was stabilizing, with a good 
population of largemouth bass that was controlling the size of the panfish population. 
 
Stephen Foster Lake currently has one of the best bass fisheries in the Pennsylvania state park 
system; a limited survey conducted by the Pennsylvania Fish and Boat Commission in 1993 
resulted in a catch of more than 50 bass greater than 300 mm in length per hour (Moase, 1996).  
The decline in the brown bullhead populations was attributed to predation by largemouth bass 
and is not a major concern.  The Stephen Foster Lake fishery is currently being managed on a 
self-sustaining basis, and there are no plans for any major changes because of the current success 
of the system. 
 
Fish tissue analyses were performed as part of the limnological survey of Stephen Foster Lake.  
One pumpkinseed and one brown bullhead were collected in August 1995 for these analyses.  
The brown bullhead is an omnivore which feeds primarily at the bottom.  The pumpkinseed 
feeds on a variety of animal life near the top of the water column.  The fish were ground whole 
and analyzed for chlorinated pesticides and PCB's.  No pesticides or PCB's were present at 
concentrations above the analytical detection limits. 
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1.5 - Hydrologic and Pollutant Budgets 
 
Pollutants can enter a lake either as discrete discharges from known sources or through runoff 
from a variety of sources within the watershed.  Discrete discharges are referred to as point 
sources, and all other sources of pollutants are referred to as nonpoint sources.  Nonpoint sources 
contribute pollutants through runoff, precipitation on the lake surface, and internal sources, such 
as nutrient release from lake sediments. 
 
Hydrologic and pollutant budgets are required to quantify the impacts of various pollutant 
sources on lake water quality and to evaluate lake and watershed interactions.  Pollutant and 
hydrologic budgets were calculated for Stephen Foster Lake to provide a means to identify and 
to quantify the magnitude of nitrogen, phosphorus, and sediment contributions from various 
sources and are key components in the development and evaluation of lake and watershed 
management alternatives. 
 
Pollutant budgets can be developed from an extensive sampling program or through the 
evaluation of land use practices in the watershed.  The unit areal loading (UAL) approach was 
used in conjunction with land use information and other calculated pollutant loadings to generate 
initial pollutant budgets for Stephen Foster Lake.  The hydrologic budget developed for Stephen 
Foster Lake and water quality data collected during the Phase I study were also used to calculate 
pollutant budgets directly from the results of the monitoring program. 
 
 
Hydrologic Budget 
 
The water balance, or hydrologic budget, of a lake is the net difference between total inflow, 
total outflow and evaporative loss.  Surface runoff, precipitation and groundwater infiltration are 
all sources of water inputs.  Evaporation and outflow are the main sources of water loss. 
 
Surface runoff was estimated from recorded data from USGS gauging station No. 01531500, 
located on the Susquehanna River at Towanda, Pennsylvania (Durlin and Schaffstall, 1992).  The 
mean discharge for the 78 years of record for this gauge is 10,550 cubic feet per second (cfs) for 
the 7,797 square mile (mi2) watershed for this station, or 1.35 cfs/mi2.  This rate produces a 
calculated annual runoff of 10,066 acre-ft/yr (1.24 x 107 m3/yr) when applied to the Stephen 
Foster Lake watershed.  The Mill Creek watershed is included in the area covered by the USGS 
gauge, and the calculated runoff rate should provide a good estimate of annual runoff. 
 
Average precipitation for the Bradford County was reported to be 33.56 inches/year (0.852 m/yr) 
by Grubb (1986).  The use of long-term average precipitation data is better suited for developing 
a long-term management plan than actual rainfall measurements during the study period.  
Hydrologic loading attributable to direct precipitation to the surface of Stephen Foster lake was 
calculated by multiplying the average precipitation by the lake surface area of 70.2 acres (2.84 x 
105 m2) to obtain a calculated gross annual load of 2.42 x 105 m3/yr (196 acre-ft/yr). 
 



Mill Creek/Stephen Foster Lake 319 Implementation Plan July 2008 
 

 

 
 
 66

Evaporation from the lake surface must also be included to determine the role of net 
precipitation on the lake's hydrologic budget.  Water loss due to evaporation is dependent upon a 
number of variables, including ambient temperature, intensity of sunlight, and relative humidity, 
and is thus seasonally dependent.  The National Weather Service (NOAA, 1982) reported an 
annual average free water surface evaporation rate of 29 in/yr (0.734 m/yr) for north-central 
Pennsylvania, resulting in an annual hydrologic loss attributable to evaporation of 2.09 x 105 
m3/yr (170 acre-ft/yr).  Evaporative losses were subtracted from rainfall to obtain an average net 
precipitation rate on the lake surface of 3.29 x 104 m3/yr (27 acre-ft/yr). 
 
Groundwater is water which flows below the earth's surface.  Groundwater resulting from 
precipitation can reach a lake in two ways, either through direct inflow to the lake or via flow 
into the tributaries which feed the lake.  Groundwater flow to Stephen Foster Lake was 
calculated using a regional interflow coefficient of 792.5 ft3/day/mi2 (Dunne and Leopold, 1978) 
and an interflow duration of 240 days.  The calculated groundwater flow was 5.53 x 104 m3/yr 
(45 acre-feet/yr). 
 
The Stephen Foster Lake hydrologic budget is summarized in Table 1.5.1.  Surface runoff is, by 
far, the most significant portion of the hydrologic budget, accounting for 99.3 percent of the total 
water load to the lake. 
 

Table 1.5.1 - Stephen Foster Lake Hydrologic Budget 
 

Source Annual Contribution 
 (m3/yr) (acre-ft/yr) (% of Total)

  Runoff from Watershed 1.24 x 107 10,066 99.3
  Net Precipitation 
 Rainfall 
 Evaporation 

3.29 x 104

2.42 x 105

2.09 x 105

27 
196 
170 

0.3

  Groundwater Inflow 5.53 x 104 45 0.4
  Total Hydrologic Load 1.25 x 107 10,138 100.0

 
Point Source Pollutant Loads 
 
Point sources are discharges arising from discrete, identifiable sources.  Effluent limits for 
pollutants of concern and a discharge permit number are assigned to point source discharges by 
the National Pollutant Discharge Elimination System (NPDES).  There are no point source 
discharges in the Stephen Foster Lake watershed. 
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Nonpoint Source Pollutant Loads 
 
The majority of the annual nutrient and sediment loads contributed to lakes often originate from 
nonpoint sources.  Overland runoff of stormwater has been demonstrated to be the primary 
vehicle of such pollutant loads (Uttormark et al., 1974).  Precipitation on the lake surface, 
groundwater inflow and internal nutrient loading are also nonpoint sources of pollutants. 
 
Land use has an important impact on lake pollutant budgets.  Varying land uses contribute 
substantially different amounts of both the sediment load that decreases lake depth and the 
nutrient loads that promote the growth of algae and aquatic macrophytes.  Most sediment and 
nutrient transport occurs during storm events.  Eroded soils, fertilizers, heavy metals, and 
petroleum hydrocarbons are all constituents of storm runoff.  Sediment transport is usually the 
major source of pollutant inputs to lakes; the majority of pollutants in stormwater are known to 
be attached to the surface of sediment particles through absorption and/or adsorption reactions 
(Wanielista et al., 1982). 
 
Internal processes can also contribute to lake nutrient loads.  The bacterial decomposition of 
plant tissue and algal cells can generate nitrogen and phosphorus and can lead to the 
accumulation of organic sediments.  Chemical and biochemical changes occurring under 
anaerobic conditions have also been demonstrated to produce internal nutrient loading in lakes. 
 
Calculation of Nonpoint Source Pollutant Loadings from Surface Runoff 
 
Pollutant loadings from runoff can be developed from an extensive sampling program or through 
the evaluation of land use practices in the watershed and other theoretical considerations.  Both 
approaches were used to calculate pollutant loadings from runoff as part of this study.  
Calculated nutrient inputs from precipitation, animal waste, internal loading and groundwater 
inputs were used to complete the pollutant budgets for Stephen Foster Lake. 
 
Unit Area Loadings 
 
The unit areal loading (UAL) approach (Uttormark et al., 1974; U.S. EPA, 1980) has been 
widely accepted for the calculation of pollutant inputs from nonpoint sources.  The unit area 
loading approach can also be used to develop pollutant budgets and is based on observations that 
different land uses contribute different quantities of pollutants through runoff.  Unit area 
loadings were used in this report for the calculation of nonpoint source pollutant loadings from 
runoff for nutrients and total suspended solids in Stephen Foster Lake.  The greatest utility of the 
UAL approach is in its use in quantifying changes in pollutant loading with watershed 
development (Souza and Perry, 1977) as well as in directing watershed management techniques 
to those areas contributing the greatest impact to water quality degradation. 
 
Pollutant export coefficients compiled by Uttormark et al. (1974), Reckhow et al. (1980) and the 
U.S. EPA (1980) were evaluated, and representative export coefficients for pollutants of concern 
were assigned to each land use category in the Stephen Foster Lake watershed.  The product of 
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the area of each land use and the assigned export coefficient provided the total pollutant loading. 
 
Unit area loading export coefficients are intended to represent the pollutant amounts that actually 
reach the lake, which is a much smaller number than the pollutants transported in runoff.  There 
are several factors which attenuate pollutant levels between the time they originate in the 
watershed and the time they reach Stephen Foster Lake.  Phosphorus concentrations are reduced 
by uptake by plants and precipitation and absorption reactions.  Nitrogen losses occur through 
plant uptake,  precipitation and denitrification.  Total suspended solids concentrations are 
reduced primarily by settling.  Losses for both nutrients and suspended solids would be greatest 
during periods of low flow when travel times are longest. 
 
The export coefficients used for the Stephen Foster Lake watershed were generally lower than 
average values.  All of the farms in the Stephen Foster Lake watershed have implemented Farm 
Plans, as required by the Food Security Act (1985 Farm Bill).  Under this bill, all farms with 
highly erodible land were required to institute a written plan by 1994 to reduce soil erosion.  In 
addition, the watershed is relatively large, which increases travel times and increases the 
possibility of nutrient and sediment reductions before runoff reaches the lake. 
 
Table 1.5.2 presents a summary of the UAL pollutant loadings for the entire Stephen Foster Lake 
watershed by land use category, and pollutant loadings entering Stephen Foster Lake calculated 
by the UAL method are summarized in Table 1.5.3.  Table 1.5.2 indicates that land used for row 
crops, which makes up only about 16 percent of the total watershed area, potentially contributes 
over half of the nutrient loadings and about 40 percent of the suspended solids loading to 
Stephen Foster Lake.  Pasture and forested land, which each cover about 41 percent of the 
watershed, contribute lower pollutant loadings because land used for those purposes is less 
subject to erosion.  Total pollutant loadings calculated by the UAL method were 1,232 kg/yr for 
total phosphorus, 25,313 kg/yr for total nitrogen and 645,707 kg/yr for TSS. 
 
Pollutant Loadings Calculated from Monitoring Data 
 
Nonpoint source loadings to Stephen Foster Lake from surface runoff were calculated from data 
produced by the watershed monitoring program (Table 1.5.3) for comparison with UAL data.  
Analysis of data provided by the USGS (Durlin and Schaffstall, 1992) indicated that over 80 
percent of the total annual hydraulic load potentially enters the lake during storm events.  This is 
in general agreement with field measurements made during the current study, which found a base 
flow at the lake inlet of 0.74 cfs on 8 June 1994.  This value is only about 5 percent of the 
calculated annual average inflow of 13.9 cfs. 
 
As a result of the above considerations, the mean inlet total phosphorus, total nitrogen and total 
suspended solids concentrations (Table 1.5.3) for normal and storm event conditions were 
multiplied by 80 percent and 20 percent, respectively, of the calculated annual runoff.  The 
average of the Pisgah Creek and Mill Creek total phosphorus concentrations (0.131 mg/L), rather 
than the inlet total phosphorus concentration for the storm event samples.  This value was chosen 
because the inlet total phosphorus concentrations did not appear to be in agreement with other 
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results. 
 
 
 

Table 1.5.2 - Pollutant Loading Summary for Nonpoint Source Runoff 

Land Use Area P Load N Load TSS Load 

  Pasture 41.6 26.9 21.9 42.8 

  Forested 41.2 17.8 10.8 17.0 

  Row Crops 15.9 54.9 66.8 39.3 

  Developed 1.0 0.5 0.5 1.2 

  Lakes and Ponds 0.4 -0.2 0.0 -0.3 

  Watershed Area 100.0 100.0 100.0 100.0 
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Table 1.5.3 - Unit Area Loadings for Stephen Foster Lake 
 

Land Use  Area 
 (ha) 

Paramete
r 

 Runoff Coeff. 
 (kg/ha/yr) 

Annual Load 
   (kg/yr) 

Percentage of  
Total 

  Pasture 1,106.4 Total P 0.3 332 26.9

  Total N 5 5,532 21.9

  TSS 250 276,606 42.8

  Forested 1,096.6 Total P 0.2 219 17.8

  Total N 2.5 2,742 10.8

  TSS 100 109,661 17.0

  Row Crops 422.8 Total P 1.6 676 54.9

  Total N 40 16,910 66.8

  TSS 600 253,656 39.3

  Developed 25.8 Total P 0.25 6 0.5

  Total N 5 129 0.5

  TSS 300 7,744 1.2

  Lakes and Ponds 9.8 Total P -0.25 -2 -0.2

  Total N 0 0 0.0

  TSS -200 -1,961 -0.3

  Watershed Total 2,661.4 Total P Load 1,232 

  Total N Load 25,313 

  Total SS Load 645,707 

  
 
The pollutant loadings calculated from monitoring data provide a very rough estimate of runoff 
contributions because they are based on only three data points each for storm and normal runoff, 
as well as on gross assumptions about the distribution between storm events and base flow.  
They are also specific for the period during which the study was conducted, and may not 
represent long-term averages. 
 
Pollutant loadings calculated from the monitoring data were 1,401 kg/yr for total phosphorus, 
28,235 kg/yr for total nitrogen and 688,608 kg/yr for total suspended solids.  These values are 
slightly higher than the loadings calculated from UAL data, but are generally in good agreement 
with the UAL values, especially when considering the number of potential errors involved with 
each of the methods used.  The differences in calculated loadings from runoff between the UAL 
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and monitoring data provide an indication of the range and uncertainty associated with actual 
pollutant loadings to Stephen Foster Lake. 
 
Nutrient Inputs from Animal Waste 
 
The Bradford County Conservation District performed extensive field surveys as part of the 
Phase I Study.  Many of the results were summarized in a study by Kinchy and Orner (1995).  
Part of this study included interviews with land owners in the watershed and an evaluation of 
treatment needs for farms in the watershed.  These interviews identified 15 farms, with a total of 
1,750 animal units (one animal unit equals 1,000 pounds of livestock).  The majority of these 
animals are dairy cattle. 
 
Estimates on the number of animal units present and nutrient concentrations in animal wastes 
reported by the NRCS (USDA, SCS, 1992) were used to calculate the amount of nutrients 
generated from animals in the watershed.  Reported nutrient contributions for dairy cattle are 
0.06 lbs/day of phosphorus and 0.46 lbs/day of nitrogen for each animal unit.  Multiplying these 
figures by the number of animal units in the Stephen Foster Lake watershed results in a total 
annual production of 38,300 lbs (17,400 kg) of phosphorus and 256,000 lbs (116,000 kg) of 
nitrogen. 
 
The above numbers represent the total amount of nutrients generated by animal wastes, not the 
amounts actually reaching Stephen Foster Lake.  Many of the same factors reducing the impact 
of other pollutant loadings (see Section 1.5) would also reduce the impact of animal wastes.  
Because the manure generated contains a high liquid content and is usually spread on the ground 
rather than discharged to a stream, the amounts reaching the lake are significantly less than those 
generated.  An actual delivery rate of 1 percent was used to evaluate the impacts of animal 
wastes on the lake pollutant budgets.  This figure is based on best professional judgement and 
has produced reasonable results in previous lake studies conducted by Coastal.  The use of the 1 
percent delivery ratio results in calculated nutrient loadings from animal wastes of 174 kg of 
phosphorus and 1,160 kg of nitrogen. 
 
Nutrient Inputs from Precipitation 
 
The relatively small size of Stephen Foster Lake compared to its watershed minimizes the 
importance of precipitation on the lake surface as a pollutant source.  Pollutant inputs to Stephen 
Foster Lake from precipitation were calculated by multiplying the concentrations of total 
phosphorus, total nitrogen and total suspended solids, measured in precipitation samples 
collected during the monitoring program, by the mean annual precipitation rate. 
 
The total phosphorus, total nitrogen and total suspended solids concentrations in precipitation 
samples collected as part of the sampling program were 0.03 mg/L, 3.2 mg/L and 5 mg/L, 
respectively.  Multiplication of these concentrations by the mean annual rainfall of 2.42 x 105 
m3/yr on the lake surface (Section 4.1) results in calculated annual loads of 7 kg of phosphorus, 
775 kg of nitrogen and 1,210 kg of total suspended solids. 



Mill Creek/Stephen Foster Lake 319 Implementation Plan July 2008 
 

 

 
 
 72

 
Internal Nutrient Regeneration 
 
Internal regeneration represents a source of nutrient loading to lakes that is often overlooked.  
Results of the sampling program indicated that Stephen Foster Lake was strongly stratified and 
experienced severe hypolimnetic oxygen depletion during the late summer months.  Phosphorus 
and nitrogen concentrations both increased in the hypolimnion of Stephen Foster Lake during 
this period (Figures 1.4.5 and 1.4.6, respectively). 
 
Increases in nutrient concentrations in the hypolimnion during the summer stratification period 
used to develop an estimate of internal nutrient regeneration.  Total phosphorus concentrations in 
the lake bottom waters increased from 0.081 mg/L in June 1994 to 0.654 mg/L by the end of 
August 1994.  Total nitrogen concentrations increased from 2.75 to 3.30 during this same period; 
nitrogen release from lake sediments is partially offset by denitrification losses under anoxic 
conditions.  These concentration differences were multiplied by 4.46 x 105 m3, the volume of 
water in Stephen Foster Lake greater than 3 m in depth, which was the typical upper limit of the 
hypolimnion. 
 
The increase in hypolimnetic nutrient concentrations can result from both internal regeneration 
and the sedimentation and decomposition of organic material from lake surface waters.  Burns 
and Ross (1970), attributed approximately 50 percent of the hypolimnetic nutrient increase to 
each of these factors.  As a result, internal nutrient loading was calculated as 50 percent of the 
total hypolimnetic nutrient accumulation, or 128 kg of phosphorus and 123 kg of nitrogen. 
 
Groundwater Nutrient Inputs 
 
Groundwater can contribute nutrients to lakes, but the relatively small groundwater inflow would 
limit the importance of this source for Stephen Foster Lake.  Nutrient concentrations in well 
water were less than detection limits; therefore, multiplication of the groundwater inflow volume 
of 5.34 x 104 m3/yr by the detection limits of 0.01 mg/L for total phosphorus and 0.05 mg/L for 
total nitrogen would provide an indication of the upper limit of nutrient loadings to Stephen 
Foster Lake from groundwater.  Calculated groundwater contributions to lake nutrient budgets 
were 1 kg of phosphorus and 3 kg of nitrogen. 
 
Overall Pollutant Budgets for Stephen Foster Lake 
 
Total nutrient and sediment budgets for Stephen Foster Lake, including nonpoint source runoff, 
precipitation, internal loading and groundwater inputs, are summarized in Table 1.5.4.  Ranges 
are provided for nonpoint source runoff from the watershed to include to unit areal loading and 
monitoring program data. 
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Table 1.5.4 - Pollutant Loading Summary for Stephen Foster Lake 
 

Source Parameter Annual Pollutant Load 
  kg/yr % of Total 

  Runoff from the Watershed Total P 1,232 - 1,401 79.9 - 81.9 
 Total N 25,313 - 28,235 92.5 - 93.2 
 Total SS 645,707 - 688,608 99.8 
  Animal Waste Total P 174 10.2 - 11.3 
 Total N 1,160 3.8 - 4.2 
  Precipitation on Lake Surface Total P 7 0.4 - 0.5 
 Total N 775 2.6 - 2.8 
 Total SS 1,210 0.2 
  Internal Loading Total P 128 7.5 - 8.3 
 Total N 123 0.4 
  Groundwater Inputs Total P 1 <0.1 
 Total N 3 <0.1 
  Total Pollutant Loadings Total P 1,541 - 1,710 100.0 
 Total N 27,372 - 30,294 100.0 
 Total SS 646,917 - 689,818 100.0
 
 
Runoff from the watershed contributes approximately 80 percent of the total phosphorus load, 93 
percent of the total nitrogen load and nearly all of the solids load to Stephen Foster Lake.  
Animal wastes potentially contribute 11 percent of the annual phosphorus load and 4 percent of 
the annual nitrogen load.  Internal loading contributes about 8 percent of the total phosphorus 
load and less than 0.5 percent of the total nitrogen load.  Precipitation on the lake surface 
contributes about 0.5 percent of the phosphorus load and about 3 percent of the nitrogen load to 
the lake.  Groundwater supplies an insignificant amount of both phosphorus and nitrogen. 
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1.6 - Trophic State Analysis 
 
The previous sections presented information on lake and watershed characteristics, chemical and 
biological interactions in Stephen Foster Lake, and hydrologic and pollutant budgets for the lake. 
 This data can be used to quantify the current trophic state of Stephen Foster Lake.  Trophic state 
is a relative description of a lake's biological productivity (U.S. EPA, 1980).  That is, it is an 
expression of the amount of algae, plant, fish and other forms of life that can be supported in the 
lake.  Emphasis is usually placed on transparency and on the growth of algae and aquatic plants 
since these are the factors considered by most lake users to evaluate recreational potential. 
 
 
Trophic State Assessment 
 
Eutrophication is the natural aging process which results when sediments and nutrients from the 
watershed accumulate in a lake.  The eutrophication process is often accelerated by the activities 
of man.  Eutrophication is characterized by an increase in the number of living organisms in a 
lake, but this biomass is usually comprised of relatively few species.  In contrast, an oligotrophic 
lake is characterized by relatively small populations of many diverse organisms.  Mesotrophic 
lakes have conditions intermediate between eutrophic and oligotrophic lakes, and hypereutrophic 
lakes are characterized by excessive productivity. 
 
The trophic state of a lake is a relative expression of the biological productivity of a lake.  The 
Trophic State Index (TSI) developed by Carlson (1977) is among the most commonly used 
indicators of lake trophic state.  This index is actually composed of three separate indices based 
on observations of total phosphorus concentrations, chlorophyll a concentrations, and Secchi 
depths from a variety of lakes.  Total phosphorus was chosen for the index because phosphorus 
is often the nutrient limiting algal growth in lakes.  Chlorophyll a is a plant pigment present in 
all algae and is used to provide an indication of the biomass of algae in a lake.  Secchi depth is a 
common measure of the transparency of lake water. 
 
Mean values of total phosphorus, chlorophyll a, and Secchi depth for an individual lake are 
logarithmically converted to a scale of relative trophic state ranging from 1 to 100.  Increasing 
values for the Trophic State Index are indicative of increasing trophic state.  A TSI of less than 
35 indicates oligotrophic conditions, a TSI between 35 and 50 indicates mesotrophic conditions, 
and a TSI greater than 50 indicates eutrophic conditions.  Hypereutrophic, or excessively 
productive lakes, have TSI values greater than 60.  Higher numbers are associated with increased 
probabilities of encountering nuisance conditions, such as excessive macrophyte growth and 
algal scums. 
 
Trophic state indices for Stephen Foster Lake are presented in Table 5.1.  These values were 
calculated using surface water data collected during the monitoring program for the months of 
May through September because Carlson (1977) suggested that summer average values may 
produce the most meaningful results. 
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Table 1.6.1 - Trophic State Indices for Stephen Foster Lake 
 

Station    Trophic State Index 

 Total P Secchi Depth Chlorophyll a 

Dam - Surface 69.5 59.5 65.2 

Station 2 57.7 -- -- 
 
 
Calculated trophic state indices for the different parameters were all high, although Station 2 had 
a lower TSI for total phosphorus than the main sampling station at the dam.  The calculated 
Carlson trophic state indices show that Stephen Foster Lake is eutrophic to hypereutrophic. 
 
Trophic state can also be assessed by comparing monitoring data to trophic state criteria, such as 
those developed by the U.S EPA (1980).  Table 5.2 presents a comparison of Stephen Foster 
Lake monitoring data to EPA trophic state criteria. 
 

Table 1.6.2 - Comparison of Stephen Foster Lake Monitoring Data to Trophic State 
Criteria 

 

 Characteristic 

Trophic State Total P 
(mg/L) 

Chlorophyll a
(�g/L) 

Secchi 
Depth (m) 

Relative 
Productivity 

Oligotrophic < 0.005 < 2.0 > 8 Low 

Mesotrophic 0.005 -0.030 2.0 - 6.0 4 - 8 Moderate 

Eutrophic 0.030 - 0.100 6.0 - 40.0 2 - 4 High 

Hypereutrophic > 0.100 > 40.0 < 2 Excessive 

Dam Surface 
(Station 1) 

0.093 34.21 1.0 High to 
Excessive 

Station 2 0.041 -- -- Moderate 
 
The trophic state criteria in Table 1.6.2, like calculated trophic state indices, are based on 
somewhat arbitrary concentrations that are typically found when the average lake user perceives 
that water quality problems exist.  Comparisons of monitoring data to trophic state criteria 
indicate that conditions in Stephen Foster Lake are in the eutrophic range for total phosphorus 
and chlorophyll a concentrations and in the hypereutrophic range for Secchi depth. 
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Trophic State Modeling 
 
Although the use of trophic state variables and trophic state indices for classifying lake trophic 
state is straightforward, it is also somewhat flawed.  These techniques may generate erroneous 
results for lakes that have significant internal phosphorus loading, lakes that are highly-colored 
or that have high amounts of inorganic turbidity, and lakes that support significant weed growth 
but little algae growth.  Because of these limitations, lake managers and limnologists have 
developed a variety of mathematical models to quantitatively evaluate lake productivity.  These 
models are designed to yield a value that can be used to rank and classify lake productivity with 
much less ambiguity than the use of trophic state variables. 
 
Trophic state modeling essentially consists of the quantification of a lake's relative potential 
productivity by regression analysis of nutrient, hydrologic and morphometric data (Uttormark et 
al., 1974).  A number of different models have been developed for this purpose, but most are 
very similar in their mathematical origin.  In general, these models can be used to evaluate the 
effects of land use and various pollutant sources on lake water quality without relying on 
extensive field studies.  The models generate a concise value and are less subjective and more 
precise than the use of trophic state indices.  They also allow for the prediction of changes in 
water quality (i.e. transparency, productivity, etc.) arising from changes in land use, pollutant 
loading or lake management strategies.  As a result, these models can be used effectively as 
planning and management tools. 
 
Most of the trophic state models are based on field measurements and empirical data.  Since such 
data can be very site specific, the use of a model in a region other than where it has been verified 
can generate erroneous information.  Several different models, each verified for use with 
northern temperate lakes, were used in this study.  The morphometric, hydrologic, and nutrient 
loading data were used to model phosphorus concentrations in Stephen Foster Lake using 
mechanistic (Dillon and Rigler, 1974; Vollenweider, 1976), empirical (Walker, 1977; Reckhow, 
1981) and regression (Jones and Lee, 1986) models.  The Walker model can be used to provide a 
quantitative prediction of lake trophic state.  In addition, a model developed by Vollenweider 
(1976) was used to model chlorophyll a concentrations.  Emphasis was placed on the role of 
phosphorus in determining the productivity because the monitoring program demonstrated that 
phosphorus is the limiting nutrient in Stephen Foster Lake. 
 
The Dillon and Rigler (1974) model is one of the most commonly-used models for the prediction 
of phosphorus concentrations in lakes and has the form: 
 

[TP] = L(1-R)/ρz (1) 
 
where [TP] = annual mean phosphorus concentration (g/m3), L = areal phosphorus loading 
(g/m2/yr), R = phosphorus retention, ρ = flushing rate (yr-1), and z = mean depth (m).  Values for 
ρ and z for Stephen Foster Lake are 14.0 year-1 and 3.14 m, respectively.  Values for L, 
calculated from the lake phosphorus budget using UAL data and monitoring program runoff 
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data, are 5.43 g/m2/yr and 6.02 g/m2/yr, respectively.  A value for R was calculated from the 
equation developed by Kirschner and Dillon (1975): 
 
 R = (0.426)exp(-0.271*z/τw) + (0.574)exp(-0.00979*z/τw)    (2) 
 
where z = mean depth and τw = mean hydraulic residence time. 
 
The hydraulic residence time for Stephen Foster Lake is 26 days (0.071 years).  The phosphorus 
retention coefficient for Stephen Foster Lake calculated by Equation 2 is 0.38. 
 
The total phosphorus concentrations calculated from Equation 1 are 0.077 mg/L and 0.085 mg/L 
for the UAL and monitoring program loadings, respectively.  These concentrations are in very 
good agreement with the overall total phosphorus concentration of 0.074 mg/L observed during 
this study.  Good agreement between observed results and model results were also obtained from 
the Reckhow (1981) and Jones and Lee (1986) models.  This indicates that model results can be 
used to predict the response of Stephen Foster Lake to changes in phosphorus loadings. 
 
The models developed by Vollenweider (1976) and Walker (1977) predicted total phosphorus 
concentrations higher than those observed and are therefore not recommended to predict the 
response of Stephen Foster Lake to changes in phosphorus loading. 
 
Although limnologists and lake managers routinely use phosphorus concentrations as an 
indicator of lake quality, a more illustrative interpretation of trophic state can be achieved by 
determining the amount of productivity that can be sustained by a given amount of phosphorus 
loading.  It is expected that higher phosphorus loadings will lead to additional algal growth. 
 
Vollenweider (1976) presented the following model for the prediction of chlorophyll a 
concentrations in lakes: 
 
 [Chlorophyll a] = 0.367 x {(L/qs)(1/[1 + )])}0.91  (2) 
 
where L is the areal phosphorus loading and qs is the area water load, which is equal to z/τw.  
The value for qs for Stephen Foster Lake is 44.0 m/yr.  This model predicts a chlorophyll a 
concentration of 44 to 48 �g/L based on the calculated phosphorus budgets for Stephen Foster 
Lake.  This concentration is considerably lower than the observed mean chlorophyll a 
concentration of 28.26 �g/L.  Occasional nitrogen limitation of algal growth or light limitation 
could explain chlorophyll a concentrations that are lower than predicted results. 
 
Translating the impacts of different nutrient loading rates and chlorophyll a concentrations on 
water quality into terms that are meaningful to most recreational users is a complex task.  
Walmsley and Butty (1979) proposed some typical relationships between maximum chlorophyll 
a concentrations and observed impacts (Table 1.6.3) to describe lake user perception of water 
quality.  This table was used in conjunction with Equation 3 to calculate the phosphorus loading 
reductions necessary to cause an improvement in perceived water quality.  The maximum 
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chlorophyll a concentration in Stephen Foster Lake was 70.1 �g/L, and concentrations above 40 
�g/L were encountered on several sampling dates. 
 

Table 1.6.3 - Impact of Chlorophyll a Concentrations on Perceived Water Quality 
 

Chlorophyll a Concentration Nuisance Value 

0 to 10 �g/L No problems evident 

10 to 20 �g/L Algal scums evident 

20 to 30 �g/L Nuisance conditions encountered 

Greater than 30 �g/L Severe nuisance conditions encountered 
 
The modeling results indicate that observed total phosphorus concentrations in Stephen Foster 
Lake are in reasonably good agreement with concentrations calculated from the pollutant 
budgets for the lake and that the models can be used to help predict lake response to proposed 
restoration efforts. 
 
Modeling results indicate that it will be difficult to dramatically improve current lake conditions 
through phosphorus reductions alone.  Reductions in total phosphorus loadings of approximately 
75 percent would be required to change the lake trophic state from eutrophic to mesotrophic, 
based on the generally accepted total phosphorus concentration of 0.02 mg/L for eutrophic 
conditions.  This total phosphorus concentration is lower than that observed in most reservoirs 
and in all but the least productive Pennsylvania lakes.  A more realistic target phosphorus 
concentration would be 0.050 mg/L.  Reductions in phosphorus loadings of about 35 percent 
would be required to reach this level. 
 
 
1.7 - Recommended Restoration Alternatives for Stephen Foster Lake 
 
The limnological survey of Stephen Foster Lake and the lake pollutant budgets identified water 
quality problems and pollutant sources.  The major water quality problems in Stephen Foster 
Lake are stagnation and dense blooms of cyanobacteria during the summer months, which limit 
recreational use of the lake and lead to oxygen depletion in the lake bottom waters.  The algal 
blooms also reduce water clarity.   
 
A number of potential lake and watershed management alternatives were evaluated to determine 
their ability to improve lake water quality and control pollutant inputs from the watershed.  The 
alternatives of greatest interest and/or applicability to the restoration of Stephen Foster Lake are 
discussed in detail in the following sections.  Both watershed management practices, which lead 
to long-term reductions in pollutant loadings, and in-lake management practices, which produce 
more immediate water quality benefits, were evaluated. 
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1.7.1 - Watershed Restoration Measures 
 
Pollutants enter Stephen Foster Lake primarily through runoff from nonpoint sources in the 
watershed.  This source is responsible for over 90 percent of the total nutrient loads, and 
virtually all of the sediment load, enters Stephen Foster Lake.  The nonpoint source runoff 
includes overland runoff, streambank erosion, and nutrients originating as animal waste.  The 
fundamental objective of watershed management activities is to reduce external nutrient, 
sediment and contaminant loadings.  If a sufficient degree of control can be exerted over such 
sources, then long-term effective management and improvements of lake trophic state can be 
achieved. 
 
Implementation of Agricultural BMP's 
 
Because nearly all of the land in the Stephen Foster Lake watershed is used for agricultural 
purposes, the implementation of agricultural best management practices (BMP's) should be the 
focus of watershed management activities.  The Bradford County Conservation District 
conducted interviews with all landowners in the Stephen Foster Lake watershed in Summer 1995 
to identify those agricultural BMP's which could be implemented to reduce pollutant loadings.  
The information collected included BMP's requested by the farm owners, additional BMP's 
identified by the District as needed by the farms, and the number of animal units on each farm.  
Suggested BMP's were identified for 11 of the 15 farms in the watershed (Table 1.7.1); one farm 
is now out of business and most operations for the other three are outside of the watershed. 
 
Manure storage facilities, milkhouse waste disposal, barnyard improvements, streambank 
fencing, and diversions and terraces were the most pressing needs identified.  The total cost for 
implementing all of the BMP's identified would be $518,720.  The Bradford County 
Conservation District is working with the Natural Resources Conservation Service (NRCS), the 
Farm Services Agency (FSA) and area farmers to identify funding sources and to implement as  
many of these BMP's as practical. 
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Table 1.7.1 – AG BMP Survey Summary 

Farm   Recommended BMP's Unit Cost Unit # of Units Cost 

1 Manure Storage Structure 
Manure Pump 
Streambank Fencing 
Pasture Management 
Barnyard Stabilization 
Barnyard Filter 
Farm Total 

$0.12 
$10,000 

$1.40 
$3.00 
$2.50 
$0.30 

Gal 
Pump 

Ft 
Acre 
Ft2

Ft2

500,000 
1 

5,000 
30 

7,500 
7,500 

$60,000 
$10,000 

$7,000 
$90 

$18,750 
$2,250 

$98,090 

2 Manure Storage Pond 
Manure Pump 
Diversion/Terrace 
Crop Mgmt. Assoc. Membership 
Heavy Use Area Protection 
Farm Total 

$0.04 
$10,000 

$1.30 
$3.00 
$1.00 

Gal 
Pump 

Ft 
Acre 
Ft2

750,000 
1 

5,000 
200 

10,000 

$30,000 
$10,000 

$6,500 
$600 

$10,000 
$57,100 

3 Manure Storage Pond 
Manure Pump 
Barnyard Stabilization 
Heavy Use Area Protection 
Barnyard Filter 
Farm Total 

$0.04 
$10,000 

$2.50 
$1.00 
$0.30 

Gal 
Pump 

Ft2

Ft2

Ft2

700,000 
1 

4,000 
10,000 

4,000 

$28,000 
$10,000 
$10,000 
$10,000 

$1,200 
$59,200 

4 Dry Stacking Area 
Milkhouse Waste Filter 
Streambank Fencing 
Pasture Management 
Strip Cropping 
Farm Total 

$15,000 
$5,000 

$1.40 
$3.00 
$7.00 

Dry Stack 
Filter 

Ft 
Acre 
Acre 

1 
1 

5,000 
30 
50 

$15,000 
$5,000 
$8,400 

$90 
$350 

$28,840 

5 Manure Storage Structure 
Manure Pump 
Streambank Fencing 
Pasture Management 
Farm Total 

$0.12 
$10,000 

$1.40 
$3.00 

Gal 
Pump 

Ft 
Acre 

350,000 
1 

3,000 
30 

$42,000 
$10,000 

$4,200 
$90 

$56,290 

6 Manure Storage Pond 
Manure Pump 
Farm Total 

$0.04 
$10,000 

Gal 
Pump 

650,000 
1 

$26,000 
$10,000 
$36,000 

7 Manure Storage Pond 
Manure Pump 
Heavy Use Area Protection 
Farm Total 

$0.04 
$10,000 

$1.00 

Gal 
Pump 

Ft2

600,000 
1 

5,000 

$24,000 
$10,000 

$5,000 
$39,000 

Sub-Total $374,520 
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Table 1.7.1 – AG BMP Survey Summary (Continued) 
 

Farm   Recommended BMP's Unit Cost Unit # of Units Cost 

8 Dry Stacking Area 
Barnyard Stabilization 
Barnyard Filter 
Milkhouse Waste Filter 
Farm Total 

$15,000 
$2.50 
$0.30 

$5,000 

Dry 
Stack 

Ft2

Ft2

Filter 

1 
3,000 
3,000 

1 

$15,000 
$7,500 

$900 
$5,000 

$28,400 

9 Barnyard Stabilization 
Barnyard Filter 
Farm Total 

$2.50 
$0.30 

Ft2

Ft2
5,000 
5,000 

$12,500 
$1,500 

$14,000 

10 Dry Stacking Area 
Milkhouse Waste Filter 
Streambank Fencing 
Barnyard Stabilization 
Barnyard Filter 
Farm Total 

$15,000 
$5,000 
$1.40 
$2.50 
$0.30 

Dry 
Stack 
Filter 

Ft 
Ft2

Ft2

1 
1 

4,000 
3,000 
3,000 

$15,000 
$5,000 
$5,600 
$7,500 

$900 
$34,000 

11 Manure Storage Structure 
Manure Pump 
Barnyard Stabilization 
Barnyard Filter 
Farm Total 

$0.12 
$10,000 

$2.50 
$0.30 

Gal 
Pump 

Ft2

Ft2

400,000 
1 

3,500 
3,500 

$48,000 
$10,000 
$8,750 
$1,050 

$67,800 

Sub-Total $144,200 

Total for All Farms $518,720 
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Examination of Table 1.7.1 clearly indicates that improved manure storage and disposal are the 
BMP's in greatest need of installation.  Manure storage facilities, which can be either above-
ground fabricated structures or excavated ponds that are designed to reduce water pollution by 
controlling liquid and solid wastes, are recommended for seven of the eleven farms included in 
the evaluation and represent the major fraction of the estimated BMP costs.  Manure Pumps 
required to empty the proposed manure storage facilities also represent a significant portion of 
the total costs.  Dry manure stacking areas and improved milkhouse waste disposal would further 
reduce nutrient inputs from animal operations.  Installation of the recommended manure storage 
facilities should have a positive impact on lake water quality because animal waste was 
estimated to contribute over 10 percent of the total phosphorus and about 4 percent of the total 
nitrogen entering the lake. 
 
Barnyard improvements and heavy use area protection include a variety of practices intended to 
reduce erosion and control surface runoff.  Improvements can include such items as concrete 
walkways in high traffic areas and drainage improvements. 
 
Diversions and terraces are earthen embankments that intercept runoff water and control erosion. 
 They are often used in conjunction with contouring, stripcropping and reduced tillage methods. 
 
Fencing is used to help keep animals out of streams and woodlots, where grazing and watering 
activities can lead to significant erosion problems.  Several such problems were identified during 
the stream survey conducted by Bradford County Conservation District personnel. 
 
It is difficult to quantify nutrient and pollutant reductions that can be expected as a result of 
implementing barnyard improvements, diversions and terraces and streambank fencing, although 
some positive benefits on lake water quality should be expected.  Costs for these BMP's are less 
than those associated with manure storage facilities, however, and the installation of manure 
storage facilities alone may not result in noticeable improvements to lake water quality. 
 
Streambank Stabilization 
 
Streambank erosion can be a significant source of direct soil loss.  A recent study on the lower 
Chesapeake Bay found that shoreline erosion results in nutrient loading rates several orders of 
magnitude higher than upland erosion on an areal basis because of the mass of material lost 
(Ibison et al., 1992).  Streambank protection measures can include planting vegetation or 
installation of structural stabilization measures, and are designed to reduce erosion in these 
critical areas. 
 
Shoreline erosion in the Stephen Foster Lake watershed was investigated by the Bradford 
County Conservation District as part of the Phase I study Eroding segments along Mill Creek 
and its tributaries were measured and any apparent causes of erosion were noted.  Results of the 
erosion study are summarized in Table 1.7.2.  Tributary locations are shown in Figure 1.7.1. 
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Table 1.7.2 - Streambank Erosion in the Stephen Foster Lake Watershed 
 

Tributary No. of Eroding 
Segments 

Length of 
Eroding 

Segments (ft)* 

Possible Cause of Erosion 
(No. of Segments Affected)** 

Mill Creek 
(A) 

23 1,973***   Cattle (12) 
  Gravel bars (11) 

B 23 1,834***   Flooding, flood debris (20) 
  Cattle (1) 
  Gravel bars (7) 

C 0 0   No erosion - banks well 
  vegetated 

D 0 0   No erosion - banks well 
  vegetated 

E 0 0   Banks overgrown and creek 
  largely inaccessible 

F 0 0   Not surveyed, but appeared 
  to be well vegetated 

Pisgah Creek 
(G) 

9 665***   Cattle (2) 
  Gravel bars (2) 
  Unknown (5) 

H 1 or more Not measured   Areas with eroding 
  streambanks could not be 
  reached 

I 1 48   Gravel bar (1) 

Total 57 4,520   Cattle (13) 
  Gravel bars (21) 
  Flooding, flood debris (20) 
  Unknown (6) 

*Total length of all eroding segments measured. 
**Some segments affected by more than one cause. 
***Does not include one long stretch of erosion that was not measured. 
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Figure 1.7.1 - Stephen Foster Lake Stream Survey Locations 
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Streambank erosion can be controlled by several means, including rip-rap, the installation of 
coconut fiber logs and vegetative stabilization.  Rip-rap is the most expensive of these options, 
but may be required in very high energy areas.  Coconut fiber logs can potentially withstand high 
flows and are available in several diameters to suit different site conditions.  Vegetative 
stabilization varies widely in both composition and cost.  Costs for these three options are 
approximately $75 to $100/linear foot for rip-rap, $15/linear foot for coconut fiber logs and $2 to 
$15/linear foot for vegetative stabilization.  The costs for vegetative stabilization depend on site 
preparation requirements and specific plants required.  Plants can also be installed in the coconut 
fiber logs to improve their appearance and long-term stability. 
 
Rip-rap would probably be required to stabilize the majority of the eroding banks in the Stephen 
Foster Lake watershed because streams in the area typically have relatively steep gradients and 
are subject to high velocity runoff.  If an average cost of $80/linear foot is assumed for 
stabilizing the eroding streambanks identified, total costs for dealing with this problem in the 
Stephen Foster Lake watershed would be $361,600.  Actual costs would depend upon the type of 
stabilization used, and control of all eroding streambanks in the watershed would probably not 
be necessary.  Priority should be given to eroding segments nearest to the lake that have the 
highest potential for contributing nutrients and sediments to the lake. 
 
 
1.7.2 - In-Lake Restoration Measures 
 
In-lake restoration measures are aimed at enhancing the viability of lakes by alleviating specific 
symptoms of eutrophication.  Although these measures typically provide only short-term relief 
without controlling pollutant sources, they can substantially improve the aesthetic and 
recreational potential of the lake and help gain public support for the restoration program while 
long-term management practices are being implemented. 
 
Extensive algal blooms, leading to the formation of surface scums, reduced water clarity and low 
hypolimnetic oxygen concentrations, have been the most noticeable water quality problem in 
Stephen Foster Lake.  The growth of rooted aquatic plants, which often interferes with 
recreational lake uses, does not appear to be a major problem in Stephen Foster Lake, partially 
because algal growth may be limiting the amount of light penetration in the lake to hinder the 
spread of rooted aquatic plants. 
 
Siltation is another common problem in reservoirs, but does not appear to be interfering with the 
recreational use of Stephen Foster Lake at the present time.  The forebay area of the lake to the 
west of the State Park Road (SR 4015) is acting as an effective sediment trap to reduce sediment 
inputs to the main body of the lake. 
 
Algae Control 
 
The use of herbicides has been one of the most common and successful methods of controlling 
nuisance aquatic plant growth in lakes.  Continuing research efforts have helped minimize the 
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adverse environmental impacts of these products; however, adverse impacts on non-target 
species remain a significant problem.  Note that all herbicides must be applied in strict 
accordance with label directions to minimize these impacts. 
 
The use of biological methods for controlling aquatic plant growth has been advocated as an 
environmentally-preferred alternative to chemical treatments.  Biological methods are less well-
developed than chemical treatments at this stage, however, and their use should still be viewed 
as experimental. 
 
Copper Sulfate 
 
Copper sulfate is the most commonly used algicide because it is effective and relatively 
inexpensive.  It controls many species of planktonic and filamentous algae. 
 
Copper sulfate is usually applied as a liquid in the form of chelated products.  The chelates are 
complexes of copper and organic compounds that work to keep copper in solution for longer 
periods of time.  Granular copper sulfate can also be used, but copper applied in this form 
rapidly precipitates out of solution and provides less effective treatment.  Typical treatment rates 
are 0.6 gallons/acre-ft for a chelated product, with actual rates depending upon the manufacturer 
and formulation, and 2.24 lbs/acre-ft for granular copper sulfate.  It is usually best to apply the 
algicide in stages for severe blooms to prevent the severe oxygen depletion that is often created 
by the decay of dead algal cells.  Several treatments may be required per season, depending upon 
the number and severity of the algal blooms encountered. 
 
Copper controls algae by interfering with photosynthesis and altering nitrogen metabolism.  The 
effects on nitrogen metabolism are probably also responsible for the toxicity of copper to other 
microorganisms. 
 
There are no restrictions on lake use following treatments with copper sulfate; however, the use 
of copper as an algicide has been receiving increasing amounts of criticism because of the 
toxicity of copper to non-target organisms.  Copper has been shown to be much more toxic to 
zooplankton and benthic macroinvertebrates than it is to phytoplankton.  As a result, applications 
of copper sometimes result in a subsequent increase in phytoplankton populations by removing 
predatory species.  Copper can be toxic to sensitive fish species, such as trout, where the mode of 
action is interference with respiration by coating the gills. 
 
 Typical application costs are about $22/acre-ft for a chelated form of copper and $6/acre-ft for 
granular copper sulfate.  The cost for an application of copper to Stephen Foster Lake were 
calculated by assuming that the entire lake surface would be treated to a depth of 1 foot, for an 
volume of 70 acre-ft.  Two applications, each for half of the lake surface area, would be used for 
each treatment.  The cost for each treatment would be approximately $410 to $1,540, depending 
upon which form of copper was used, and more than one treatment may be needed during the 
summer growing season.  The use of a chelated form of copper is usually recommended because 
it provides algae control for a longer period and may actually entail lower costs over the course 
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of a growing season, but the high costs of the chelated forms may favor copper sulfate if only 
one annual treatment is needed. 
 
 
Bacterial Inoculants 
 
An alternative to chemical treatments for minimizing the severity and frequency of algal blooms 
is the limitation algal growth through competitive interactions with bacteria.  Within the past ten 
years, a growing amount of scientific evidence has revealed that natural assemblages of bacteria 
are commonly limited in growth by nitrogen and/or phosphorus, the same inorganic nutrients 
that stimulate excessive algal growth.  Bacteria can out-compete algae for these inorganic 
nutrients in certain circumstances, which in turn minimizes the severity and frequency of algal 
blooms.  This can result in visible improvements in the water quality of a lake or pond. 
 
Several products have been used to either stimulate in-situ bacterial growth or to introduce a 
high population of bacteria known to reduce excessive amounts of ammonia-N and actively 
assimilate inorganic phosphorus.  While these products have been used primarily in aquaculture 
and, to a lesser extent, in drinking water reservoirs, they have recently been used in recreational 
waterbodies.  One of these commercial products is NurtureR, a liquid composed of organic 
compounds designed to stimulate the growth of non-pathogenic bacteria. 
 
Unlike algicides, such as copper sulfate, bacterial inoculants do not kill the algae.  Bacterial 
inoculants work by keeping algal numbers in check and to prevent the formation of large 
blooms.  This situation circumvents problems associated with large amounts of dead algal 
biomass, which can, in turn, deplete dissolved oxygen concentrations and result in a fish kill.  In 
addition, bacterial inoculants are not toxic to other aquatic organisms, livestock or people. 
 
One disadvantage associated using bacterial inoculants is that, unlike copper, a treatment 
schedule must be implemented early in the season (usually sometime in early April) and 
performed on a fairly regular basis throughout the growing season.  Treatment with most 
inoculants requires a large initial dose, after which smaller doses are added approximately every 
other week (twice a month) for the rest of the growing season.  If a scheduled treatment is missed 
or the application schedule is not continuous, algae have the opportunity to utilize the inorganic 
nutrients that would have been utilized by the bacteria. 
 
Since bacterial inoculants do not kill algae, there may be some difficulty in regaining control and 
minimizing algal densities once a bloom or mats have developed.  Therefore, it is absolutely 
essential that the treatments be conducted on schedule throughout the entire growing season, 
taking into account local climatic conditions. 
 
The effectiveness of bacterial inoculants is highly dependent upon local climatic conditions.  For 
example, their effectiveness declines during excessive drought conditions, and a heavy storm can 
easily flush the bacterial population out of a waterbody, resulting in a need for re-inoculation. 
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The State of Delaware used NurtureR during the 1995 growing season on several waterbodies 
with mixed success; however, the State was pleased with the overall results of the inoculant 
treatment (Tyler, 1995).  Noticeable water quality improvements were realized in spite of the 
fact that the late summer season of 1995 was extremely dry and hot. 
 
Costs for the NurtureR product for Delaware lakes were approximately $150 per acre for the 
entire spring/summer season (Tyler, 1995).  The cost for treating the entire surface of Stephen 
Foster Lake would be about $10,500 per year.  Although bacterial inoculants tend to be higher in 
product cost than copper-based algicides, no applicator permits are required to date, so 
associated permit costs are not incurred.  In addition, local personnel can apply the inoculant 
since a licensed applicator is not required. 
 
If this restoration technique is attempted at Stephen Foster Lake, it is strongly recommended that 
a small-scale project be conducted before the whole lake is treated.  A relatively small area, such 
as the area of the lake south of the inlet, should be isolated from the rest of lake for inoculant 
treatment to evaluate this technique in an objective, experimental manner, without a high 
monetary investment.  The treatment of 20 acres in this area would cost approximately $3,000.  
The reported costs do not include labor and spray equipment, or the cost of a monitoring 
program to evaluate results. 
 
Artificial Circulation 
 
Aeration has often been used as a lake management option for lakes suffering from hypolimnetic 
oxygen depletion.  For these lakes, aeration can increase oxygen concentrations, decrease 
sediment nutrient release, minimize iron and manganese concentrations, and prevent fish kills.  
Aeration systems can be designed to provide complete mixing throughout the water column, to 
increase oxygen concentrations in the hypolimnion without mixing the lake, or to aerate surface 
waters and provide aesthetic appeal. 
 
Artificial circulation can have a number of positive effects on lake water chemistry.  Aeration 
oxidizes sulfide and ammonia, which can be toxic to aquatic life, to sulfate and nitrate, 
respectively.  In recent years, the use of aerators to provide complete circulation of the water 
column has been shown to have some potential as a method of algal control in shallower lakes 
where low dissolved oxygen levels are not the major concern.  Advances in compressor 
efficiency, the reported success of aeration as an algal control measure, and relatively low costs 
have led to increased interest in aeration as a lake restoration technique. 
 
A comprehensive review by Pastorak et al. (1981) indicates the installation of artificial 
circulation systems usually minimizes the frequency and magnitude of cyanophyte blooms, as 
well as favoring the growth of algal groups that are readily grazed upon by the zooplankton.  
Artificial circulation also typically led to increases in zooplankton, macroinvertebrate and fish 
populations. 
 
An artificial circulation system would serve several roles in Stephen Foster Lake.  First, the 
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system would aid in continuously circulating the water, thus preventing a long period of 
stagnation.  As indicated earlier, large, surface blooms of cyanophytes usually occur in stagnant 
waters during the warm summer months.  Second, the continuous circulation of the water would 
prevent the bottom waters of the lake from becoming anoxic.  Internal release of phosphorus 
from Stephen Foster Lake sediments is a significant factor in the lake phosphorus budget, and 
phosphorus release rates increase under low oxygen conditions.  Minimizing anoxic conditions 
would, therefore, minimize the internally regenerated phosphorus load available for algal 
growth.  Finally, the artificial circulation system could enhance the lake's fishery by minimizing 
the growth of undesirable algal species and enhancing the growth of zooplankton and benthic 
organisms. 
 
The cost of artificial circulation systems varies widely, depending on the supplier, the type of 
system installed, the type and availability of power supplies and the number of pumps or 
compressors recommended.  The purchase cost for an artificial circulation system in Stephen 
Foster Lake could range from approximately $20,000 to $30,000.  Approximately $10,000 
would be required for installation labor and supervision, plumbing and electrical services, and 
freight.  A suitable housing for the system could add an additional $8,000 to the cost, resulting in 
a total price of $48,000 for purchase and installation of the system.  These costs represent the 
maximum costs that are expected; actual costs for installation and system housing could be less. 
 
The above costs assume that a three-phase power line, which would be required for the most 
efficient artificial circulation systems, is available at the site.  If not, the cost for extending three-
phase power can add $5 to $10/foot to the installation costs.  In-kind services for installation and 
supervision could reduce the cash requirement.  Annual operation and maintenance (O&M) costs 
for the system would be approximately $6,600, including $6,100 for electricity, based on a cost 
of $0.07/kwh, and $500/yr for compressor maintenance and spare parts. 
 
Selective Dredging 
 
Comparison of results from the bathymetric survey of Stephen Foster Lake conducted during the 
current study with the reported initial lake volume indicated that about 3.67 x 105 m3 (296 acre-
ft) of sediment, or 29 percent of the original lake volume, has accumulated in the lake since it 
was impounded in 1977.  While it is neither desirable nor economically feasible to remove all of 
this sediment, a selective dredging program could be considered to remove sediment from areas 
of significant accumulation. 
 
The most likely target for a selective dredging program would be the forebay area to the west of 
SR 4015.  Approximately 2 feet of sediment have accumulated in this area, with a total volume 
of about 20,000 cubic yards.  Additional accumulations in the southwestern part of the lake to 
the east of SR 4015 could also be removed instead of, or in addition to, those in the forebay area. 
 Sediment removal could be considered at some future date to maintain the sediment trapping 
efficiency of this area and to reduce the transport of sediment to the main body of the lake.  
Sediment accumulations in deeper areas do not currently interfere with recreational uses of the 
lake, and removal of these sediments does not appear to be economically justified. 
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Dredging methods can be divided into the broad categories of hydraulic and mechanical 
dredging.  Hydraulic dredging involves the use of a floating barge equipped with a cutter head 
that pumps a slurry of water and sediment to a settling basin.  Mechanical dredging uses 
conventional earth moving equipment to remove sediment, often after the lake has been drawn 
down to allow sediments to dry. 
 
Hydraulic dredging does not require lake lowering and can be done in very shallow water once 
the dredge has been launched.  Hydraulic dredging is often cheaper than mechanical dredging, 
particularly for very large projects. 
 
The size and location of disposal areas is particularly important for hydraulic dredging projects.  
Hydraulic dredging usually requires a large disposal site to handle the large volume of water 
which is pumped along with the sediments.  As a general rule, the disposal area for a hydraulic 
dredging project should contain approximately twice the volume of the material to be dredged.  
Larger disposal area volumes may be required for sediments that settle slowly, and chemical 
treatment of the effluent from the disposal area is sometimes necessary to ensure that a sufficient 
portion of the nutrients and suspended solids settles out of the water.  Hydraulic dredging can 
still be used for projects with potential disposal areas that are smaller than the optimum size if 
the project can be completed in stages to allow drying and removal of dredged sediments. 
 
There are several methods available for mechanical dredging, depending upon site conditions 
and access.  Floating barges equipped with clamshell buckets can be used for mechanical 
dredging projects, but they typically require 4 to 6 feet of water to maneuver and may not be 
suitable for Stephen Foster Lake. 
 
Mechanical dredging more typically follows a lake drawdown.  The drawdown allows bottom 
sediments to dry and consolidate, thus reducing the actual volume of excavated sediments.  
Mechanical dredging can be accomplished with either conventional earth moving equipment, if 
the site dries sufficiently during drawdown, or through the use of a crane equipped with a 
dragline or clamshell bucket.  Because of its relatively large watershed, the Stephen Foster Lake 
sediments may not dry sufficiently to the allow the use of scrapers or backhoes for a dredging 
project.  As a result of the above considerations, a dragline would appear to be the method of 
choice.  Shoreline access around the perimeter of the forebay area is available and would 
facilitate completion of a mechanical dredging project. 
 
Dredging can have adverse environmental impacts by increasing turbidity, lowering dissolved 
oxygen levels, and destroying benthic organisms.  Impacts would be limited because the existing 
turbidity in Stephen Foster Lake is already high, and the benthic community can become 
significantly re-established within a few years if part of the lake bottom is left undisturbed 
(Peterson, 1981). 
 
Cost estimates were obtained for a 20,000 cubic yard dredging project for both hydraulic and 
mechanical dredging.  A cost estimate of $6 to $8/cubic yard was obtained for mechanical 
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dredging, resulting in a contractor cost of $120,000 to $160,000.  This cost assumes that the 
disposal area would require little preparation nd would be located within one mile of the 
dredging project.  Coastal's recent experience with mechanical dredging projects in this area 
indicates that costs could increase to $20/cubic yard, or more, if the disposal area is located in a 
more remote location that required additional trucking. 
 
Costs for hydraulic dredging vary with the size of the project.  An estimate for the removal of 
20,000 cubic yards is $40,000 for preparation of a disposal area, $20,000 for mobilization and 
$5/cubic yard for sediment removal, for a total contractor cost of $160,000.  These costs would 
increase if a pumping distance of more than 4,000 feet is required to reach the disposal area. 
 
The costs listed above are construction costs only.  An additional 20 to 25 percent of the 
construction cost, or about $40,000, would be needed for permitting, engineering design and 
construction supervision.  The estimated total cost for a dredging project to remove 20,000 cubic 
yards of sediment from the forebay area of Stephen Foster Lake is $200,000. 
 
Bottom Withdrawal 
 
The withdrawal of nutrient-rich water from the hypolimnion is often suggested as a means of 
minimizing the impacts of internal nutrient loading, and may have some potential as a possible 
management measure for Stephen Foster Lake.  This method is relatively easy to implement in 
reservoirs, which usually have outlet structures designed to allow the release of water from the 
lake bottom. 
 
The major problem with hypolimnetic withdrawal involves adverse effects on the receiving 
stream.  Hypolimnetic waters typically have very low dissolved oxygen concentrations and 
contain relatively high concentrations of sulfide and ammonia, all of which can be toxic to 
aquatic organisms.  Bottom waters usually also contain high concentrations of iron and 
manganese, which are oxidized on exposure to air and can form precipitates on the stream 
bottom following discharge. 
 
A rapidly flowing stream can assimilate hypolimnetic discharges much more easily than slow-
moving streams because mixing reduces the concentrations of detrimental constituents, and 
turbulence increases the rate of re-aeration.  As a result, limiting hypolimnetic withdrawals to 
periods when storm runoff is high can minimized their impacts.  Malfunctioning outlet 
mechanisms represent another potential problem because they can result in drastic water losses if 
the discharge cannot be stopped after a planned release.  The Mt. Pisgah State Park Management 
Manual (PaDER, 1986) recommends testing the gate valves twice each year, but this provides no 
guarantee that a malfunction cannot occur. 
 
Costs for hypolimnetic withdrawal would be limited to personnel time for opening and closing 
the two gate valves that draw water from the bottom of Stephen Foster Lake, plus any cost 
required for obtaining the necessary permit.  A maximum cost of $1,000 was assumed to obtain 
the permit. 
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No Action Alternative 
 
There is a chance that water quality in Stephen Foster Lake will not improve noticeably, even if 
all of the recommended lake and watershed management alternatives are implemented.  Water 
quality in Stephen Foster Lake can be expected to continue to deteriorate if no management 
measures are implemented.  Algal blooms will become more frequent and extensive, leading to 
more extensive oxygen depletion and increasing the internal recycling of nutrients, which will, in 
turn, cause more algal blooms.  Rooted aquatic plant growth would normally be expected to 
increase as the continuing sediment load causes the lake to become shallower; however, algal 
blooms limit light penetration and will help prevent the spread of rooted aquatic plants.  
Sediment accumulation, which has already filled an estimated 29 percent of the original lake 
volume, would also continue at current rates. 
 
Stephen Foster Lake currently maintains a very good fishery, but this fishery may begin to 
decline if algal blooms and the anoxic areas in the lake become more extensive.  A fish kill, 
either during the summer months following a prolonged period of stagnation, or during the 
winter when the lake is covered with ice, could occur as the volume of the lake with low 
dissolved oxygen concentrations continues to expand. 
 
The preliminary engineering report prepared by the Pennsylvania Department of Forest and 
Waters (PaDFW) in 1968 (reported in PaDER, 1986) recognized potential water quality 
problems in Stephen Foster Lake even before the lake was created.  That report predicted 
nuisance algal blooms and weed growths as a result of the poor quality and low quantity of water 
in Mill Creek during the summer months.  In addition, the PaDFW report recommended that the 
lake size be kept relatively small to allow it to flush during thunderstorms and spring runoff; this 
is the current situation and will continue under the no action alternative. 
 
The Pennsylvania DEP, Bureau of State Parks, the Bradford County Conservation District and 
Stephen Foster Lake users will need to decide whether or not implementation of the 
recommended alternatives should proceed, with the understanding that lake water quality may 
not significantly improve, or if the no action alternative should be selected.  This report and other 
studies being conducted by the Bradford County Conservation District will provide the 
information that is necessary to objectively evaluate the no action alternative. 
 
 
1.7.3 - Evaluation of Management Alternatives 
 
The management options for Stephen Foster Lake and its watershed discussed in the previous 
sections are summarized in Table 1.7.3.  Costs are provided on an item basis, unit basis, or both 
when a total or estimated quantity is available.  The actual cost for implementation of many of 
the proposed restoration measures, particularly agricultural BMP's and shoreline stabilization, 
are likely to change as additional field work is completed and specific locations for their 
implementation are identified.  Actual costs for artificial circulation and dredging will depend 
upon the final design specifications. 
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Table 1.7.3 - Potential Lake and Watershed Restoration Measures 
 

Alternative Quantity Cost 

 Watershed Management Measures 

  Agricultural BMP's 
 Manure Storage Facilities 
 Manure Pumps 
 Milkhouse Waste Treatment 
 Dry Manure Stacking Areas 
 Barnyard Stabilization 
 Barnyard Filters 
 Heavy Use Area Protection 
 Streambank Fencing 
 Crop Mgmt. Assoc. Membership 
 Diversions/Terraces 
 Pasture Management 
 Strip Cropping 
  Total 

 
3,950,000 gal 

7 
3 Systems 

3 Dry Stacks 
26,000 ft2

26,000 ft2

25,000 ft2

18,000 ft 
200 acres 
5,000 ft 
90 acres 
50 acres 

 
$258,000 
$70,000 
$15,000 
$45,000 
$65,000 
$7,800 
$25,000 
$25,200 

$600 
$6,500 
$270 
$350 

$518,720 

  Streambank Stabilization 4,520 ft $361,600 

 In-Lake Methods 

  Algae Control 
 Chelated Copper Sulfate 
 Bacterial Inoculants 

 
70 acres 
70 acres 

 
$1,540/treatment 

$10,500/yr 

  Artificial Circulation 1 $48,000 + 
$6,600/yr O&M 

  Selective Dredging 20,000 yd3 $200,000 

  Bottom Withdrawal 1 $1,000 

  No Action Alternative 1 $0 

  Total Cost of Identified Alternatives $1,130,860 - $1,139,8201

1Costs for all alternative other than the no action Alternative.  Assumes one of the two algal 
control 
 methods will be used; operation and maintenance are extra. 
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A feasibility matrix was developed to objectively evaluate the implementation of potential lake 
and watershed management methods (Table 1.7.4).  An ordinal ranking, based on a score of 1 to 
5, was generated for each alternative.  Those alternatives scoring the highest were given priority 
consideration.  The feasibility of each option was judged on the basis of: 
 
  Pollutant Reduction - How substantial a decrease in nutrient and/or sediment 

loading could be expected from implementation of this method? 
 
  Practicality - Can the method be practically implemented for Stephen Foster Lake 

and/or its watershed? 
 
  Effectiveness - Based on the scientific literature, how effective is this method is 

meeting desired management objectives? 
 
  Cost - How does the cost of implementing the technique compare to the expected 

returns? 
 
  Environmental Impacts - Are there any adverse environmental impacts associated 

with implementation of the technique? 
 
Individual rankings were based on a combination of best professional judgement, experience 
with previous projects and results reported in the literature.  These results are subjective and 
subject to individual interpretation. 
 
Review of the matrix scores (Table 1.7.4) indicated that implementation of agricultural BMP's, 
streambank stabilization, artificial circulation and bottom withdrawal had the highest ratings, 
followed closely by the no action alternative.  The implementation of agricultural BMP's and 
streambank stabilization would have the most significant nutrient and sediment reductions, but 
installation of an artificial circulation system would also reduce internal phosphorus loadings.  In 
the case of the agricultural BMP's and streambank stabilization, however, these benefits must be 
judged against the high cost involved. 
 
The use of bacterial inoculants for algae control had a relatively low rating, but may be worthy 
of evaluation if nutrient reduction measures are not implemented and algal blooms continue to be 
a problem.  Dredging also had a relatively low rating, but may have to be considered in the 
future if sediment accumulations begin to interfere with beneficial uses of the lake.  The use of 
copper sulfate for algae control is not recommended, primarily because of its adverse impact on 
non-target species. 
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Table 1.7.4 - Management Alternatives Feasibility Matrix 
 

Alternative Pollutant 
Reduction 

Practicality Effectiveness Cost Environmental 
Impacts 

Overall 
Rating 

  Agricultural BMP's 5 3 5 2 5 20 

  Streambank Stabilization 4 4 4 2 5 19 

  Algae Control 
 Chelated Copper Sulfate 
 Bacterial Inoculants 

 
1 
1 

 
3 
3 

 
5 
3 

 
4 
3 

 
1 
5 

 
13 
15 

  Artificial Circulation 3 4 4 3 4 18 

  Selective Dredging 2 3 5 2 3 15 

  Bottom Withdrawal 3 4 4 5 2 18 

  No Action Alternative 1 5 3 5 3 17 
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1.8 - Stephen Foster Lake Restoration and Management Plan 
 
A lake and watershed management plan was developed for Stephen Foster Lake that was based 
on the results of the monitoring program (Section 1.4), pollutant budgets (Section 1.5) and the 
evaluation of alternatives (Section 1.7).  Management activities can take one of two directions:  
either the No Action alternative will be selected or an active lake and watershed management 
program will be initiated.  If the No Action alternative is selected, no formal management plan 
will be initiated and water quality in the lake can be expected to continue to deteriorate.  The 
following discussion is appropriate if an active lake and watershed management plan is initiated. 
 This initial components of this plan would include implementation of agricultural BMP's, stream 
bank stabilization, installation of an artificial circulation system and periodic bottom 
withdrawals. 
 
Additional activities may be considered in future years.  A selective dredging project may 
become necessary if sediment accumulations begin to interfere with recreational use of the lake.  
A pilot program to evaluate the use of bacterial inoculants for algae control could also be 
considered as an alternative method of dealing with the problems caused by heavy algal blooms. 
 Recommended tasks for the proposed Stephen Foster Lake Restoration Project are summarized 
in Table 7.1 and discussed in detail below. 
 

Table 1.8.1 - Task Descriptions for the Stephen Foster Lake Restoration Project 
 

Task Description 

1 Implementation of Agricultural BMP's 

2 Streambank Stabilization 

3 Installation of an Artificial Circulation System 

4 Bottom Withdrawal 

5 Use of Bacterial Inoculants (Optional Pilot Program) 

6 Selective Dredging (Future Project) 

7 Public Education 

8 Lake and Watershed Monitoring 

9 Project Documentation 
 
Implementation of Agricultural BMP's 
 
Recommended agricultural BMP's for the Stephen Foster Lake watershed were determined 
following a survey conducted by the Bradford County Conservation District.  The suggested 
BMP's were summarized in Table1.7.1 and have a total cost of $518,720.  Actual farm 
participation will depend upon available cost share amounts. 
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The suggested BMP's will help control nutrient inputs for animal wastes, which contribute an 
estimated 175 kg of phosphorus (10 percent of the total annual load) and 1,166 kg of nitrogen (4 
percent of the total annual load) to Stephen Foster Lake.  Implementation of agricultural BMP's 
would also help control erosion from other agricultural activities to further reduce nutrient and 
sediment loadings to the lake.  These other activities, along with streambank stabilization (see 
below), could conceivably control an additional 10 percent of the total phosphorus load to 
Stephen Foster Lake. 
 
 
Streambank Stabilization 
 
The stream survey conducted as part of this study identified over 4,520 feet (1.380 m) of eroding 
streambanks in the Stephen Foster Lake watershed.  Some additional eroding areas were noted 
but not quantified.  Eroding stream segments have the potential to directly contribute large 
amounts of sediments and nutrients to Mill Creek and its tributaries.  These pollutants can then 
be easily transported to Stephen Foster Lake. 
 
Actual costs for streambank stabilization cannot be determined until the exact method of 
stabilization is specified.  The estimated cost of $80/foot assumed that rip-rap would be used for 
most of the necessary stabilization.  Lower costs may be realized if areas suitable for vegetative 
stabilization can be identified; however, the cost used should provide a good estimate of actual 
costs based on the experience of the Bradford County Conservation District.  The total estimated 
cost of $361,600 is high, but may be justified because of the its high potential for nutrient and 
sediment control and because of severity of streambank erosion in the watershed. 
 
The funding application for agricultural BMP's could also include streambank stabilization.  If 
funding is not available from this source, then other agricultural cost-share programs would need 
to be considered because of the high cost of this option. 
 
 
Installation of an Artificial Circulation System 
 
The installation of an artificial circulation system should be considered for Stephen Foster Lake, 
unless personnel from Mt. Pisgah State Park determine that such a system is incompatible with 
other park uses.  An artificial circulation system would reduce internal phosphorus loading, 
which currently contributes an estimated 8 percent of the total phosphorus loading to the lake.  
The system should also minimize  the frequency and magnitude of cyanophyte blooms, and lead 
to higher populations of zooplankton, benthic macroinvertebrates and fish. 
 
The estimated cost for the purchase and installation of an artificial circulation system is $48,000. 
 Annual operation and maintenance costs for the system would be approximately $6,600. 
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Bottom Withdrawal 
 
The release of water from the bottom of Stephen Foster Lake during the summer months would 
provide an easy and inexpensive means of flushing nutrients and water with low dissolved 
oxygen concentrations from the lake.  Few, if any, fish would be lost because they avoid areas 
with low dissolved oxygen concentrations.  Any such releases should only be made during 
periods of high flow, i.e., following storm events, to minimize potential adverse impacts on Mill 
Creek below the dam. 
 
This activity can be conducted by personnel from Mt. Pisgah State Park.  No additional costs 
would be required unless an outside consultant was used to prepare the required permit.  A cost 
of $1,000, which should be a maximum figure, was used for this activity for budgetary purposes. 
 
 
Use of Bacterial Inoculants (Optional Pilot Project 
 
Extensive algal growth, including periodic cyanophyte blooms, has been one of the major 
problems identified in Stephen Foster Lake.  Bacterial inoculants have shown promise for 
control of these blooms and are worthy of evaluation.  A limited pilot program to evaluate the 
potential of bacterial inoculants for algae control is suggested as an optional restoration activity. 
 
The estimated cost for treating the whole lake is $10,500/year.  Phytoplankton monitoring is 
required to evaluate the success of this program, but the proposed monitoring program (Section 
7.8) should be sufficient for this purpose.  A more limited program, focusing on the area of the 
lake to the southwest of the inlet, could also be conducted for approximately $3,000 if funding is 
limited.  The higher figure was used for budgetary purposes. 
 
 
Selective Dredging (Future Project 
 
Although it appears that sedimentation has filled a significant portion of the original volume of 
Stephen Foster Lake, an extensive dredging project is not recommended.  A selective dredging 
project may be considered at some future date if sedimentation begins to interfere with 
recreational uses of the lake.  The most likely target for a selective dredging program would be 
the forebay area to the west of SR 4015, although the area to the east of this road may also be 
considered.  About 2 feet of sediment have accumulated in the forebay area, with a total volume 
of about 20,000 cubic yards.  Removal of this sediment would maintain the sediment trapping 
efficiency of this area and to reduce sediment transport to the main body of the lake. 
 
The estimated total cost for a dredging project to remove 20,000 cubic yards of sediment from 
the forebay area of Stephen Foster Lake is $200,000.  This includes both construction and 
engineering costs for the project.  Because costs were similar for both mechanical and hydraulic 
dredging, it is likely that the location of potential disposal areas would determine the most 
appropriate dredging method. 
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Public Education Program 
 
The continuing public education efforts conducted by the Bradford County Conservation District 
should be continued as part of the Stephen Foster Lake restoration project.  One public meeting 
should be held during each year of the project to provide an opportunity to inform watershed 
land owners, Mt. Pisgah State Park users, and other interested members of the public of project 
progress and to permit public input on possible new directions for the implementation of 
restoration activities.   
Costs for the public education program would be primarily associated with in-kind services 
provided by Bradford County Conservation District personnel.  Additional costs could be 
incurred for such activities as providing a permanent display at the park to inform park users of 
project goals and progress.  Total costs for the public education program were estimated to be 
$2,500 per year. 
 
 
Proposed Monitoring Program 
 
The collection of additional monitoring data is required for restoration projects funded by the 
U.S. EPA to document changes in water quality that occur as a result of the implementation of 
recommended management measures.  A monitoring program for Stephen Foster Lake and its 
watershed is recommended even if a lake restoration project is not funded by the U.S. EPA to 
document water quality. 
 
The proposed monitoring program will focus on lake water quality to evaluate the results of 
proposed lake and watershed management activities.  Lake samples collected monthly from May 
through September when lake use is highest and water quality problems are most apparent. 
 
Because there were only minor differences in surface samples collected from the two sampling 
stations, samples would only need to be collected from the deeper Station 1 during the 
restoration project.  Routine monitoring parameters, including Secchi depth, temperature and 
dissolved oxygen profiles, pH and conductivity, would be measured in the field on each 
sampling date.  Analysis of both phosphorus and nitrogen is recommended because of the 
relatively low nitrogen concentrations found during the limnological survey (Section 1.4).  Total 
suspended solids concentration should also be analyzed because of the high turbidity in the lake. 
 
Samples for the analysis of phosphorus (total phosphorus only), nitrogen (nitrate+nitrite-N, 
ammonia-N and total N), total suspended solids, pH and conductivity will be collected from the 
top, middle and bottom of the water column at Station 1 and from the surface only at Station 2 to 
provide additional information on stratification and spatial variability.  Biological activity will be 
evaluated by analyzing a composite sample collected at Station 1 for chlorophyll a, 
phytoplankton (to genera) and zooplankton (to genera) on each sampling date.  Collection and 
analysis of these biological samples would be especially important in evaluating changes 
occurring as a result of the installation of an artificial circulation system or the use of bacterial 
inoculants for algae control. 
 
Runoff samples should be collected at locations both upstream and downstream of areas where 
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agricultural BMP's or streambank stabilization measures are installed to evaluate the 
effectiveness of these activities.  Additional samples should be collected from similar areas that 
have not been treated to provide background information.  Runoff samples should be analyzed 
for total phosphorus, total nitrogen, ammonia-N, nitrate+nitrite-N and total suspended solids to 
provide an indication of the pollutant reductions achieved.  The number and location of runoff 
samples cannot be determined until locations for the implementation of watershed management 
activities are identified, but it was assumed that 20 runoff samples would be collected each year 
for budgetary purposes. 
 
The estimated annual cost for laboratory fees for the proposed monitoring program is $2,500.  It 
is assumed that lake and watershed sampling would continue to be performed by personnel from 
the Bradford County Conservation District or from Mt. Pisgah State Park.  The time spent by 
these personnel could be used to help meet any required match from funding agencies. 
 
 
Project Documentation 
 
A detailed work plan is required by both the U.S. EPA Clean Lakes and Nonpoint Source 
Programs, as well as by many other funding agencies, before initiation of sampling activities.  A 
work plan for the Stephen Foster Lake Restoration Project will include a Quality Assurance 
Project Plan designed to meet all requirements of the U.S. EPA and/or other appropriate funding 
agencies. 
 
Progress reports will be prepared and submitted as required by potential funding agencies to 
document project results.  Each progress report will contain a description of project activities and 
copies of all data collected. 
 
An annual report will be prepared to summarize monitoring results and to provide additional 
management recommendations.  The annual report will be designed to meet the reporting 
requirements of potential funding agencies and include all required information. 
 
Documentation costs will also depend upon requirements of the funding agency and whether or 
not an outside consultant is involved in the project.  For example, consultant costs for preparing 
a detailed work plan meeting U.S. EPA requirements are estimated to be $2,000, while annual 
reports can range from $2,500 to $10,000, depending upon the number and complexity of reports 
required.  An estimate of $5,000 was used for documentation costs for the first year of the 
proposed restoration project. 
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Proposed Restoration Costs 
 
Complete costs for all potential restoration activities were included in Table 6.3.  Total costs for 
those restoration activities which are recommended for implantation as soon as funding becomes 
available are summarized in Table 1.8.2. 
 

Table 1.8.2 - Proposed Project Budget 
 

Task Costs 

Implementation of Agricultural BMP's $518,720 

Streambank Stabilization $361,600 

Installation of an Artificial Circulation System $61,2001

Bottom Withdrawal $1,000 

Bacterial Inoculants $10,500 

Public Education $2,5002

Monitoring $2,5002

Project Documentation $5,000 

Total Project Costs $963,020 

1Includes operations and maintenance costs for two years. 
2Annual Cost. 

 
Because of the high cost of the potential management alternatives for Stephen Foster Lake and 
its watershed, an outside funding source will probably be required before restoration activities 
are initiated.  The U.S. EPA Nonpoint Source (319) Program has been the primary funding 
source for large-scale watershed management activities in recent years.  This source would be 
appropriate for the recommended agricultural BMP's and stream bank stabilization.  An 
application for 319 funding should be filed in June 1996, which would result in a project starting 
date of March 1997.  Cost-share programs administered by the NRCS and the FSA may also be 
used to provide funding for these activities. 
 
Installation of an artificial circulation system would help control internal nutrient loadings, but it 
may be difficult to obtain funding for this measure under the Nonpoint Source Program.  The 
U.S. EPA Clean Lakes Program has been a funding source for in-lake activities of this type; 
however, funding for this program has been eliminated from the most recent version of the 
Federal budget, and alternative sources may have to be identified.  Because the artificial 
circulation system would also benefit the lake fishery, the PaDCNR, Bureau of State Parks and 
the Pennsylvania Fish and Boat Commission may have some funding for projects of this type. 
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Implementation Schedule 
 
A proposed implementation schedule for the Stephen Foster Lake Restoration Project is 
presented in Table 1.8.3.  The schedule assumes that a grant from the U.S. EPA Nonpoint Source 
Program will be sought and used to fund the bulk of the restoration activities.  Work under this 
program would begin in 1997, which would also allow time to seek alternative funding sources 
for items, such as the artificial circulation system, which may not receive Nonpoint Source 
Program funding.  The schedule allows a period of 2 1/2 years for the implementation of the 
recommended activities.  Bottom withdrawals could begin in summer 1996 and continue as 
needed. 
 
Installation of the proposed agricultural BMP's and streambank stabilization projects would 
begin as soon as funding becomes available.  The installation of the artificial circulation system 
and pilot bacterial inoculant program are also tentatively scheduled for summer 1997.  Project 
monitoring, public education and project documentation would continue throughout the project. 
 

Table 1.8.3 - Proposed Implementation Schedule 
 

Program Element Time Period 

  Implementation of Agricultural BMP's 2 1/2 years beginning in 1997 

  Streambank Stabilization 2 1/2 years beginning in 1997 

  Installation of Artificial Circulation System 
 Specifications and Installation 
 Periodic Maintenance 

Summer 1997 or later years 
3 to 6 months prior to installation 

As Required 

  Bottom Withdrawal Summer 1996 and thereafter, as 
required 

  Use of Bacterial Inoculants for Algae Control Summer 1997 or later years 

  Public Education Throughout Project 

  Monitoring Program Summer 1997 - End of Project 

  Project Documentation Throughout Project 
 
 
Lake and Watershed Improvements 
 
The recommended watershed restoration techniques, including implementation of agricultural 
BMP's and shoreline stabilization, could potentially remove an estimated 20 percent of the 
annual phosphorus load to Stephen Foster Lake.  The installation of an artificial circulation 
system could remove an additional 8 percent of the annual phosphorus load.  The combined 28 
percent removal of the annual phosphorus load is near the reduction of 30 percent required to 
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meet a target total phosphorus concentration of 0.050 mg/L. 
 
Reduction in nutrient loadings of this magnitude should result in improved water quality in 
Stephen Foster Lake.  In addition, the proposed watershed restoration measures would reduce 
erosion to improve valuable farm land.  The reduced erosion would also prolong the life of 
Stephen Foster Lake by limiting the amount of sedimentation which is currently occurring. 
 
Technical and Financial Feasibility 
 
The proposed restoration activities for Stephen Foster Lake and its watershed are all technically 
feasible and have been demonstrated to reduce sediment and nutrient loadings for lakes and 
watershed throughout the country.  The overall cost of the program, $963,020, is high, but this 
cost must be weighed against the potential loss of Stephen Foster Lake as a viable recreational 
asset for Mt. Pisgah State Park if the restoration project is not initiated. 
 
Operation and Maintenance Plan 
 
The installation of an artificial circulation system would require periodic maintenance to replace 
worn or damaged parts.  In general, the manufacturer's recommendations for maintenance should 
be followed.  As a minimum, annual inspections should be performed to identify parts of the 
system needing replacement. 
 
The recommended agricultural BMP's will also require periodic maintenance.  Pumping of 
manure storage facilities at recommended intervals, periodic cleaning of sediment from terraces 
and diversions, and regular upkeep of fences and streambank stabilization improvements will 
help maintain the effectiveness of these items. 
 
Permit Requirements 
 
A County Erosion and Sediment Control Permit will probably be required for activities 
involving land disturbance.  Potential activities which could be covered under this permit include 
dredging, shoreline stabilization, and construction of sedimentation basins in the watershed.  
Exact permit requirements for projects of this type are usually determined at a pre-application 
meeting once preliminary project plans have been developed.  A dredging project for Stephen 
Foster Lake would also require a Joint Federal/State Permit under the U.S. Army Corps of 
Engineers Section 401 Program. 
 
A hypolimnetic discharge would require a drawdown permit.  Permit applications are submitted 
to the Pennsylvania Department of Conservation and Natural Resources (PaDCNR), and are also 
reviewed by the Pennsylvania Fish and Boat Commission (PFBC) from the Pennsylvania 
Department of Environmental Protection (PaDEP), Bureau of Dams and Waterways. 
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Environmental Evaluation 
 
Socio-economic and environmental impacts were considered as part of the alternatives analysis 
conducted for the Stephen Foster Lake Phase I study.  These impacts and potential mitigation 
measures are presented below using the environmental evaluation checklist from the EPA Clean 
Lakes Program Guidance Manual (1980). 
 
 1. Will the project displace people? 
 
 No. 
 
 2. Will the project deface existing residences or residential areas? 
 
 No. 
 
 3. Will the project be likely to lead to changes in established land use patterns or an 

increase in development pressure? 
 
 The Stephen Foster Lake watershed is currently stable.  None of the elements of the 

recommended restoration program should affect land use patterns and development 
pressure. 

 
 4. Will the project adversely affect prime agricultural land or activities? 
 
 No.  In fact, the implementation of the suggested agricultural BMP's would benefit 

agricultural land in the watershed. 
 
 5. Will the project adversely affect park land, public land or scenic land? 
 
 No.  The planned restoration activities will enhance the recreational and aesthetic uses of 

Stephen Foster Park. 
 
 
 6. Will the project adversely affect lands or structures of historic, architectural, 

archeological or cultural value? 
 
 There are no planned activities that would impact lands or structures of historic, 

archeological or cultural value. 
 
 7. Will the project lead to a significant long-range increase in energy demands? 
 
 A long-range increase in energy demand would be created by the operation of the 

compressor for an aeration system if this option is implemented; however, the anticipated 
demand is less than 100,000 kwh/year and is not exceptionally large. 
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 8. Will the project adversely affect short-term or long-term ambient air quality? 
 
 No impacts on air quality are expected. 
 
 9. Will the project adversely affect short-term or long-term noise levels? 
 
 Localized, temporary increases in noise levels would be associated with construction 

activities, such as a dredging project or shoreline stabilization.  The operation of a 
compressor for the artificial circulation system would also increase local noise levels; 
however, the compressor would be housed in an enclosure to minimize noise levels. 

 
10. If the project involves the use of in-lake chemical treatment, will it cause any short-term 

or long-term effects? 
 
 No in-lake chemical treatments are recommended. 
 
11. Will the project be located in a floodplain? 
 
 The dredging project and shoreline stabilization activities will be located in a floodplain, 

and the artificial circulation system will be installed in the lake; however, no adverse, 
long-term impacts are expected from any of these activities. 

 
12. Will structures be constructed in the floodplain? 
 
 No permanent structures will be constructed in the floodplain. 
 
13. If the project involves physically modifying the lake shore, its bed, or its watershed, will 

the project cause any short or long-term adverse effects? 
 
 Dredging can have temporary adverse impacts on benthic organisms, but no long term 

effects are expected.  A dredging project would also modify portions of the lake bed by 
returning it to original contours.  Streambank stabilization activities would modify 
portions of the watershed, but these activities would have beneficial long-term impacts 
on the lake and its watershed. 

 
14. Will the project have a significant adverse effect on fish and wildlife, wetlands or other 

wildlife habitat? 
 
 None of the proposed restoration activities would have adverse long-term impacts on fish 

and wildlife.  In fact, the installation of an artificial circulation system should improve 
the lake's fishery. 
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15. Have all feasible alternatives to the project been considered in terms of environmental 
impacts, resource commitment, public interest and cost? 

 
 All feasible alternatives for the restoration of Stephen Foster Lake have been thoroughly 

analyzed.  The recommended plan should result in an improvement to lake water quality 
without creating any major adverse environmental impacts. 

 
16. Are there other measures not previously discussed which are necessary to mitigate 

adverse impacts resulting from the project? 
 
 There are no necessary mitigation measures known at the present time which have not 

been discussed. 

 

 
 
 106



Mill Creek/Stephen Foster Lake 319 Implementation Plan July 2008 
 

1.9 - Public Education and Participation 
 
The Bradford County Conservation District had primary responsibilities for the public education 
activities conducted during the Stephen Foster Lake Phase I Study.  At the onset of the Phase I 
study, the District developed an education strategy in conjunction with its project oversight 
committee.  This committee included representatives from U.S. Department of Agriculture 
Agencies, the Pennsylvania State University Extension Service, the Farm Bureau, the Grange, 
the Bradford County Planning Commission and Educators. 
 
An ongoing educational monitoring effort was developed with the Mt. Pisgah State Park.  Project 
educational funds were utilized to equip the Park personnel to carry out the goals of this program 
 
In total, three public meetings were held in the watershed to review the project, provide updates 
and review results.  One meeting was a barbecue held at the park for watershed residents.  Dates 
of the public meetings were 16 March 1995, 22 August 1995 and 21 December 1995.  Coastal 
prepared a project summary for distribution at the final public meeting.  Comments received 
during the public meetings were considered and incorporated into the final report, as appropriate. 
 
To assist in the evaluation of management alternatives, representatives of the District contacted 
every landowner in the Stephen Foster Lake watershed to determine applicable agricultural 
BMP's.  Most of the landowners also cooperated with the Mill Creek stream survey conducted 
for the study.  In addition, two newsletters were developed and mailed to every landowner in the 
Stephen Foster Lake watershed to provide project updates. 
 
The Bradford County Conservation District worked with two high school groups to incorporate 
the Stephen Foster Lake Phase I Study into their curriculum.  Students from Troy High School 
and Towanda High School were involved. 
 
A brochure aimed at fishermen, the lake's primary users, was developed and printed.  The 
brochure addressed water quality issues specific to Stephen Foster Lake and its fisheries. 
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SECTION II 
 

IMPLEMENTATION ACCOMPLISHMENTS OF PHASE I PLAN 
 

2.0 – Executive Summary 
 
Funding for the implementation of the recommendations contained in the Phase I Diagnostic  
Feasibility Study was successfully awarded to the Bradford County Conservation District in 
2000 through two grants.  The first was a Growing Greener Round 3 grant in the amount of 
$250,000.00 and the second was a Section 319 grant for an additional $250,000.  Round 4 of the 
Growing Greener Grants program awarded an additional $100,000 in 2003.  These funds were 
utilized to plan, design and implement the identified non-point source remediation practices.  
85% of the agricultural area in the watershed was placed under voluntary nutrient management 
plans that planed to the newly released State phosphorous index.  This was the first watershed 
wide application of this approach to nutrient planning utilizing this method.   11 of the 13 
identified farm locations in the watershed developed phosphorous based nutrient management 
plans and 9 realized all best management practice implementation. 
 
Additional work was accomplished on stream rehabilitation and protection.  2,530 feet of stream 
channel was restored utilizing a natural stream channel design approach.  A total of 5,060 feet of 
stream banks were protected through exclusion of cattle from the riparian area. 
 
 
2.1 - Stream Rehabilitation 
 
The Phase I Study revealed that significant impairment to Stephen Foster Lake was caused by 
excessive sediment loads.  The Study revealed that 29%, or 296 acre feet, of the original lake 
capacity had been lost due to sediment loads since it’s construction in 1977.  The Study also 
revealed that a number of significant sediment sources were from the streambank along Mill 
Creek. 
 
Upon the award of the grants, the Bradford County Conservation District conducted a 
reassessment and prioritization of the stream banks and channel of Mill Creek above Stephen 
Foster Lake.  The results of that reassessment are shown in table 2.1.1 and locations are shown in 
figure 2.1.1. 
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Table 2.1.1 – Revised Stream Site Inventory 
 

SITE# LENGTH HEIGHT INITIAL ASSESSMENT DESCRIPTION
#1 40' 5' •    RIP RAP OPPOSITE BANK MAY BE CAUSE  

•    BELOW BRIDGE 
#2 
 

170-200' 
 

5' 
 

•    JUST ABOVE CONFLUENCE WITH PISGAH CREEK  
•    LESS THEN 1% SLOPE  
•    SUGGEST SMALL STRUCTURES, OBSTRUCTION REMOVAL, 
BANK GRADING 

#3 
 

200'+ 
 

5' 
 

•    JUST DOWNSTREAM OF FIRST RIP-RAP SITE  
•    LARGE TREES AT RISK 

#4 100' 4' •    FAILED ROOT WADS  
•    BELOW SECOND RIP-RAP SITE 

#5 120' 3' •    FAILED ROOT WADS 
#6 175' 3'  
#7 3-400' 2-3' •    FAILED ROOT WADS  

•    RIP-RAP AREA  
•   FAILED LOG STRUCTURE 

#8 200' 2-3' •    RECONSTRUCTION MAY BE NEEDED  
•    TRANSITION OF "C" TO "E"   
•    FROM LOG STRUCTURES DOWNSTREAM 

#9 
 

600' 
 

5-6' 
 

•    SERIOUS SEDIMENT SOURCE  
•   CHANNEL RECONSTRUCTION NEEDED 

#10 
 

500' 
 

2-3' 
 

•    TREES SERIOUSLY UNDERCUT  
•    CHANNEL RECONSTRUCTION NEEDED  
•    SITE ENDS AT BARBED WIRE 

#11 300' 3' •    LACK OF RIPARIAN AREA 
#12 150’ 20' •    HIGH BANK SLIP SLIDE AREA 
#13 
 

180' 
 

4'+ 
 

«    CHANNEL RELOCATED FAILURE  
•    OUTSIDE BEND SEVERELY ERODING 

#14(A) 
#14(B) 
 

300' 600' 
 

6-10' 
4-12' 

 

•    OUTSIDE CURVE ERODING FROM WOODS TO BRIDGE  
•    SEE ABOVE, PASTURE AND WOODS  
•    HIGH SEDIMENT SOURCE 

#15 
 

100' 
 

3-4' 
 

•    CHANNEL STRAIGHTENED FROM BRIDGE TO STREAM 
BEND  
•    GOES FROM "E" CHANNEL 15' WIDE TO 18' WIDE "C" 

#16 
 

??? 
 

??? 
 

•    "E/G/F" CHANNEL STRAIGHTENED  
•    HIGH SOURCE OF SEDIMENT 

#17 
 

•V9 
 

?''? 
 

•    NEEDS STREAM FENCING AND RIPARIAN PLANTING  
•    LANDOWNER NOT INTERESTED 

 
 

From the inventory, 2 significant sites were identified that combined, contributed an estimated 
216 tons of sediment annually.  Sediment estimates were calculated through the use of the Bank 
Erosion Hazard Index (BEHI) of very high and Near Bank Stress (NBS) of very high.  Both sites 
were being utilized as intensive grazing areas for dairy livestock. 
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Figure 2.1.1 Revised Stream Inventory Location Map 
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In order to facilitate the design of these sites as well as future stream sites and agricultural best 
management sites, the stream corridor was flown to develop accurate aerial photography as well 
as digital topographic mapping as exemplified in figure 2.1.2. 
 

Figure 2.1.2 – Digital Mapping of Mill Creek 
 

 
 
Landowner cooperation for the two selected stream sites was facilitated through one on one 
contacts.   
 
The goal of the stream projects was to create a stable stream reach in the identified degraded 
sections.  A stable section is defined by the ability of a stream to transport the water and 
sediment of its watershed in such a manner as to maintain its dimension, pattern and profile, over 
time, without either aggrading nor degrading (Rosgen 1996).  Design of the channel 
rehabilitation took into consideration the: drainage area; discharge; velocity; Bankfull width, 
depth (mean and max.) and cross sectional area; width/depth ration; width of flood prone area; 
entrenchment ratio; channel materials; radius of curvature; meander length; profile feature slopes 
and lengths; valley type and slope and incision.  Table 2.1.2 lists the benefits of utilizing a 
“Natural Stream Channel Design Approach. 
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Table 2.1.2 – Benefits of Natural Stream Channel Design Approach 
 

Reduce accelerated bank and bed erosion Reduce nutrient loading to stream 
Create/Improve aquatic habitat Increase bio-diversity 
Decreased Temperature Increase bio-mass 
Increase recreation Increase aesthetics 
Ability of transport sediment effectively Reduce flooding 
Protect from land loss Improve water quality 

  
As mentioned, the stream sites selected were also areas that were subject to livestock grazing.  
As part of the projects, exclusionary fencing and stream crossings were established.  Total 
stream project costs were $120,110, or $47.47 per linear foot of stream rehabilitation.  The 
design was developed by the Bradford County Conservation District under the review and 
approval of the USDA Natural Resources Conservation Service.  The final design is represented 
in figure 2.1.3 
 

Figure 2.1.3 – Final Stream Rehabilitation Design 
 

 
 
Accomplishments are as listed in Table 2.1.3 below. 
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Table 2.1.3 – Stream Rehabilitation Accomplishments 
 

• 2,530 linear feet of stream restored 
• 5,060 feet of stream banks excluded from cattle 
• 28 bank protection structures installed 
• 2 stabilized stream crossings installed 
• alternate water supply installed 
• approximately 4 acres of riparian area planted and stabilized 
• box culvert outlet stabilized 

 
Funding sources for the accomplishments listed in table 2.1.3 related to the stream reaches 
rehabilitated included PA DEP Growing Greener, EPA Section 319 Grant; Chesapeake Bay 
Foundation; and USDA Natural Resources Conservation Service. 
 
 
2.2 – Agricultural Best Management Practices Implemented 
 
In the Phase I Study, 15 farms were identified as to having land in the watershed.  Of those 15 
farms, 13 had significant operations in the watershed as shown in figure 2.2.1.  During the Phase 
I Study, each farm was visited and evaluated and inventoried for best management practices 
(BMPs) that would contribute to water quality improvement in the watershed to Stephen Foster 
Lake.  Each of these practices were included with the farms and corresponding BMP estimates.   
 
Upon the awarding of two grants through the PA DEP, a Growing Greener Round 3 grant and an 
EPA Section 319 grant, the Conservation District revisited all farms in the watershed to 
determine participation and needs.  During these visits, the BMP needs for each of the farms was 
revised along with corresponding cost estimates for each of the farms agreeing to participate.  
The Conservation District utilized the existing Chesapeake Bay format for sign-ups, planning, 
technical and design assistance and contracting.  The contracting provided a legal format as well 
as conditions of operation and management of the BMPs after installation.  For the majority of 
these practices a 10 year operation and maintenance clause was maintained. 
 
Since Phosphorous (P) was the nutrient of concern for Stephen Foster Lake as determined by the 
Phase I Study and the TMDL published for the Lake in 2001, all participating farms were 
required to have a nutrient management plan that planned for the management of P.  This was 
accomplished through the utilization of the P Index developed as part of Pennsylvania’s Nutrient 
Management Regulations through Penn State University.  This was the first whole watershed 
application of the tool and required extensive soil fertility testing along all conduits of water that 
emptied into Mill Creek. 
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Figure 2.2.1 – Mill Creek Farms 
 

 
 
 
 

11 of the 13 farms agreed to develop nutrient management plans, resulting in 85% of the 
agricultural land being placed under nutrient management plans for P that also included updated 
conservation plans meeting the USDA Natural Resources Conservation Service guidelines.  The 
area with plans is shown in figure 2.2.2. 
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Figure 2.2.2 – Areas in Mill Creek Watershed Under Nutrient Management 

 

 

wner contributions, USDA EQIP 
rogram, Chesapeake Bay Foundation, Duck Unlimited, USDA Conservation Reserve Program 

P index used in nutrient 
management 

N based nutrient management 
(solid) 

 
Implementing the Plans 
 
As mentioned, the Conservation District utilized the existing Chesapeake Bay Program as the 
template for contracting and funding delivery.  The Bay Program also offered a source of 
planning, technical and engineering assistance as well as the legal contracting format.  The Bay 
Program contracting also offered a means of prioritization, based on pollution potential, quality 
assurance, reimbursement structure and the 10 year maintenance clause.  Cost share was offered 
to the participating farmers at a 80% rate with no cap.  A multitude of various funding programs 
and sources were utilized to achieve full implementation of the identified BMPs.  Along with the 
Growing Greener and 319 grants, other sources included lando
p
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CRP/CREP
7%

PA Act 6
5%

CBF/DU
4% Chesapeake 

Bay Program
2%

EQIP
13%

PA Growing 
Greener

24%
EPA Sec. 319

18%

Landow ner 
Contribution

27%

and Conservation Reserve Enhanced Program, and PA ACT 6 funding.  A breakdown of funding 
sources and am
 

 
 

 
Figure 2.2.3 – Ag & Stream BMP Funding Sources 

 

 
 

 
 
 

A total list of  2.2.2 
 
 

Landowner Contribution 351,040.00$     28%
PA Growing Greener 295,351.89$     24%

EPA Sec. 319 221,963.25$     18%
EQIP 161,874.00$     13%

CRP/CREP 89,842.00$        7%
PA Act 6 67,000.00$        5%
CBF/DU 46,647.24$        4%

Chesap 2%
Total = 1,254,563.21$  

ounts are shown in table 2.2.1 and figure 2.2.3 

Table 2.2.1 – Ag & Stream BMP Funding Sources and Amounts 
 

eake Bay Program 20,844.83$        

 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Agricultural Best Management Practices planned, is as follows in table
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Table 2.2.2 Agricultural BMPs Installed in Mill Creek Watershed 

Landowner Completed 
BMP's 

 
     

      
FARM A Milkhouse waste filter system       
    waste transfer       
    grassed filter area       
    perimeter fence       
FARM B nimal waste manag ) 

 transfer 

  

 
icultural cr sing (over a div sion) 

 
nt 

,294 feet streamba  = 4 cres buffer alon ill Creek) 

 protection 

A ement system (stacking area   
  waste    
  grassed filter area    
  perimeter fence  
  heavy use area protection   
 Stream protection system    
  agr os er   
  fencing and use exclusion   
  tree and shrub establishme   
 (4 nk fencing  a g M  
 Barnyard runoff system     
  roof runoff management    
  heavy use area   
  fencing     
FARM C Animal waste management system        
    waste storage facility (stacking area)     
    waste transfer       
    grassed filter area        
    perimeter fence       
    underground tlet ou       
  Barnyard runoff system         
    heavy use area protection (walkway)     
    heavy use area protection (feed  area) ing   
    fencing         
    diversion (300 feet)       
    roof runoff management (drip line) X3     
    grassed waterway        
    grassed filter area       
  Stream (wetland) protection system       
    fencing and use exclusion     
    tree and shrub establishment     
  (2,336 feet wetland e ing for 10 acres etland) xclusionary fenc  w   
FARM D nimal waste manag t milking facility

ond (earthen

  
arnyard runoff syste

 exclusion  
 

A ement system (a )   
  waste treatment p )   
  subsurface drain    
  waste transfer   

 
 

  perimter fence   
  waste utilization  
 B m (at hnme farm)    
  fencing and use   
  critical area planting    
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 Animal waste manag

 
  

  
ion  

nd shru establishment 

ement system (at home farm)   
  waste storage facility (stacking area)   
  waste transfer    
  grassed filter area    
  fencing     
  constructed wetland  
 Stream / wetland protection system    
  agricultural crossing   
  fencing and use exclus   
  tree a b   
FARM E Stream and wetland protection system       
    fencing and use exclusion     
    agricultural crossing        
FARM F tream protection sy

toration (2100 feet o atural stream esign) 
 

razing land protecti
feet of stream fo .9 acres) 

  
  

 tank 
 protection (trou  apron) 

d pipeline 
alkw  / equipment access 

  
  

arnyard runoff syste
 use area protection  

  

a 

S stem     
  stream res f n  d
  critical area planting   
  tree and shrub establishment   
  use exclusion     
 G on system    
  fencing (5,200 r 7  
  tree and shrub establishment 
  agricultural crossing   
  spring development    
  trough or    
  heavy use area gh  
  subsurface drain an   
  animal w ay   
 Milkhouse waste filter system    
  waste transfer  
  grassed filter area  
  fencing     
 B m - dairy herd    
  heavy   
  fencing of cattle walkways 
  waste transfer    
  grassed filter are    
FARM G Stream protection system         
    fencing (500 feet of stream for .2 acres) 20   
    critical area planting       
FARM H arnyard runoff syste  

a deed restrict ) 

manual remova f residual ma re) 
arnyard runoff syste  

(via deed restrict ) 

manual remova f residual ma re) 
nimal waste manag

B m (heifer site 1)   
  use exclusion (vi ion   
  critical area planting    
  use exclusion    
  waste transfer ( l o nu
 B m (heifer site 2)   
  use exclusion ion   
  critical area planting    
  use exclusion    
  waste transfer ( l o nu
 A ement system    
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  waste storage acility (stacking area) 

nsfe
  

m 

shru establishment 
nd for 11.5 acres

nimal waste manag
ty  

nt system 

 

arnyard runoff syste
ection area (barn rd) 

uipment la ays) 

agement 

 f   
  subsurface drain    
  waste tra r    
  grassed filter area  
  fencing     
 Stream and wetland protection syste    
  fencing      
  tree and b   
 (5,883 feet of streambank and wetla )   
 A ement system    
  waste storage facili    
  fencing     
 Milkhouse waste treatme    
  waste transfer    
  grassed filter area   
  fencing     
 B m     
  heavy use prot ya   
  heavy use protection area (cattle/eq new
  fencing      
  roof runoff man    
FARM I Animal waste management system       
    milkhouse wa  handling system ste     
    waste storage cility (under-barn)  fa     
    waste transfer       
    subsurface drain       
    fencing         
    diversion         
    use exclusion       
FARM J ilkhouse waste filte

al waste management system 
arnyard runoff syste

tection 
ement 

nimal waste manag
e) 

ccess road (from ro e facility) 
contour farming stem 

  
ed waterway 

sion system  

tream protection sy
 

 feet) 00 feet) 

M r system    
  routed to anim  
 B m     
  heavy use area pro   
  roof runoff manag    
 A ement system    
  waste storage facility (concret   
  waste transfer X4    
  subsurface drain    
  perimeter fence    
 A ad to manure storag   
 Stripcropping and sy    
  contour stripcropping (67 acres)   
  contour farming  
  grass    
 Diver

 
 

diversion X2
  

  (reparations for 3000 feet for 3 acres)  
 
 

Access road (6000 feet to field to cross diversions) 
S

 
 

 
 stem   

  (3000
fencing and use exclusion

(30   
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  tree and shrub establishment 
  

3 

  
  brush management  
  agricultural crossings X    
FARM K Stream protection system         
    fencing and use exclusion     
    tree and shrub establishment     
    agricultural crossing        
  Animal waste management system       
    waste storage facility (concrete)     
    waste transfer       
    subsurface drain       
    fencing          
    grassed filter area       
  Diversion system (350 feet)         
  Milkhouse waste treatment system       
    waste transfer       
    grassed filter area       
    fencing          
    subsurface drain       

 
NOTE: Additional Best Management practices may be found within the historic conservation plans for 

ese farms.  All farms herein are now following current conservation plans.  Additionally, with few 
exceptions, all farms are following an Act 6 nutrient management plan with accompanying phosphorous 

ement Practices may be applied to all 
rms. 

 

th

index. Both soil sampling and manure analysis as Best Manag
fa
 

2.3 – Observed Water Quality Improvements 
 
Monitoring 
 
Since the Phase I Study, water quality monitoring has continued on both the Stephen Foster Lake
and in the Mill Creek Watershed.  One sample was collected at the lake in 2003.  Five samples 
were collected from the lake and watershed in 2004 and six samples collected from both the lake 
nd watershed in 2005.  Monitoring continued for 2006 and is again planned for 2007.  Sam

 

ples 
 the 

rsonnel of the Mt. Pisgah State Park. 

 
 

a
are collected from the original Phase I locations in the watershed and at the dam location on
lake.  Samples are generally collected monthly from April until September.  Funding for the data 
ollection is being provided by the PA DEP to the Bradford County Conservation District. c

 
 2006, an automated water flow gauging station was installed and data is regularly being In

downloaded by pe
 
Inter-Annual Water Quality Comparisons 
 
Watershed Data 
 
Early in 2006, Princeton Hydro, LLC was hired through a grant from the PA DEP to analyze and
compare data from 2004 and 2005 with the original data collected during the Phase I Study.  The

 

 
 
 124



Mill Creek/Stephen Foster Lake 319 Implementation Plan July 2008 
 

 

 
 
 125

 comparisons for mean total 
hosphorous baseline water quality is shown on table 2.3.1.  Watershed data for mean total 

suspen tal 
phosphorus during storm events is shown on table 2.3.3.  And finally watershed data for meant 
total suspended solids during storm events is shown on table 2.3.4. 
 

Table 2.3.1 – Mill Creek Watershed Data – Mean Total Phosphorous - Baseline 
 

 
 
 

Table 2.3.2 – Mill Creek Watershed Data – Mean Total Suspended Solids - Baseline 
 

 

Station Phase I Study 2004 2005

Mill #1 3 53 2
Mill #2 32 29 5
Mill #3 5 3 1

Inlet 2 3 1
n 3 2 4

Mean Total Suspended Solids (mg/L)
Baseline Sampling

watershed data indicates that, with the exception of one station, water quality is improving.  In 
particular, water quality at the inlet of Stephen Foster Lake shows considerable improvement 
both at the baseline levels and during storm events.  Watershed data
p

ded solids baseline water quality is shown on table 2.3.2.  Watershed data for mean to

 

Station Phase I Study 2004 2005

Mill #1 0.160 0.062 0.054
Mill #2 0.154 0.078 0.103
Mill #3 0.091 0.032 0.063

Mean Total Phosphorus (mg/L)
Baseline Sampling

Inlet 0.120 0.055 0.035
n 3 2 4
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Table 2.3.4 – Mill Creek Watershed Data – Mean Total Suspended Solids – Storm Events 
 

 

r-annual analysis of in-lake data focused of chlorophyll a, total phosphorous and Secchi 
epth.  Carlson’s trophic state index (TSI) was used to express all three parameters in terms of 

biological productivity.  A TSI may vary from 0 to 100, with values between 50 and 60 being 
eutrophic and greater than 60 being hypereutrophic.  Table 2.3.5 shows a comparison of these 
values. 
 

Station Phase I Study 2004 2005

Mill #1 49 18 6
Mill #2 59 13 95
Mill #3 61 3 12

Inlet 69 9 7
n 3 3 2

Mean Total Suspended Solids (mg/L)
Storm Events (March through September)

 
 

Table 2.3.3 – Mill Creek Watershed Data – Mean Total Phosphorous – Storm Events 
 

 
 

In-Lake Data 
 
The inte

Station Phase I Study 2004 2005

Mill #1 0.151 0.103 0.078
Mill #2 0.108 0.105 0.163
Mill #3 0.309 0.071 0.148

n 3 3 2

Mean Total Phosphorus (mg/L)
Storm Events (March through September)

Inlet 0.380 0.090 0.063

d
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Table 2.3.5 – In-Lake TSI Data 
 

 comparison of lake bottom water for total phosphorous seemed to indicate that significant 
levels of phos  2.3.6.  As 
a result, a study of in-lake best management practices was conducted during 2006 and has been 
funded through DEP Growing Greener Program for a detailed study in 2007-8. 
 

Table 2.3.6 – Mean Total Phosphorous - Bottom Water – In-Lake  
 

 
 

tream Rehabilitation 
 
Two significant adjacent stream ajor source of sediment. 
 An estimation of the sediment from those two sites are as follows: 

 ft X 700 ft = 4,480 ft3/yr 
or 216 Tons/Year or 475 kg/yr 

 

Monitoring Mean Bottom Water
Year Total Phosphorus (mg/L)

Phase I 0.331
2003 0.169
2004 0.945
2005 0.863

 

 
 
 
A

phorous still remained in the lake’s internal system as indicated in table

Station Phase I Study 2003 2004 2005

Chlorophyll a 64 ----- 64 62
Total Phosphorus 70 78 72 57

Trophic State Index for Stephen Foster Lake
Growing Season (April - October)

Secchi Depth 58 67 63 55
n 12 1 4 6

 
2.4 Load Reductions 
 
 S

  sites were identified as contributing a m

 
.8 ft/yr X 8
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(Calculated loss by use of estimating Bank Erosion  Hazard Index (BEHI) of Very High and 
ear Bank Stress (NBS) of Very High)   

  9 of the original 11 farms 
entified, it could be estimated that 75 to 82% of the agricultural identified sources of nitrogen, 

dings 
2,442 kg/yr), and 82% of the TSS loadings (530,262 kg/yr).   

hese estimates would calculate to a 61% reduction in phosphorous, a 67% reduction in nitrogen 

As estimated from EPA mo e 2.4.2 represent the 
lculated reductions from both the stream and agricultural best management practices installed 

atershed. 
 

Table 2.4.1 Mill Creek Load Reductions 
  

bs/yr s lbs/yr t 
tons/yr 

N
 
 
Agricultural BMPs 
 
Through the implementation of all best management practices on
id
phosphorous and sediment were addressed.  In the Phase I Study, Table 1.5.3, agricultural 
sources represented 82% of the nitrogen loadings (1008 kg/yr), 89% of the phosphorous loa
(2
 
T
and a 61% reduction in TSS to Stephen Foster Lake as a result of the implemented BMPs. 
 
Estimated Reductions 
 

dels the information in Table 2.4.1 and Tabl
ca
in the Mill Creek W

  Nitrogen l Phosphoru Sedimen

Pre-BMP Loadings 
 

.4 .7  68,662 20,327 8,622.4

STEP L Reductions 36,238.4 10,504.9 4,966.8 

Region 5 Reductions 268.8 134.4 134.4 

Post-BMP  Loadings 32,155.2 9,688.4 3,521.2 

  
Table 2.4.2 Mill Creek Load Reductions for TMDL 

TMDL Targets Modeled 
Loadings (lbs/yr)

TMDL 
Reduction 

Percent 

TMDL 
Reduction 

(lbs/yr) 

Modeled 
Reduction 

(lbs/yr) 

Phosphorus 20,327.7 49% 9960.5 10,639.3 

Sediment 8,622.4 52% 4483.6 5,101.2 
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2.5 Ongoing Efforts 
 
Riparian Plantings 
 
Ongoing cooperative efforts between the Bradfo  County Conservation District, the USDA 
Natural Resources Conservation Service, the Chesapeake Bay Foundation, the PA Dept. of 
Environmental Protection, and the landowners in the Watershed have resulted in significant 
riparian plantings.  Most of these accomplishments can be attributed to the Conservation Reserve 
Enhanced Program (CREP).  Figure 2.5.1 shows the areas as of 2006 that have been planted. 
 

 
Figure  2.5.1 - Mill Creek Riparian Plantings – 2006 
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 SECTION III 
 

2007 Reevaluation and Recommendation For Future Restoration 
Actions 

 
A – IN LAKE RECOMMENDATIONS 
 
3.0 - Introduction and Purpose of Study
 
Stephen Foster Lake is located in Mt. Pisgah State Park, Bradford County, Pennsylvania and is
an impoundment of Mill Creek in the Sugar Creek Watershed. In the first half of the 1990’s a 

hase I Diagnostic / Feasibility Study was cond

 

ucted of the lake and its watershed to develop a 

mbank Best Management Practices (BMPs) is to reduce 
e watershed-based, non-point source (NPS) pollutant loads that enter Stephen Foster Lake and 

to address the T e two NPS pollu e Restora s 
cused on include total phosphorus (TP nd total suspended s SS). 

ationship between TP c tions / loads he amount of algal biomass 
 a lake. The majority of the lakes in the Mid-Atlantic States, including Stephen Foster Lake, 

re phosphorus-limiting systems. That is, an increase in the existing phosphorus load will result 
 a proportional increase in the amount of algal growth. In fact, one pound of phosphorus has 

 loads 

 
, 

 last two years the Pennsylvania Department of Environmental Protection (PA DEP) has 
ollected a variety of in-lake and watershed-based water quality data to aid in determining how 

effectiv
loads entering the lake. In addition to evaluating the how the Stephen Foster Lake ecosystem has 
respond
Manag  
TP and
techniq Hydro 
was co
of potential in-lake restoration techniques and provide guidance in furthering the implementation 
of the l
section  
to date for Stephen Foster Lake and its watershed. The second section is a review of various in-

P
Restoration / Management Plan for the long-term protection and preservation of the lake. Over 
the last decade, a variety of agricultural and streambank management techniques have been 
implemented throughout the Stephen Foster / Mill Creek watershed. The long-term goal of 
mplementing these agricultural and streai

th
MDL. Th tants that th tion / Management Plan ha

fo ) a olids (T
 
There is a strong rel oncentra  and t
in
a
in
the potential to generate up to 1,100 lbs of wet algal biomass. Thus, by reducing the TP
entering Stephen Foster Lake, the magnitude and frequency of algal blooms will decrease. TSS 
is another NPS pollutant of concern for Stephen Foster Lake. A large portion of the phosphorus
entering a lake via stormwater and surface runoff is adsorbed onto soil particles. In addition
large TSS loads result in accelerated rates of sedimentation and in-filling of desirable 
recreational waterways, destroying in-stream and lake fishery habitat. Thus, reducing the TSS 
loads entering Stephen Foster Lake was another priority of the Restoration / Management Plan.  
Over the
c

e the installed agricultural and streambank BMPs have been in reducing the TP and TSS 

ed to the installation of the BMPs, it was recognized that the original Restoration / 
ement Plan needs to be updated to more specifically address the established TMDLs for
 TSS, as well as reconsider the potential feasibility of various in-lake restoration 
ues. As a means of initiating this re-evaluation of Stephen Foster Lake, Princeton 
ntracted to review the existing water quality database, conduct a preliminary assessment 

ake’s long-term Restoration / Management Plan.  This report is divided into three main 
s. The first section is a concise summary of the water quality data that have been collected
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lake res
Lake. T  in-lake 
restorat
 
3.1 - A

toration / management techniques and their potential applicability for Stephen Foster 
he report concludes with recommendations on monitoring, data assessment and
ion / management measures for the next few years. 

nalysis of the Water Quality Data for Stephen Foster Lake 

he Phase 1 study, a minimal amount of water quality data has been collected on Ste
 
Since t phen 

oster Lake and its watershed. A single in-lake water quality sampling event was conducted in 

k 

 

F
2003 in order to respond to a fish kill and algal bloom experienced in June of that year. The fish 
kill and associated bloom was attributed to a manure spill on one of the farms. More detailed in-
lake and watershed-based water quality monitoring was conducted at Stephen Foster Lake in 
2004 and 2005, to assess the relative effectiveness of the various agricultural and streamban
BMPs that were installed over the last decade. 
 
Table 1.5.4 – Pollutant Loading Summary for Stephen Foster Lake (page 73), developed during
the 1994/1995 Phase I Diagnostic Feasibility Study identified the following loadings from 
internal sources in Stephen Foster Lake: 
 

Source Parameter Annual Pollutant Load 
  kg/yr % of Total 

  Internal Loading Total P 128 7.5 - 8.3 
 Total N 123 0.4 
 
 
An analysis of the 2004 and 2005 water quality data was conducted, which included a 
comparison with the data collected during the 1994 / 1995 Phase I Diagnostic Feasibility study. 
These data were presented in a Power Point Presentation at a 21 February 2006 meeting at the 
North Central office of the PA DEP.  It should be emphasized that while a variety of water 
quality data were collected during these monitoring programs, this analysis focused primarily on
total phosphorus (TP) and total suspended solids (TSS), since these are the pollutants of concern
relative to the lake’s TMDL. A summary of the inter-annual watershed data analysis is provided
below. 
 

• Mean 2004 a

 
 
 

nd 2005 baseline (non-storm event) TP concentrations at the three stream 

 

ctive 

sampling stations and the main inlet entering the lake were generally lower than the 
respective mean baseline concentrations measured during the Phase I study (1994-95) . 
Unlike the TP data, no general statement can be made for the mean baseline TSS data. 
Mill #1 and #2 mean baseline TSS concentrations in 2004 were higher than the respe
Phase I or 2005 concentrations. However, the mean baseline TSS concentrations 
measured in 2005 were consistently lower than those measured during the Phase I or in 
2004. 
• Mean 2004 and 2005 stormwater TP concentrations for Mill #1, Mill #3 and the inlet 
were less than the respective mean stormwater TP concentration for the Phase I study. In 
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contrast, the mean 2004 and 2005 stormwater TP concentrations for Mill #2 were either 
equal or greater than the respective mean for Mill #2 during the Phase I study. 
• Similar to the stormwater TP concentrations, the mean 2004 and 2005 stormwater TS
concentrations for M

S 
ill #1, Mill #3 and the inlet were less than the respective mean 
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indicate that the agricultural and streambank BMPs likely contributed toward reducing the 
externa
 
Howev
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discharge rates). The collection of such water quality and quantity data should be considered for 
future m
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Mean values of total phosphorus, chlorophyll a, and Secchi depth for an individual lake are 
logarith
values 
represe
1977). ive, 
conditi
produc
probab e 
TSI dat  the Power Point 
Presentation.  The in-lake sampling station is located immediately adjacent the dam over the 

stormwater TSS concentration for the Phase I study. While the mean 2004 stormwater 
TSS concentration in Mill #2 was lower than its respective Phase I concentration, the 
2005 Mill #2 concentration was higher than its respective Phase I concentration . 

n the data at hand, in-stream mean TP and TSS concentrations, during both nonstorm and
vent conditions were generally lower in 2004 and 2005 relative to their respective mean 
trations measured during the Phase I Diagnostic / Feasibility study conducted ten years 
 The exception to this was the Mill #2 sampling station, where 2004 and 2005 mean 
trations were at times higher than their respective Phase I mean concentrations. At least 
f these elevated concentrations could be attributed to isolated incidences where manure 
 other activity washed into the receiving waterway. In summary, the watershed data d

l TP and TSS loads entering Stephen Foster Lake. 

er, it should be emphasized that the data collected in 2004 and 2005 only measured 
nt concentrations and not hydrologic load. Thus, the watershed data are circumstantial; 
y way to directly and empirically determine if the installed BMPs are reducing the TP and
llutant loads is to measure both pollutant concentrations and hydrologic load (i.e. stea

anagement efforts associated with Stephen Foster Lake. 

s of in-lake water quality data, the inter-annual analysis focused primarily on thet
rameters of total phosphorus, chlorophyll a and Secchi depth. The trophic stateof a lake
pression of the biological productivity of a lake. The Trophic State Index (TSI) 
ed by Carlson (1977) is among the most commonly used indicators of lake trophic state.  

dex is actually composed of three separate indices based on total phosphorus 
trations, chlorophyll a concentrations, and Secchi depths. Total phosphorus was chosen 
index since it is often the nutrient limiting algal growth in lakes such as Stephen Fos
hlorophyll a is a photosynthetic pigment present in all algae and is used to provide an 
on of the biomass of algae in a lake. Secchi depth is a measure of the transparency or 
of lake water. 

mically converted to a scale of relative trophic state ranging from 1 to 100. Increasing 
for the TSI are indicative of increasing trophic state, with indices of 40, 50 and 60 
nting mesotrophic, meso-eutrophic and eutrophic conditions, respectively (Carlson, 
Index values above 70 are usually indicative of hypereutrophic, or extremely product
ons. In contrast, index values below 40 are usually indicative of low levels of biological 
tivity (oligotrophic). Numbers above 50 (or 55 or 60…) are associated with increased 
ilities of encountering nuisance conditions or aesthetic problems such as algal scums.  Th
a for the in-lake sampling station were summarized and presented in
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Stephen Foster Lake. 
• The mean Secchi depth TSI values followed a pattern similar to that experienced with 
the total phosphorus TSI values. The single 2003 value was high, while the mean 2005 
value was the lowest of all the Secchi depth TSI data.  These in-lake TSI data indicate 
that the BMPs installed over the last decade in the Stephen Foster watershed may have 

uted towa l susp olids loads that e  lake. A large 
of the tot sphorus entering a  during a storm event is adsorbed onto 

oil pa les and many of the installed BMPs focus on reducing particulate 
ads. R ing the TSS load wo also contribute towar creasing the water 

f the lake d hence result in a dec se in the Secchi TSI a ell. Such an 

 
re 

n 

ay 
ke.  

 

 

 site of the lake. Mean growing season chlorophyll a, total phosphorus and Secchi depth
ues for the Phase I study, the single sampling event in 20
ring years are provided in the presentation. Based on the presented data, the following 
tions can be made: 
• There was no substantial difference among the Phase I, 2004 and 2005 chlorophyll a 
TSI values although the 2005 value was 62, slightly lower than the Phase I and 2004 
value of 64. It should be noted that a chlorophyll a sample was not collected during the 
June 2003 sampling event.  
• The Phase I total phosphorus TSI was 70, indicative of hypereutrophic conditions. Th
total phosphorus TSI value for 2003 was substantially higher at 78, however, this single 
measurement was immediately following a large manure spill. The mean 2004 val
slightly higher than the Phase I value, which may be indicative of the unusually wet 
weather experienced in 2004. In contrast, the mean 2005 value was substantially lower 
than all of the previous values at 57.  This lower mean total phosphorus TSI value ma
indicate that TP concentrations, as well as the external TP load, are on the decline in 

contrib rd reducing the tota ended s nter the
portion al pho lake
sediment / s

l lo
rtic

materia educ
 an

uld 
rea

d in
s wclarity o

ecosystem response would explain why documented improvements for the total 
phosphorus and Secchi depth TSI values were not also measured for the chlorophyll a 
TSI values. Additional information on this point will be discussed.  While the in-lake TSI
data at the dam station were presented at the 21 February 2006 meeting, similar data we
not presented on the uplake data at the dam station. The uplake sampling station is 
located immediately below the point where the main inflow of Mill Creek enters Stephe
Foster Lake via a wetland settling basin. In contrast to the in-lake sampling station 
located immediately adjacent to the dam, the uplake sampling station is shallow and m
provide a better indicator of how the BMPs have reduced pollutant loads entering la
Therefore the uplake water quality data were used to calculate its TSI values and are 
presented in Table 1. Similar to the in-lake TSI data, a summary of the uplake TSI data is
provided below:  
• The mean total phosphorus and Secchi depth TSI values for the uplake sampling station
during the Phase I study were both 60, which is indicative of eutrophic conditions. No 
chlorophyll a samples were collected at the uplake station during the Phase I study and 
no monitoring was conducted at this station during the single 2003 sampling event.  
• The mean total phosphorus TSI values for 2004 and 2005 were both higher, 72 and 68 
respectively, than the Phase I value of 60. The 2004 uplake total phosphorus TSI value 
was the same as that measured at the in-lake station during the same year. However, the 
2005 uplake value was 11 units higher than the 2005 in-lake value. 
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• The mean Secchi depth TSI value for 2004 was higher than the Phase I value but the 
2005 value was lower than the Phase I value (Table 1). 
• The mean uplake 2004 and 2005 chlorophyll a TSI values were 66 and 64, respectively
 Both where slightly higher than the respective values for the in-lake sampling station. 
For the most part, the uplake mean TSI values for 2004 and 2005 were either equal to or 

. 

greater than the respective in-lake mean TSI values for 2004 and 2005. Complicating 
factors, primarily related to the shallow depth of the uplake station relative to the in-lake 
station, are more than likely responsible for these observed results. Some of these 

cchi disk 
due to its shallow depth (i.e. a Secchi depth of only 1 meter may be due to the sampling 

 a 

s for the Uplake Sampling Station 
at Stephen Foster Lake 

complicating factors include limited measurements in water clarity with a Se

station having a total depth of 1 meter), the production of benthic algae along the 
sediments and moving into the water column, and possible increases in turbidity due to 
the activities of benthic dwelling fishes such as catfish or carp. Thus, based on these data, 
the in-lake sampling station may be a better indicator of how the lake responses on
larger time and spatial scale to the watershed-based actions (i.e. installation of BMPs). 

 
 

Table 3.1.1  Mean TSI Value

(Growing Season Mean Values) 
Parameter Phase I Study 2004 2005 
Chlorophyll a N/A 66 64 
Total Phosphorus 60 72 68 
Secchi Depth 60 64 56 
  
One last water quality issue that will be briefly discussed in the Stephen Foster Lake inter-an
database is the bottom water TP concentration. As the bottom waters of Stephen Foster Lake 
depleted of dissolved oxygen (DO) and become anoxic (DO concentrations < 1 mg/L) throu
the course of the growing season, the bond between sediment-based iron and phosphorus is 
broken. This results in the movement of dissolved phosphorus from the sediments and into the 
overlying waters. The phosphorus-enriched bottom water can be transported to the surface
waters through storm events and stimulate additional algal growth. This ecological process is 
called internal loading; that is, the phosphorus originates from the sediments and not from 
watershed-based surface runoff. 
 
Inter-annual bottom water mean TP concentrations, measured during the growing season, were
provided in the Power Point presentation.  During the Phase I study, the mean bottom water TP
concentration for Stephen Foster Lake was 0.331 mg/L. During the single monitoring event in 
2003, the bottom water TP concentration was 0.169 mg/L. In contrast, the mean bottom wat
concentrations for 2004 and 2005 were 0.945 and 0.863 mg/L, respectively. Based on this 
limited database, it is possible that the magnitude of the lake’s internal phosphorus has increas
relative to the Phase I study. Additionally, a decline in the lake’s external TP load as a res
the installation of the BMPs would result in an increase in the proportional contribution of
internal phosphorus load, particularly during the dry summer season. 
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With the anticipated reduction in the watershed-based pollutant load as a result of the installed 
BMPs, as well as the proportional increase in the internal phosphorus load, the long term 
Restoration / management Plan for Stephen Foster Lake needs to be adjusted to focus more on 
in-lake restoration techniques. Therefore, the remainder of this report focuses on assessing the
potential application of various in-lake restoration / management techniques for Stephen
Lake. 
 
 

 
 Foster 

agement Techniques3.2 - Assessment of In-Lake Restoration / Man  

ent techniques are designed to improve the water quality and / or 
e aesthetic use of a waterbody by alleviating specific symptoms of eutrophication. Although 

he source of 

ation 

 
In-lake restoration / managem
th
many of these measures typically provide only short-term relief without controlling t
the pollutants, they can substantially improve the aesthetics of a lake while the longterm, 
watershed-based management practices are being implemented. A total of ten in-lake restor
/ management techniques were considered for use in Stephen Foster Lake.  
 
3.2.1 - Copper-based Algaecides Products 
 
One of the most obvious and frequently utilized means of controlling excessive algal growth
the application of copper sulfate (CuSO4) based algaecides. Copper sulfate is an extremely 
effective means of killing a large portion of the resident algal community, however, this resp
is brief and only controls the symptom of the problem (excessive densities of algae) and n
cause (nutrient loads).   Several undesirable environmental impacts are known to be associate
with copper-based algaecide treatments. Negative impacts include fish and zooplankton tox
the depletion of dissolved oxygen, copper accumulation in the sediments, increased interna
nutrient recycling and increased tolerance to copper by some nuisance species of blue-green 
algae. Zooplankton, some of which serve as a natural means of controlling excessive algal 
growth, are known to be more sensitive to copper than algae. In addition, the generation times
fish and zooplankton are substantially longer than algae. Therefore, these organisms req
longer amount of time to recover from copper treatments relative to algae. The result is a 
perturbation of the lake’s food web; while the phytoplankton community can recover from
copper treatment within days to weeks, recovery of zooplankton or fish can vary from several 
weeks to several years. Thus, the phytoplankton will rebound quicker than other aquatic 
organisms from copper treatments. After copper sulfate kill algae, and possibly other non-target 
organisms, in-lake rates of bacterial decomposition will substantially increase

 is 

onse 
ot the 

d 
icity, 
l 

 of 
uire a 

 a 

. Such elevated 
ates of bacterial decomposition will require dissolved oxygen (DO); if bacterial respiration is 

 

 

r
too high, it is possible for in-lake DO concentrations to decline to levels that would negatively
impact nontarget organisms (i.e. fish). Such conditions can result in a fish kill, particularly 
during the summer months. Declines in DO may result in anoxia (DO concentrations < 1 mg/l), 
which in turn can lead to a fish kill. In fact, most copper sulfate-related fish kills stem from a
depletion of DO and not a direct toxic impact as a result of the copper. In addition to the 
possibility of fish kills, the depletion of DO and/or the decomposition of the algae within 
Stephen Foster Lake could produce unpleasant odors. Given the potential water quality problems 
associated with the use of copper-based algaecides, especially during the later half of the 
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growing season, the use of copper sulfate to control excessive algal growth is not recommend
for Stephen Foster Lake. It should be emphasized that Stephen Foster Lake does not have
beach nor swimming /bathing facilities. Recreational activities at Stephen Foster Lake include 
canoeing, boating, fishing, ice-skating and passive aesthetic activities (i.e. hiking) and do not 
typically involve direct and primary contact with water. Therefore, the demand for the 
immediately eradiation of algal mats is not high at Stephen Foster Lake relative to waterbodie
with swimming or bathing beaches. Thus, weighing the expected benefits against the poten
problems associated with the application of copper sulfate, this in-lake management technique is
not recommended for Stephen Foster Lake at this time. 
 

ed 
 a 

s 
tial 

 

3.2.2 - Aquatic Herbicides 
 
Based on the findings of the original Phase I Diagnostic / Feasibility Study (Coastal 
Environmental Services, Inc., 1994), the two dominant submerged macrophytes (aquatic plants
in Stephen Foster Lake were watermilfoil (Myriophyllum heterophyllum) and the invasive 
species Curlyleaf pondweed (Potamogeton crispus). In addition, high densities of several 
emergent plants, such as burreed (Sparganium sp.), cattail (Typha sp.) and reed canary grass 
(Phalaris arundinacea), were identified along 30% of the shoreline but were concentrated in the 
southern shore of the lake. Some more recent observa

) 

tions at the lake indicate that the invasive 
pecies Eurasian watermilfoil (Myriophyllum spicatum) is present, however, this should be 

based 

s. 

lant 
al blooms, both planktonic and filamentous mat algae, can occur immediately 

fter the application of contact herbicides (i.e. increased nutrient recycling).  

des 
on. 

nd the nuisance species targeted for control, one to four 
eatments may be required through the course of one growing season. In contrast to contact 

 is, 

s
verified. In any event, nuisance densities of submerged and, to a lesser degree, emergent plants 
are an impairment experienced in Stephen Foster Lake.  Probably the most well-known and 
frequently implemented technique to control aquatic plants is through the use of contact 
herbicides. Such chemicals include US EPA registered and State-approved products such as 
RodeoR and RewardR. These products function by “burning” the plant tissue upon contact. 
Contact aquatic herbicides function very similar to copper-based algaecides; they provide 
immediate, short-term relief or control of excessive densities of a nuisance organism(s). Thus, 
contact herbicides have many of the advantages and disadvantages associated with copper-
algaecides. The advantages include a fairly immediate (days to weeks) reduction in nuisance 
plant densities and relatively low associated costs. The disadvantages of using contract 
herbicides include many of the undesirable impacts documented for copper-based algaecide
Some of these undesirable impacts include potential impacts on non-target organisms, a 
depletion of DO concentrations as a result of bacterial decomposition of the dead organic matter, 
and the recycling of nutrients back into the water column that would otherwise be bound in p
biomass. In fact alg
a
 
Other potentially negative impacts associated with contact herbicides include the potentially 
non-discriminate control of both nuisance and favorable (i.e. native) aquatic plants and the 
possible destruction of fish habitat. In addition, more than one treatment of the contact herbici
may be required to achieve the desirable level of control through the entire growing seas
Depending on local climatic conditions a
tr
herbicides, a systemic herbicide affects the targeted plant internally instead of externally. That
uptake of the chemical disrupts biochemical functions thereby killing the plant. SonarR, whose 
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active ingredient is fluridone, is such a systemic herbicide. SonarR is assimilated through the 
roots and into the plant tissue early in the growing season. There it begins to disrupt the 
production of chlorophyll pigments, which are used in photosynthesis. This effectively “starves” 
the plant and it dies. This mechanism is in sharp contrast to contact herbicides, which “burn”
plant tissue from the outside.  There are a number of advantages SonarR has over 

 the 
contact 

erbicides. First, contact herbicides typically require multiple applications, between two and 
 season to obtain an acceptable level of control. In 

ontrast, if properly timed and executed, one systemic treatment application or a series of “sub-

on 
R has over contact herbicides includes its extremely low 

xicity on non-target organisms, its ability to control certain nuisance species with varying 
 

 
SonarR 

ce 
done concentrations are low, 

pically ranging between 5 and 100 ppb. Such low concentrations mean that relatively low 
need to be added to achieve the desired level of control. However, 

 spite of the relatively low amount of required product, SonarR is substantially more expensive 

e 
 

 
ow from 

narR is 
dded to the lake. 

re 
 in 

nd 

Park initiated a contract herbicide treatment program in 2005. Specifically, the contact herbicide 
RewardR was used to reduce the nuisance aquatic plant growth that surrounds the boat launch 

h
four, through the course of one growing
c
applications” can result in an entire year of control. In some cases, two or three years of control, 
particularly in the case of milfoil or duckweed, may be realized with SonarR.  While contact 
herbicides need to be applied to lakes when there is a sufficient amount of plant biomass to react 
to the chemical, SonarR is typically applied in the spring or early summer, prior to the 
exponential growth of the plants. Since SonarR enters through the roots, it is best applied in the 
spring, when seasonal growth rates are high. This treatment strategy effectively eliminates the 
possibility of fish kills that are the result of a depletion of DO from the bacterial  decompositi
of plant biomass. Other advantages Sonar
to
concentrations, and its ability to break down quickly in the open waters of a lake (i.e. it does not
accumulate in the sediments nor aquatic organisms). 
 
As with any in-lake restoration / management technique there are some disadvantages associated
with the use of the systemic herbicide SonarR. The primary disadvantage associated with 
is its relatively high product cost. It takes very little SonarR to impact the targeted nuisan
species. For most lake SonarR treatment programs, the required fluri
ty
amounts of product (SonarR) 
in
than contact herbicides. For example, on a per gallon basis, SonarR costs approximately $ 
1,500.00. In contrast, most contact herbicides that are registered for use in Pennsylvania ar
substantially lower in price relative to the systemic herbicide SonarR.  Another disadvantage with
SonarR is that it is a slow acting herbicide, taking a minimum of 30 days to manifest some 
observable degree of plant control. Since SonarR is such a slow acting herbicide, targeted control
concentrations need to be sustained over the course of at least a month. This means outfl
the lake needs to be eliminated, or at least minimized, for at least 30 days after the So
a
 
Based on observations of Stephen Foster Lake’s submerged aquatic plant community over the 
past few years, relative plant densities have not been a lake-wide nuisance. In fact, the near sho
area that includes the public boat launch and boat rental facility is the only location of concern
Stephen Foster Lake with regard to nuisance densities of aquatic plants. Given the small a
localized distribution of nuisance vegetation, a systemic herbicide such as SonarR is not 
recommended for Stephen Foster Lake. 
 
To manage the aquatic plant growth surrounding the public boat launch, the Mt. Pisgah State 
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and rental facility. Based on input provided by Park Staff, one treatment provided a reasonable 
amount of control of the nuisance vegetation through the course of the 2005 growing season. 

hus, as long as nuisance densities of aquatic plants remain limited to the boat launch and rental T
facility section of the lake, the selective application of RewardR appears to be the most cost 
effective approach to controlling nuisance plant growth in Stephen Foster Lake. 
 
3.2.3 - Mechanical Weed Harvesting 
 
In spite of the presence of Eurasian watermilfoil and Curly-leaved pondweed in Stephen Foster 
Lake, these invasive submerged species do not appear to be a substantial water quality /ecologic 
problem, at least in terms of the recreational use of the lake. The only location in Stephen Foster
Lake where nuisance densities of aquatic vegetation is currently an issue is along the section o
shoreline that includes the public boat launch and boat rental facility. Since this potential impact 
is already being addressed by the Mt. Pisgah State Park through the localized application
contact herbicide RewardR, m

 
f 

 of the 
echanical weed harvesting is not being considered for Stephen 

oster Lake. 

hile mechanical weed harvesting is not currently being considered, a re-assessment of this in-
s 

en 

inter Drawdowns

F
 
W
lake restoration technique may be necessary in the future if the long-term watershed measure
result in a substantial increase in the water clarity of the lake. If water clarity increases to the 
point where a sufficient amount of sunlight is reaching a large portion of the bottom of Steph
Foster Lake, the distribution of submerged aquatic vegetation may attain more lakewide 
nuisance densities. Under such conditions, mechanical weed harvesting may need to be 
reevaluated as a cost effective alternative to chemical applications. 
 
3.2.4 - W  

 The 
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nto 
 

d the 

 
Lake drawdown can control and/or eradicate aquatic vegetation in shallow near shore areas.
term drawdown refers to the practice of lowering the lake water level, typically in winter, 
exposing the rooted aquatic plant vegetation to drying and freezing and therefore affecting their 
growth. The ice cover that develops during the drawdown also aids in the loosening of roots and
associated organic material that then becomes exposed to the freezing conditions. In addition t
the aforementioned effects on rooted aquatic vegetation, recent research has shown that 
drawdowns can have an effect on nutrient release rates from the exposed sediments. 
 
Exposing sediments to oxidization and compaction during a drawdown can result in a reduction 
in the transfer of phosphorus from the sediments to the overlaying water once the drawdown i
complete. However, an increase in the transfer of phosphorus from the sediments and into the
overlaying water has also been known to occur subsequent to a drawdown. In addition, algal 
blooms have also been known to occur immediately after a drawdown. The mechanisms 
responsible for an increase or decrease in the transfer of phosphorus from the sediments and i
the water after a drawdown are not well understood. However, the physical and chemical (grain
size distribution of sediment particles, organic content) composition of the sediments an
chemistry (pH, existing phosphorus content) of the interstitial and above sediment water are 
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probably some of the dominant factors that dictate whether the sediments will be a source or
of phosphorus after a drawdown. 

 sink 

rce of 
on of this technique for Stephen Foster Lake 

should 
aquatic r Lake. High densities of these plants, 
particu ith the 
use of t ases due 
to the i
the den
more of a nuisance and would require a more aggressive in-lake management strategy. Thus, 
similar hen 
Foster 
submer

 
Given the complexities associated with determining if a drawdown would be a sink or sou
phosphorus from the sediments, any considerati

focus primarily on the control of nuisance submerged plants. To date rooted, submerged 
 plants are not a major nuisance in Stephen Foste
larly Eurasian watermilfoil are currently controlled around the public boat launch w
he contact herbicide RewardR. However, as the TSS load entering the lake decre
nstallation of the various BMPs, an increase in water clarity would result in an increase in 
sity and coverage of the submerged plants. In turn, the submerged plants would become 

 to mechanical weed harvesting, the potential application of winter drawdowns at Step
Lake would need to be re-evaluated if an increase in the density and coverage of 
ged plants occurred. 

 
3.2.5 - Hypolimnetic or Bottom Water Withdrawal 
 
The ob
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delay th hile 

ottom water, or hypolimnetic, withdrawal can delay the establishment of thermal stratification 

ia. The 

 water 

jective of hypolimnetic or bottom water withdrawal of a lake during the spring /early 
r season is to delay the onset of thermal stratification. In turn, this delays the depletion 
ed oxygen (DO) in the bottom waters, reducing the overall magnitude of the internal
orus load for the subsequent summer season. In addition, even prior to the establis

al stratification in the spring / early summer, the bottom waters of a lake frequently
TP concentrations relative to the surface waters. Thus, bottom water withdrawal will also 
 a fraction of lake’s internal TP load, which fuels algal growth during the dry summer 
 

he removal of bottom water TP is a positive result of bottom water withdrawal,  the 
 goal of this in-lake management technique is to 
(DO < 1 mg/L) conditions in the bottom waters or hypolimnion of the lake. As elud
as a lake thermally stratifies, densities differences prevent the mixing of the surface and 
 waters; DO is depleted in the bottom waters due to the a
d rates of bacterial decomposition of organic matter. As DO is depleted and anoxic 
ons are established, dissolved phosphorus is released from th
verlying waters. Through the summer months, storms can transport this 
orusenriched bottom water to the surface, where it can stimulate additional algal growth
ocess is called internal loading and the primary goal of bottom water withdrawa
e establishment of anoxic conditions to minimize the magnitude of this load.  W

b
and anoxic conditions, it cannot prevent the development of such conditions.  Therefore, from a 
water quality perspective, bottom water withdrawal is a seasonal measure that should not be 
conducted later in the growing season, after the onset of thermal stratification and anox
release of high phosphorus / low dissolved oxygen waters have the potential to impact 
downstream ecosystems. Summer bottom water withdrawals typically require the collection of a 
detailed set of data to assess the quality of the bottom waters and its potential impact on 
downstream ecosystems. To avoid such summer impacts, the selective release of bottom
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should be terminated prior to the development of such low water quality conditions (i.e. the 
establishment of thermal stratification). 
 
For Stephen Foster Lake, the following water quality data should be collected during the 

ter withdrawal: 
• Vertical profiles of temperature and dissolved oxygen should be measured at the in-lake 

ell 

e 

en 

• Developing a “chain of command” as to how the gate valves will be closed once it is 

ed 
 

gh a 
 

 water DO concentrations at 
or less than 2 mg/L, the bottom gates should be closed. 

 in 

 

e indicative of a deep water bloom of certain types of algae 
(chrysophytes). Such deep water blooms are common during the spring season. 

 
04 

stablishment of thermal stratification in the lake by approximately two weeks. This delay in the 

 

implementation of a bottom wa

sampling station adjacent to the dam (weekly). 
• Temperature and dissolved oxygen measurements should also be collected at the 
outflow, immediately downstream of the dam (if possible, three times a week). 
• Water samples should be collected for TP and soluble reactive phosphorus (SRP) in the 
surface and bottom waters of Stephen Foster Lake, immediately adjacent the dam, as w
as the outflow (twice a month). 
• “Up-reservoir” vertical profiles of temperature and dissolved oxygen, at the uplake 
sampling station, would also be useful in assessing patterns of thermal stratification in th
lake through the spring and early summer seasons (every other week). 

 
Additional recommendations for the implementation of the bottom water withdrawal in Steph
Foster Lake include: 

decided to terminate the bottom water withdrawal. It is critical that the gate valves be 
closed within a reasonable amount of time (period of hours), once monitored water 
quality conditions of the outflow indicate the possibility of downstream impacts. 
• If the State Park has the ability to close the gate valves the same day the outflow 
temperature / dissolved oxygen measures are collected, then the valves should be clos
once DO concentrations are at or below 1.5 mg/L. • If it will take more than 12 hours to
close the gate valves, the cut off for outflow DO concentrations should be 2.0 mg/L. 
• Under weak thermal stratification (a one to two degree temperature difference throu
vertical depth of one meter) conditions and bottom water DO concentrations greater than
3 mg/L, bottom water withdrawal can continue. 
• Under strong thermal stratification (a two to three degree temperature difference 
through a vertical depth of one meter) conditions and bottom

• Monitor prevailing weather conditions. Unusually dry, hot conditions may result
closing the gates earlier, relative to wet, cooler conditions. 
• Closely monitor the odor of the outflow. A hydrogen sulfide (rotten egg) odor would be
indicative of anoxic conditions in the bottom waters of the lake. In contrast, an earthy, 
fishy odor could b

 
A bottom water withdrawal of Stephen Foster Lake was conducted in the spring of 2005. While
in-situ data were collected, no TP data were collected. However, a comparison between the 20
and 2005 in-situ data indicate that the bottom water withdrawal may have delayed the 
e
seasonal establishment of thermal stratification in 2005 more than likely contributed to the year’s 
higher water quality relative to conditions during the Phase I study and in 2004. Given the
minimal cost and logistical effort associated with bottom water withdrawal, this in-lake 
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technique should continue to be implemented. However, as will be discussed in detail below, if 
another in-lake restoration / management technique is implemented to more aggressive control 
the lake’s internal TP load, the bottom water withdrawals may need to be eliminated. 
 
3.2.6 - Artificial Circulation 

n 

 
 

 the sediments that are normally bound to iron. 
he transport of the phosphorus-enriched bottom water to the surface through storms or the 

 

. 

r 
 

 

revent anoxic conditions from 
rming in the bottom waters at the start of the growing season. For Stephen Foster Lake the 

n aeration system would be to reduce its internal phosphorus load 
y keeping the water column well mixed. 

st cost effective means of completely de-stratifying a waterbody such as Stephen 
oster Lake would be to place the aeration lines over the deepest areas. In the case of Stephen 

 of 

ities are required with an aeration system. In addition, a near shore site has to be 

 
Artificial circulation is a practice in which air is compressed and injected into the deep waters i
a lake to eliminate thermal stratification. As previously described, once a lake is thermally 
stratified, the bottom waters are sealed off from the surface waters and can be quickly depleted
of DO due to the absence of photosynthesis and high rates of bacterial decomposition of organic
matter. A complete depletion of DO in the bottom waters, defined as anoxic (DO < 1 mg/L), 
results in a release of dissolved phosphorus from
T
entrainment of deeper waters into the epilimnion can trigger the development of nuisance algal
blooms, particularly blue-green algae. Thus, the main objective of artificial circulation is to keep 
a lake well mixed so thermal stratification does not seal the bottom waters off from the surface
In turn, the sediment phosphorus remains bound to iron, which reduces the magnitude of the 
internal phosphorus load. 
 
Aeration systems are designed to aerate a lake through the use of pumps, jets, and bubbled or 
diffused air. Specifically, most aeration systems are comprised of a series of perforated lines o
diffuser heads, strategically placed along the bottom of a lake. The lines are connected to a
compressor(s), which pumps compressed air into the lines. The resulting plumes or curtains of 
air bubbles erode thermal stratification and allow the bottom waters to mix with the surface
waters. Thus, the objective of a typical artificial circulation system is not to introduce or inject 
oxygen into the lake. Instead, the objective is to circulate low DO bottom waters to the surface 
where it is re-oxygenated by being exposed to the atmosphere. Therefore, these systems are 
designed to prevent the establishment of stratification and thus p
fo
primary goal of a destratificatio
b
 
In addition to reducing the magnitude of the internal phosphorus load, some of the more 
common supplemental benefits associated with an aeration system in a lake include the 
expansion of potential fish habitat into the deeper portions of the lake, preventing the formation 
of stagnant zone within select areas and, under certain conditions, reduce the magnitude of algal 
blooms / surface scums. 
 
Typically, mo
F
Foster Lake, this area is adjacent to the earthen dam and toward the southern end of the lake. 
These lines would be strategically placed over areas deeper than 30 feet (approximately 9 m). 
 
One advantage of artificial circulation is that no chemicals are required in the implementation
this in-lake management technique. However, a considerable amount of maintenance and 
operational activ
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identified for the location of a facility for the compressors (i.e. the pump house). Obviously, the 

 

ment, 
ice 

e and 
lectrical costs associated with running a destratification aeration system, as well as with the 

tely or 
 of 
e 

pump house has to be on-line with a reliable source of power. A potential alternative to such a 
design may be the application of alternative sources of energy such as solar and wind (see 
below). 
 
A potential negative environmental impact associated with artificial circulation is the possible 
elimination of cold-water habitat in some deeper lakes and reservoirs. While mixing the entire 
water column of a lake during the growing season keeps it oxygenated, it does have the potential 
to raise the temperature of the deeper waters, having an undesirable effect on a potential cold-
water fishery (i.e. trout). However, given the existing size and morphometry of Stephen  Foster 
Lake, it is managed as a successful warm-water fishery. Therefore, the elimination of cold-water
habitat is not an issue for Stephen Foster Lake. 
 
The cost of installing a destratification aeration system in Stephen Foster Lake is estimated to 
cost approximately $55,000.00. This price includes the compressor(s) and associated equip
the lines that run into the lake, installation of the system and one year of operation. This pr
does not include the construction of a small aerator compressor pump house. Annual electrical 
costs to keep such a system operational are estimated to cost approximately $5,000.00 to 
$6,000.00 per year, with an additional $500.00 to $1,000.00 for general maintenance and 
winterization of the compressor(s) and associated equipment.  Given the annual maintenanc
e
existing budget limitations associated with operating Mt. Pisgah State Park, the potential 
feasibility of utilizing solar or wind power to run an aeration system should be assessed. Once 
the amount of energy required to keep Stephen Foster Lake completely mixed through the 
growing season is calculated, it can then be determined if solar or wind power can comple
at least partially satisfy the needed energy demands. The initial costs of design and installation
an innovative, alternative energy source aeration system would be more expensive, however, th
long-term annual costs should be lower than a standard system. 
 
3.2.7 - Nutrient Inactivation 
 
Based on findings of the original Phase I Diagnostic / Feasibility Study, the internal phosphorus 
load was estimated to account for 7 to 8% of the lake’s total annual phosphorus budget (Coastal 
Environmental Services, 1996). In contrast, stormwater runoff and farm animal wastes account
for over 90% of the lake’s total annual phosphorus budget. Therefore the original Restoration / 
Management Plan for Step

ed 

hen Foster Lake strongly focused on watershedbased control measures 
 reduce the TP and TSS loads. Since the implementation of the agricultural and streambank 

en 

 

to
BMPs, the relative contribution of the internal phosphorus load may have increased in Steph
Foster Lake. 
 
One way of reducing the internal phosphorus load is through the use of nutrient inactivation. 
Nutrient inactivation is a chemical means of binding phosphorus and making it unavailable for 
algal uptake. While a variety of inorganic salts, including iron and calcium, can inactivate 
phosphorus, aluminum is the most commonly used in the United States, as it binds tightly to 
phosphorus over a wide range of environmental conditions, including low or zero (anoxic) DO
concentrations. 
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Aluminum sulfate (alum) or sodium aluminate (a buffered form of alum) have historically been
used in lake management in the formation of a sediment blanket. When alum is added t
floc of aluminum hydroxide is formed. This floc binds with phosphorus in the water forming 
precipitant which settles to the bottom. The settled floc creates a layer of aluminum hydroxide on
the lake bottom that significantly retards the release of phosphorus from the sediments (US EPA
1990; Cook

 
o a lake, a 

a 
 

, 
e et al., 1993). This is particularly true under anoxic (DO depleted) conditions when 

e rate of phosphorus liberation from the sediments is intensified. The formation of a blanket to 
 that 

 be 

per lake.  A potential disadvantage associated with 
e application of alum is the possibility of aluminum toxicity. When alum is added to water, an 

 Yet, the formation of the 
luminum hydroxide forces the pH and alkalinity of the water to decrease at a rate that is 

.0, 

, 

pon 

tephen Foster Lake during the summer seasons of 
004 and 2005. Such low pH values may be indicative of possible monitoring equipment 

 values 

d 
ke 

ta 

0 
fic 
ds.  

Stephen Foster Lake should be determined through the recommended bench tests.  Given the 

th
control the release of phosphorus from the sediments has shown to be most effective in lakes
have a relatively large internal load. However, alum treatments of smaller, shallower lakes, such 
as Stephen Foster Lake over the last 15 years have documented that such treatments can still
cost effective. The main difference is that the longevity of an effective alum blanket in a smaller, 
shallower lake is shorter than for a larger, dee
th
aluminum hydroxide floc is formed at a pH between 6.0 and 8.0.
a
dependent upon the initial alkalinity or buffering capacity of the water. If the pH falls below 6
dissolved aluminum is produced in measurable concentrations. Elevated concentrations of 
dissolved aluminum are toxic and can have a negative impact on the biota of a waterbody. Thus
a set of bench tests must be conducted to calculate the “safe maximum” alum dosage rate. 
 
While dosage rates are provided within the scientific literature, they are strongly dependent u
the specific water quality conditions of a given waterbody. In addition, extremely low pH values 
have been recorded in the deep waters of S
2
malfunction, however, if such low pH conditions routinely occur in Stephen Foster Lake, this 
may either limit the use of nutrient inactivation to more expensive, buffered alum products or 
entirely eliminate the possible use of this in-lake technique.  Given the low deep water pH
recorded in Stephen Foster Lake in 2004 and 2005, it is strongly recommended that a set of 
bench and toxicological tests be conducted to calculate its site-specific safe maximum dosage 
rate and possible ecological impacts, respectively. The calculated dosage rate, which is how 
much alum can be added before the pH becomes 6.2, is compared to the amount of alum require
to bind with the targeted internal phosphorus load.  If not enough alum can be added to the la
to bind with the targeted internal phosphorus load without posing a threat to the resident bio
through aluminum toxicity, a buffered alum product, such as sodium aluminate, may be needed 
instead of standard alum. 
 
Based on the scientific literature and Princeton Hydro’s past project experience, a “typical” 
range of alum dosage rates designed to inactivate the internal phosphorus load is 50 to 20
gallons of alum per acre. The wide range in dosage rates is due to variability in site-speci
water chemistry (i.e. buffering capacity) and the magnitude of the internal phosphorus loa
Based this range of alum dosage rates and the magnitude of the lake’s internal phosphorus load, 
approximately 10,000 gallons of alum would be required for Stephen Foster Lake. This estimate 
if based on a dosage rate of 200 gallons per acre, with 50 acres of the lake targeted for treatment. 
 It should be emphasized that this is only an estimate and that the site-specific dosage rate for 
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volume, surface area, average depth and flushing rate of Stephen Foster Lake, the duration of 
effectiveness for an alum blanket is expected to be between 2 to 4 years. Given the location of 
the lake, the estimated dosage rate and access to the lake from the shoreline, the barge 

um 

tem, 

application of an alum blanket is expected to cost between $13,000.00 and $15,000.00. This 
estimated cost includes some in-lake monitoring during the application of the alum but does not 
include the required post-application monitoring to assess the duration and effectiveness of the 
treatment. 
 
In conclusion, the application of an alum blanket may be an effective short-term solution in 
reducing the impact of the lake’s internal phosphorus load during the summer season.  An al
blanket could be applied and provide water quality improvements, giving the State Park the 
opportunity to conduct a more detailed study on the design and installation of an aeration sys
powered by an alternative source of energy. 
 
3.2.8 - Dredging / Construction of a Regional Wetland BMP 
 
Based on the data presented in the original Phase I study, approximately 29% of the original 
volume of Stephen Foster Lake has been filled in with sediment since it was impounded in 1977. 

f 

 
t 

ased on the original Phase I study, with a mean sediment thickness of 2 feet, it was estimated 
 Foster Lake had approximately 20,000 cubic yards of material. The 

ost of mechanically dredging and properly disposing this material was estimated to cost 

 be 

 also serve as a demonstration project, educating local, regional and State 
rganizations on the design, implementation and effectiveness of such a BMP.  With the 

forebay 

d 
 

If it were assumed that sedimentation rates have remained constant, then slightly under half o
the lake’s original volume would be filled in with sediment as of 2005. With the installation of 
the BMPs through the last ten years, it is unlikely that rates of sedimentation have remained 
constant for Stephen Foster Lake. However, it is more than likely that the mean depth of the
unconsolidated sediment in the forebay west of SR 4015 is greater than the mean depth of 2 fee
as estimated in the original Phase I study. 
 
B
that the forebay of Stephen
c
between $120,000.00 and $160,000.00, assuming that an upland disposal site would be within 
one mile of the project site. It is more than likely that the cost of dredging the forebay would
higher now due to an increase in the amount of unconsolidated sediment.  While the original 
Phase I study proposed to simply dredge the forebay west of SR 4015, it is now recommended 
that this proposed project be expanded to dredge and convert the forebay into a regional wet 
pond or wetland BMP for the lake. Such a BMP would have the potential to provide added 
control in the magnitude of the pollutant loads entering the lake from the rest of the Mill Creek 
watershed, as well as serve as refuge habitat for a variety of aquatic organisms, including the 
young of many of the desirable fish species that exist in the lake. The regional wet pond or 
wetland BMP could
o
majority of the targeted watershed-based BMPs implemented throughout the Mill Creek 
watershed, it is now appropriate to focus on implementing more in-lake projects such as 
converting the forebay into a regional wet pond or wetland BMP. A large portion of the 
is currently filled-in and may now serve as a sink for pollutants. However, based on observations 
made by the Park staff, large storm events results in pushing a large amount of particulate an
dead plant material into the main body of the lake. In addition a number of nuisance, invasive
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plant species are known to exist in the forebay. Thus, the forebay in its existing state is m
than likely a source for pollutants, rather than a sink, at least during storms of a given magnitude.
 
In order to convert the existing forebay into a regional wet pond or wetland BMP, an updated 
bathymetric survey needs to be conducted. Unlike the bathymetric survey conducted during the 
Phase I study, this proposed survey would concentrate on the forebay and the section of the lake 

ore 
 

st to the east of the forebay. This survey would be used to determine the existing water 
In 

g 
er 

tant reducing and ecological value of an installed regional wet pond or 
etland BMP at Stephen Foster Lake, this in-lake restoration / management technique should be 

 of a cost effective aeration 
stem, a substantial amount of analysis and design work would be necessary to design an 

.2.9 - Biomanipulation

ju
contours and quantify the amount of unconsolidated sediment within this section of the lake. 
addition to the bathymetric survey, a limited degree of hydrologic modeling would be necessary 
to quantify the water loads entering the forebay section of the lake under storms of varyin
magnitude. The bathymetric and hydrologic data would then be used in conjunction with oth
data such as estimated TP and TSS loads, existing soils, depth to bedrock and depth to high 
groundwater, to develop a design plan for a regional wet pond or wetland BMP. Such a detailed 
assessment is the only means of developing a design plan that would be effective at further 
reducing the TP and TSS loads entering Stephen Foster Lake, under the existing site specific 
watershed conditions. This analysis would also provide the data needed to accurately estimate 
the actual cost of converting the existing forebay into a regional wet pond or wetland BMP. 
 
Given the high pollu
w
considered for implementation. However, similar to the installation
sy
effective, site-specific forebay BMP for Stephen Foster Lake. Therefore, the conversion of the 
forebay into a regional BMP should be considered a long-term in-lake technique that will require 
a number of years to actually implement. 
 
3  

r Lake, biomanipulation is defined as “a series of 
anipulations of the biota of lakes and of their habitats to facilitate certain interactions and 

 
 blue-greens” (Sharpiro, 1990). In effect biomanipulation is structuring the aquatic 

od web to favor the growth of non-scum forming algae and minimizing the density of blue-

ge fish) species. This in turn would reduce grazing on the 
ooplankton and would lead to increasing herbivore (zooplankton) biomass and hence a decrease 

ms, the lake’s current food web actually functions to 
me extent to biomanipulate the lake’s trophic state. Specifically, edible algae such as 

he first 
uisance blue-green algae did not dominate the plankton 

ommunity until July. In addition, large, herbivorous (algae-eating) zooplankton such as the 
cladoceran Daphnia were common in the lake. Also, based on circumstantial and observational 

 
Within the scope of this study on Stephen Foste
m
results which we as lake users consider beneficial - namely reduction of algal biomass and, in
particular, of
fo
green algae. An increase in piscivorous (large predacious, game fish) species can result in a 
decrease in planktivorous (smaller fora
z
in producer (phytoplankton) biomass. These conditions ultimately produce an increase in water 
clarity and quality. 
 
Based on a review of the phytoplankton and zooplankton data collected at Stephen Foster Lake 
during the 2004 and 2005 monitoring progra
so
flagellates, were the dominant species in the open waters of Stephen Foster Lake during t
half of the growing season, while n
c
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data as well as State collected survey data, Stephen Foster Lake has a large and healthy 
population of large, warm water gamefish such as largemouth bass. Such a community structu
facilitates the growth of large-bodied zooplankton, since the gamefish keep the small forage fish 
numbers under control. In turn, the zooplankton serve as a natural means of controlling excessive
algal growth through grazing. Thus, the structure of the existing food web gives rise to the “clear 
water conditions” observed in Stephen Foster Lake during the late spring / early summer season.
 
Based on our own project experience, biomanipulation alone cannot eliminate or control the 
occurrence of nuisance algal bloom

re 

 

 

s. The primary means of controlling algae growth in Stephen 
oster Lake is by reducing the phosphorus load and in-lake phosphorus concentrations.  

 
h 

 can 
 and 

F
However, biomanipulation can supplement a nutrient control strategy, providing additional 
control of algal growth beyond their metabolic nutrient requirements. Thus, while no specific 
activities are recommended for the management of Stephen Foster Lake from the perspective of 
biomanipulation, the Park should be cognizant of the structure of the lake’s existing food web 
and how it contributes toward controlling nuisance algal growth. For future management efforts,
care must be taken not to upset the existing ecological balance by stocking too many forage fis
in the lake or by the accidental introduction of an invasive species into the lake. Such efforts
be addressed through a pro-active educational program directed toward the visitors who fish
recreate at the lake. 
 
3.3 - Evaluation of In-Lake Management Techniques 
 
A feasibility matrix was developed to objectively evaluate the implementation of the potential 
in-lake restoration / management techniques. An ordinal ranking, based on a score of 1 to 5, was
generated for each restoration / management technique. Those techniques scoring the highest
were given priority consideration. The feasibility of each option was judged on the basis of:
 
Pollutant 

 
 

 

reduction - How substantial a decrease in nutrient and/ or sediment loading could be 
xpected from implementation of this method? 

 

 

nd Maintenance (O/M) Costs - How much will it cost to operate and/ or maintain 
e technique on a long-term, annual basis? 

e
 
Practicality - Can the method be practically implemented for Stephen Foster Lake and/or its
watershed? 
 
Effectiveness - Based on the scientific literature, how effective is this method in meeting desired
restoration / management objectives? 
 
Initial Costs - How much will it cost to design and initially implement the technique, compared 
to expected returns? 
 
Operations a
th
 
Environmental Impacts - Are there any adverse environmental impacts associated with 
implementation of the technique? 
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The results of this feasibility matrix analysis are provided in Table 2. Based on the analysis
of the ten restoration / management techniques had rankings equal to or greater than 20.  The 
development of the in-lake restoration strategy for Stephen Foster Lake will concentrate on the
six highest ranked techniques.  The use of the contact herb

, six 

se 
icide RewardR was the highest ranked 

chnique, tied with bottom water withdrawals, due to its low cost and high level of practicality. 

ants 
 of the 

de problem associated with the 
resident aquatic plants would warrant the possible application of winter drawdowns. Such an 
approach would be a cost effective way of reducing densities of aquatic plants, particularly 
Eura
management technique if aquatic plant densities increase throughout the lake in the future. 
 
The bottom water withdrawal conducted in the spring of 2005 appeared to minimally benefit 
Stephen Foster Lake by delaying the establishment of thermal stratification by approximately 
two weeks. Given the nominal cost associated with conducting bottom water withdrawals, it is 
recommended to continue this management technique, again only conducting it on a temporary 
basis in the spring / early summer to delay thermal stratification and reduce the early season 
magnitude of the lake’s internal phosphorus load. Once an aeration system is installed and 
operating in Stephen Foster Lake, the use of bottom water withdrawal would no longer be 
required. 
 
From a long-term perspective, the most effective means of controlling the lake’s internal 
phosphorus load is through artificial circulation (aeration). While the installation of such a 
system is relatively practical with minimal environmental impacts, the initial cost is moderately 
high and there are concerns over the annual operational and maintenance costs. Thus, additional 
investigations into the proper compressor size and design of such a system, as well as its actual 
annual costs in terms of maintenance and energy demands are required. In addition, the 
investigation should include a determination if it is feasible for the aeration system to be 
powered, either partially or entirely, with an alterative energy source such as wind or solar. Such 
an alternative approach would reduce the long-term annual energy costs associated with running 
the aeration system consistently through the growing season (late April / May through early 

 
Relativ
inactiva  internal phosphorus 

ad. Given the hydraulic residence time of Stephen Foster Lake, the duration of effectiveness of 
an appl  
artificia  

te
While there are some environmental impacts associated with contact herbicides, the RewardR is 
only applied in a very small and isolated section of the lake near the public boat launch. Thus, its 
environmental impacts on the lake as a whole are minimal. This localized treatment approach 
should be continued if warranted. 
 
Winter drawdowns should only be considered if the aquatic plant community in Stephen Foster 
Lake increases in its distribution. Based on recent observations, nuisance stands of aquatic pl
are isolated and sporadic throughout the lake. As water clarity increases with the operation
BMPs and the implementation of other in-lake techniques, the distribution and densities of the 
resident aquatic plants will increase. A more large scale, lake-wi

sian watermilfoil. Therefore, winter drawdowns should be thought of the contingency 

September). 

e to the long-term perspective associated with artificial circulation, the use of nutrient 
tion with alum is thought of as a short-term means of addressing the

lo
ied alum blanket is estimated to be 2 to 5 years. The advantage the alum blanket has over
l circulation is that once applied, water quality improvements are immediately realized
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and ann
Stephen
environ n alum 
treatme t should be considered for Stephen Foster Lake. 
 
The dredging and conversion of the forebay to function as a regional wet pond or wetland BMP 
would 
habitat MP would also serve to provide 
dditional pollutant removal capacity of NPS pollution that would otherwise enter the main body 
f the lake from the Mill Creek watershed. Thus, the regional wet pond or wetland BMP would 

d streambank BMPs that have been installed throughout the 
ill Creek watershed over the last decade. However, a considerable amount of site-specific 

analyse
aeratio
be cons

Table 3.3.1 – Management Alternatives Feasibility Matrix for Stephen Foster Lake 
 

ual maintenance costs are negligible. However, prior to the application of alum to 
 Foster Lake additional tests are absolutely required to minimize and address potential 
mental impacts. Thus, from a short-term perspective (over the next 1-3 years) a
n

be an effective means of creating diverse, in-lake habitat to serve as refuge and spawning 
for many of the fish species that reside in the lake. The B

a
o
serve to augment the agricultural an
M

s are required for converting the forebay into a regional BMP. Thus, similar to the 
n system, the conversion of the forebay into a regional wet pond or wetland BMP should 
idered a long-term restoration / management technique.  

 
 

 
 

.4 - Recommended Strategy for Stephen Foster Lake -Aquatic Plant Control3  

 
out a 

large portion of the lake, an alternative restoration / management technique should be 

 
• The use of the contact herbicide RewardR to control the localized nuisance densities of 
submerged plants around the public boat launch and rental facility. 

• If the nuisance densities of submerged plants becomes more wide spread through
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considered. The primary restoration / management technique that should be considered 
for a more wide-spread degree of control for submerged aquatic plants in Stephen Foster 
Lake should be winter drawdowns, alternating in application every other year. 

implementation such as mechanical weed harvesting or the possible use of a systemic 
herbicide. However, these techniques should only be considered if winter drawdowns are 
deem not feasible or effective for Stephen Foster Lake. 

 
 
3.4.1 - Planktonic Algal Control

 
• Other more aggressive plant management techniques could be considered for 

 
 

• From a long-term perspective, an aeration system should be considered to minimize the 
impact the internal phosphorus load has on fueling algal blooms through the dry summer 
months. However, a considerable amount of design work is required prior to the 
implementation of this technique. This design work should include the integration of 
alternative sources of energy to power the aeration system to minimize long-term energy 
costs. 

 
• From a more short-term perspective, the application of an alum blanket should be 
considered to reduce the impacts of the internal phosphorus load. However, both bench 
dosing and toxicological tests should be run to ensure that the alum or related product 
could be used to safely inactivate the internal phosphorus load over a period of 2 to 5 
years in Stephen Foster Lake. 
 
• While it was established that no aggressive management efforts are required to 
biomanipulate Stephen Foster Lake, a limited amount of monitoring and public education 
should be conducted to ensure that the lake continues to favor the growth of large-bodied, 
highly herbivorous (algae-eating) zooplankton such as Daphnia. 

 
3.4.2 - Watershed-Based Pollutant Control 
 

• From a long-term perspective, the design and conversion of the existing forebay west of 
SR 4015 into a regional wet pond or wetland BMP should be considered to supplement 
the pollutant removal capacity of those BMPs installed throughout the watershed. In 
addition, a regional wet pond or wetland BMP will also serve as refuge and spawning 
habitat for a variety of aquatic organisms. However, a considerable amount of field data, 
hydrologic modeling and design work would be required to develop a site-specific BMP 
plan for the forebay. 

 
• Finally, it should be recognized that water quality monitoring of the lake and watershed 
should continue in order to document both improvements within the lake and reductions 
in the watershed-based pollutant loads. It should also be recognized that the monitoring 
program should be expanded to collect hydrologic flow data on Mill Creek. This will 
provide a means of quantifying the pollutant load reductions, in conjunction with 
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instream TP and TSS concentration data, associated with the installed watershed-based 
BMPs. 
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B– WATERSHED BASED  RECOMMENDATIONS 
 

.5 – Introduction3  

ollutant loads for phosphorus and sediment in the Mill Creek watershed were reduced 52% and 
 

 those 
ous 

 to 2006, the Bradford County conservation District once again inventoried the 
watershed for the purpose of determining the potential for additional agricultural, stream related 
and watershed b gnificantly 
improve water quality of waters entering the Stephen Foster Lake. 
 
 
3.6  Po onal  Im em

 
P
59% respectively (see Table 2.4.1), as the result of implementing agricultural and stream channel
BMPs from 2000 to 2004.  According to EPA modeling, these load reductions exceeded
specified in the Stephen Foster Lake TMDL (Table 2.4.2) but left 9,688 pounds of phosphor
and 3,521 tons of sediment per year moving through the watershed. 
 
During 2004

ased best management practices that would hold the potential to si

 – tential Additi Stream prov ent Sites 
 
An inven tem and tributaries of the Mill Creek d revea t 8 
add ona uld potentially in ase s loa e ke 6.1 
lists each of the site.  Figure 3.6.1 shows their locations. 
 

.6.1 2004 Str Invent y Sites for rsh
Contributing to Stephen Foster L

Site ID # Cause Length 
t) 

ed Cost 

tory of the main s
l sites wo

 Wa
ds to Steph

tershe
n Foster La

led tha
.  Table 3.iti cre ediment 

Table 3 eam or  Mill Creek Wate ed  
ake 

 

(fee
Er

(ton
osion 
s/year) 

Estimat
$ 

MC-01 Cattle 
Access/Riparian 
vegetation Loss $20,000 

2,000 289 $7,000 
to 

MC-02 Bank erosion 2,200 ? 212 
MC  transit

area 
  -03 Stream ion 1,500 477 $43,488

MC s blockage, 
land use 

  -04 Debri 425 65 $7,000

MC s blockage, 
slope slump 

0 0 -05 Debri 20 96 $50

MC an vegetati
on 

0 00 -06 Ripari on 
loss, bank erosi

15 20 $5,2

MC egetat
ank eros

0 00 -07 Riparian v ion 
loss, b ion 

20 13 $6,2
To 

$17,000 
MC-08 Channel instability 

$17,000 

225 173 $5,000 
To 

Estimates provided in Table 3.6.1 are based on preliminary data collection and 2004 cost 
estimates.   
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Figure .6.1 – 20  Stream Triage Inve 3 04  ntory 

 
 
3.7 – Potential Additional Agricultural Best Management Practices 
 
In 2006-7, the Bradford County Conservation District conducted an inventory of all farms in the 
watershed for the purpose of determining any possible additional opportunities for best 
management practice t  insta  that w utrient savings.  hat could be lled on farms ould result in n
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Significant opportunities for additional nutrient and sediment savings were identified on the tow 
rms that had not participated during the previous implementation phase.  Table 3.7.1 lists those 

 
Table 3.7.1 – Mill Creek Watershed Agricultural BMP Needs 

  Number   

fa
practices.   

 
Cost Landowner 

Farm 
# BMP of Units Units Unit Cost 

Share 
(80%) Cost (20%) 

6 
Earthen Manure 
Storage 205,000 cu 

$  
0.35 ft 

 $     
57,400.00  

 $     
14,350.00  

  
Manure Transfer 
Systems 2 systems 

$  
14,000.00 

 $     
22,400.00  

 $      
5,600.00  

  Concrete sumps 24 cu yd 275.00 
$   $       

5,280.00  
 $      
1,320.00  

  Access Rd 300 ft 
$  

22.00 
 $       
5,280.00  

 $      
1,320.00  

  Diversion 1,500 ft 
$  

3.00 
 $       
3,600.00  

 $         
900.00  

  Seeding/mulching 2 ac 
$  

500.00 
 $          
800.00  

 $         
200.00  

      
Farm 

Total =
$  

118,450.00 
 $     
94,760.00  

 $     
23,690.00  

         

7 HUAP - concrete 4,000 sq ft 
$  

10.00 
 $     
32,000.00  

 $      
8,000.00  

  Excavation 1 job 
$  

5,000.00 
 $       
4,000.00  

 $      
1,000.00  

  Diversion 500 ft 
$  

3.00 
 $       
1,200.00  

 $         
300.00  

  
Roof runoff 
management 70 ft 

$  
10.00 

 $          
560.00  

 $         
140.00  

  Underground Outlet 100 ft 
$  

7.00 
 $          
560.00  

 $         
140.00  

  
Manure Storage 
Facility 49000 cu ft 

$  
1.50 

 $     
58,800.00  

 $     
14,700.00  

      
Farm 

Total =
$  

121,400.00 
 $     
97,120.00  

 $     
24,280.00  

         
 

 
 

 
 

Mill Creek    Total For All Farms with 80%
Remaining BMP Needs    Cost Share   
     80% 20%  

     
 $         
191,880.00  

 $          
47,970.00   

     
Grand 

Total =
 $   
239,850.00   
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3.8 – Potential Transportation Related Best Management Practices 
 
During the Phase I study, the Bradford County Conservation District conducted an informal  
macro-invertebrate study of Mill Creek utilizing Interns.  The Study showed that at each location 
where a roadway discharged directly to Mill Creek, a significant loss of aquatic invertebrates 
was experienced.  While these findings were never quantified and considered in determining 
sources of loadings to Stephen Foster Lake, they do have impacts.  Sediment and transportation 
related pollutants bound to the sediments are discharged to Mill Creek.  An inventory of the sites 
that directly discharge to Mill Creek were inventoried by the Bradford County Conservation 
District in 2000.  Table 3.8.1 provides a summary of the sites, their length and estimated costs 
for addressing best management practices needed.  Figure 3.8.1 shows the locations of each of 
these sites. 
 

Table 3.8.1 Mill Creek Watershed Dirt and Gravel Road Sites 
 

Site ID Length (ft) Estimated Costs 
X245 1000 $25,000.00 
X246 1407 $35,175.00 
X247 2020 $50,500.00 
X291 1510 $37,750.00 
X273 840 $21,000.00 
X328 1876 $46,900.00 
X329 994 $24,850.00 
X332 1179 $29,475.00 
X333 1585 $39,625.00 
X529 640 $16,000.00 
X157 2115 $52,875.00 
X162 823 $20,575.00 
X163 597 $14,925.00 
X164 1753 $43,825.00 
X165 595 $14,875.00 
X166 1126 $28,150.00 
X147 2760 $69,000.00 

   
TOTALS 22,820 FT. $570,500.00 

 
 
A range of best management practices have been identified to address the dirt and gravel road 
sites and are summarized in table 3.8.2. 
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 Mill Creek Dirt d Gravel Road Sites 
 

 
 

Figure 3.8.1 an
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Table 3.8.2 Dirt & Gravel Road Best Management Practices 
 

/Egress 
o Insloping/Outsloping 

 Roa

o Outlet/Inlet Protection 

o

o

o

o Managing Off Road Drainage 
o Ditch Lining 

age 

o 
o Divide Flow Quantity 
o Diversion of Surface Water 
o Level Spreaders 

 Roadway design, layout and 
construction 

o Appropriate Driving Surface 
Aggregate  

o Proper Shaping and Grading 
of Roads  

o Stabilized Ingress

 
 Driveway design, layout and 

construction 
o Additional Cross-Pipes 
o Ditch Lining 
o Underdrain 

d Drainage System Design 
o Additional Cross-Pipes 
o Ditch Lining 
o Underdrain 
o Managing Off Road Drainage 
o Headwalls/Endwalls 

o Underdrain 
o Managing Off Road Drain
o Headwalls/Endwalls 
o Outlet/Inlet Protection 
o Cutouts 

Vegetative Filter Infiltration 

o Cutouts 
 Vegetative Filter Infiltration 

o Divide Flow Quantity 
o Diversion of Surface Water 
o Level Spreaders 
o Proper Pipe Installation 
o Appropriate Outlet/Inlet 

Location 
o Sheet Flow 

 Appropriately Sized Pipes 

o Proper Pipe Installation 
o Appropriate Outlet/Inlet 

Location 
o Sheet Flow 

Appropriately Sized Pipes 
 

o Rock Filters 
 Road Bank design, layout, construction 

& maintenance 
o Bank Sloping & Stabilization  

 Vegetative Management 
o Proper berm maintenance 

 Stream Stabilization 
o Stream Bank Protection 
o Reconnection of Stream 

Channels with Floodplains 
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3.9 – Estimated Future Load Reductions 

ased on past experience implementing BMPs in this watershed and previous EPA modeling, 

d inputs by as much as an additional 30 to 
0% for phosphorous and an additional 40% for sediment.  This will result in final loads of 

r respectively than pre-implementation levels and well in 
xcess of TMDL requirements. 

 
 e Recommendations are currently being refined, as described in Section 
3.11
develop
internal (in-lake) sources in Stephen Foster Lake as contributing approximately 8% of the 
Phosphorous loadings.  Target goals are for the entire 8% loadings to be addressed through the 

anagement practices selected. 

 
B
the additional best management practices as described in Section 3 – B Watershed Based 
Recommendations, are estimated to reduce watershe
4
roughly 6,300 pounds of phosphorous and 2,100 tones of sediment per year entering the lake 
from Mill Creek, 69% and 76% lowe
e

While In-Lak
 below, “Table 1.5.4 – Pollutant Loading Summary for Stephen Foster Lake” (page 73), 

ed during the 1994/1995 Phase I Diagnostic Feasibility Study identified loadings from 

in-lake best m
 
3.10 – Public Information and Participation 
 
As with the Phase I Study, the Bradford County Conservation District will continue to have 
prim Mill Creek 
Wa
educati ded 
represe rks, 
U.S. D , 
the Far ty Planning Commission and Educators. 
 
 
Park..  Ongoing educational efforts with the State Park personnel are planned to carry out the 
goals o nd displays at the Park; news 

leases; watershed tours; and special presentations. 

.11 – Implementation Goals and Schedule

ary responsibilities for the ongoing public education activities related to 
tershed restoration activities.  At the onset of the Phase I study, the District developed an 

on strategy in conjunction with its project oversight committee.  This committee inclu
ntatives from the PA Dept. of Conservation and Natural Resources, Bur. of State  Pa
epartment of Agriculture Agencies, the Pennsylvania State University Extension Service
m Bureau, the Grange, the Bradford Coun

An ongoing educational monitoring effort is being conducted with the Mt. Pisgah State 

f this program which include: public educational events a
re
 
3  
 
With th  
implem
the e 
been re . 
 
A c
dur
2009 fo  
DCN
reco
 

e watershed accomplishments achieved as outlined in Section II, no new ongoing
entation activities are being planned in the watershed in the immediate future other than 

ongoing riparian CREP activities.   Preliminary data shows that TMDL target goals may hav
ached.  A further evaluation by the PA DEP will determine any additional BMPs needed

urrent 319 funded project to assess and recommend in-lake restoration efforts is underway 
ing 2008-9.  Recommended BMPs from this study will be submitted for potential funding in 

r implementation in 2009-2010.  The Bradford County Conservation District and the PA
R Bureau of Parks will be the lead agencies to implement the identified BMP 

mmendations. 
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3.12 – In-Lake Monitoring and Evaluation 

e of Work has been approved for a
 
A Scop  EPA 319 funded project to be conducted during 2008-
200
 
Work 
Update

 

 Train professional volunteers in the programming and use of an automated sampling unit 
ake’s 

pate in at least one in-lake sampling event. 
 
Work Element 2 – Quantification of Pollutant Load 
 

 Using the data that will be collected in Work Element 1 as well as other sources of data, 
ring Stephen Foster Lake from 2004 through 2007. 

 Develop detailed hydrologic and pollutant budgets for 2007 or 2008. 
nt Practices 

watershed. Use the 

ng the targeted total phosphorus (TP) and total suspended solids 
(TSS) loads as established in its TMDL. 

 The collected data will be used to estimate the lake’s internal phosphorus load on a 
monthly and annual basis. 

phosphorus loads on both a monthly and annual basins. 

Work Element 3 – Detailed Analysis of Possible In-Lake Management Techniques 

om Work Elements 1 and 2 to re-evaluate, on a more site-

Lak  to mo ine the 
 

bathymetric survey will be for informational purposes and not for the generation of 

ll be sed to ondu  desig ns and cost 
 Foster 

 The bathymetric survey, focused on the lake’s forebay will also be used to develop a 
 regional wet pond or wetland 

BMP. 

9.  That Scope includes the following elements: 

Element 1 – Collect Site-Specific Data on the Stephen Foster Lake Watershed to 
 its Pollutant Load Budget 

 
 Develop a Quality Assurance Project Plan (QAPP) for the in-lake and watershed

monitoring. 

(ISCO 3710), which will be used to collect integrated stormwater samples at the l
main inlet. 

 Consultant will partici

quantify the pollutant loads ente

 Quantify the pollutant reductions associated with agricultural Best Manageme
(BMPs) that have been implemented in the Stephen Foster Lake 
resulting analyses to quantify how much the agricultural BMPs contributed toward 
compiling with attaini

 Use the reducing analyses to compare the Stephen Foster Lake external and internal 

 

 
 Utilize all data and results fr

specific basis, and critically assess the feasibility of various in-lake restoration / 
management techniques. 

 Conduct a bathymetric survey of Stephen Foster e re accurately determ
feasibility and applicability of various in-lake management techniques. Please note the

permit-grade plans. 
 The results of the bathymetric survey wi  u  c ct n calculatio

estimates for a solar and/or wind-driven artificial circulation system in Stephen
Lake. 

design and identify the associated costs to convert it into a
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 Conduct the field and laboratory work necessar ca e ke-specific dy to lculat the la osage rate 
nke n Step en Fo er Lak . Thes ns will be 

tha  to the 

imnetic lake water. 
A 

Department of Environmental Protection (DEP) and will include both acute and chronic 
as the test organisms. 

 lanke in Ste r 
Lake and Water Quality Monitoring 

btained from PA DEP and the 
ly an lum blanket over approximately 50 

acres of Stephen Foster Lake. 

alum blanket. This will include participating in one pre- and one post-treatment 

 
oject Meetings 

e to the Bradford County 
Conservation District in filing the quarterly reports to PA DEP. 

 It is anticipated that there will be at least eight project meetings conducted through the 

reviewed by the Bradford County ConservationDistrict, PA DEP and the State Park. 
 

Table 3.12.1 - Breakdown Deliverables Associated with the Stephen Foster Growing 

r)   $6,350.00 
Sub-total         $14,150.00 

      $7,980.00 
 
Work Element 3 – Analysis of in-lake management techniques 

for the application of an alum bla t i h st e e calculatio
used to determine the safe and acceptable range of alum dosing t can applied
lake to avoid aluminum toxicity. 

 Conduct a series of toxicological tests on epilimnetic and hypol
Testing will involve Whole Effluent Toxicity Test (WETT) protocol as mandated by P

testing with fathead minnow and Ceriodaphnia 
 
Work Element 4 – Possible Implementation of an Alum B t phen Foste

 
 If the toxicity testing is favorable and approval is o

State Park, work with an experienced contractor to app  a

 Provide a minor amount of assistance in the pre- and posttreatment monitoring of the 

monitoring event, as well as participating in the actual application of the alum blanket. 

Work Element 5 – Pr
 

c Contractor selected will provide technical assistan

course of the project. 
 Complete a final report, which will document all project activities. The report will be 

Greener Grant 
 
Work Element and Associated Tasks     Cost 
 
Work Element 1 – Data collection 
QAPP          $3,360.00 
Training and technical assistance      $4,440.00 
Laboratory analyses (in-lake, baseline and stormwate

 
Work Element 2 – Quantification of pollutant loads 
Updating the hydrologic and pollutant budgets    $5,360.00 
Comparing updated loads to existing TP and TSS TMDLs   $2,620.00 
Sub-total   
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Assessment and cost analysis for artificial circulation   $5,120.00 
ssessment of the potential use of alum     $3,020.00 

Work Element 4 – Possible alum blanket application 
Oversight and monitoring of possible alum blanket application  $3,040.00 
Laboratory analysis of pre- and post application samples   $3,000.00 
Sub-total         $6,040.00 
 
Work Element 5 – Project management and final report 
Technical documentation and management, meetings   $7,200.00 
Submission of final report and TMDL analysis    $6,560.00 
Sub-total         $13,760.00 
 
Project Total        $75,370.00 
 
Project Timeline: 
Work Element 1: January 15, 2008 to December 31, 2008 
Work Element 2: January 15, 2008 to October 31, 2008 
Work Element 3: July 1, 2008 to March 31, 2009 
Work Element 4: April 1, 2009 to September 31, 2009 
Work Element 5: January 15, 2008 to September 31, 2009 
 
 
3.13 – Long Term Monitoring

A
Laboratory analyses for alum feasibility (WETT toxicity, bench tests)  $10,660.00 
Bathymetric survey of forebay and associated field work   $4,880.00 
Engineering and identification of required permits for forebay project $9,760.00 
Sub-total         $33,440.00 
 

 
 
As Best Management Practices are installed as outlined in Section 3, continued monitoring of 
both watershed and lake water quality is planned to track improvements, provide documentation 
of compliance with the TMDL, and facilitate removal of Stephen Foster Lake from the impaired 
water bodies list.  This monitoring will be both chemical and biological, focusing on 
phosphorous and suspended solids levels, between April and October annually at a subset of the 
sampling stations identified in the initial Phase I study.  The Bradford County Conservation 
District will take the lead in chemical sampling, with assistance from the PA Department of 
Environmental Protection in biological monitoring. 
 
It is very difficult to assign specific milestones for water quality recovery in a lake, given the 
complex interactions of physical, chemical and biological factors within the lacustrine system.  
Upon completion of the current detailed study of in-lake restoration options, however, guidelines 
will be developed for judging the progress of restoration efforts in improving lake water quality 
and included in this plan. 
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3.14 - Remedial Actions 
 
The Lead Project group, c District, the PA 
Department of Environmental Protection and the PA Department of Conservation of Natural 
Resources – Bureau of State Parks, will meet annually to evaluate progress in achieving targeted 

 it is determined goals are not being achieved, 
ined in Section III will be considered. 

 

onsisting of the Bradford County Conservation 

TMDL goals as outlined in Appendix A.  If
additional BMPs as outl
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APPENDIX A 
 

TMDL for Stephen Foster Lake  
Bradford County, PA  

A.0 - Introduction 

This TMDL for Stephen Foster Lake was completed to address the impairments outlined by the 
1996 PA 303(d) List.  On that list, impairments to the lake were attributed to sedimentation 
(listed as TSS) and excess nutrient loading.  Because Pennsylvania does not currently have water 
quality criteria that address nutrients or sediment, the Trophic State Index (TSI) (Carlson 1977, 
see Attachment B) was used as a measure of the lake’s water quality.  Since the trophic state is a 
relative description of a lake’s biological productivity, it can be used to gauge the lake’s overall 
health. TSI analysis was used to calculate the target phosphorus reductions for this TMDL.  

hosphorus is generally held to be the limiting nutrient in a waterbody when the TN:TP ratio is 
exceeds 10:1.  The TN:TP ratio in the Stephen Foster Lake watershed is approximately 21:1.  
Since Stephen Foster Lake is phosphorus limited, the established relationship between the in-
lake phosphorus concentration and TSI was used as a guideline for the setting of target 
reductions.  
 

lthough impairment on the 1996 and 1998 303(d) Lists is attributed to nutrients and 
 

rant CL-

ke. 

des 

P

A
sedimentation (listed as TSS), it has been subsequently determined by the Department and EPA
that the listing for TSS was inaccurate.  While target load reductions have been calculated for 
sediment, they are not part of the TMDL.  The calculated load reductions are recommended to 
abate localized accumulations of sediment.  Thus, the focus of this TMDL is on the allowable 
load of phosphorus.  
 
All information used for the TMDL computations was taken from the Phase One Diagnostic-
Feasibility Study of Stephen Foster Lake conducted by Coastal Environmental Services, Inc. in 

995 and 1996 (also referred to as Clean Lakes Study).  This study, completed under G1
993029-01-0 from the U.S. EPA Clean Lakes Program, was funded under Section 314 of the 
Federal Clean Water Act.  The study was the result of an application submitted to EPA by the 
Bradford County Conservation District, which was concerned with the water quality of the la
It was developed to quantify the impacts of nonpoint source nutrient and sediment in runoff on 
the lake and to develop a lake and watershed management plan.  
 
The Stephen Foster Lake TMDL Information Sheet that is attached to this document provi
background on TMDLs and water quality standards.  
 
 
A.1 - Background 
 
Stephen Foster Lake is a 70-acre lake located in Mt. Pisgah State Park, Bradford County in the 
scenic Endless Mountains region of Pennsylvania's Northern Tier (more detail on the location of 
Stephen Foster lake is provided in the map on the front cover of this document).  The lake was 
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created in 1977 by the construction of a 46 ft high earth and rockfill dam across Mill Creek.  
Surface water enters and discharges through Mill Creek, then Sugar Creek and eventually flows 
into the Susquehanna River. Stephen Foster Lake is located in Pennsylvania SWP Basin 4-E.  
Bathymetric analysis shows the lake volume to be 3.15x 10

7
 ft

3
 and the mean depth to be 10.3 ft

This lake provides recreational opportunities through fishing and boating.  The surrounding park
includes picnic areas, a swimming pool, trails for hiking and exercise, and areas for hunting. 
During the winter, additional activities include ice skating and snowmobiling.  
 
Current water quality concerns in the lake include excessive algae growth, low hypolimne
bottom water) dissolved oxygen concentrations and lo

. 
 

tic 
calized sedimentation.  The primary 

 the watershed. Agricultural activity is the 
most significant source of both nutrients and siltation.  Algal blooms have occurred in the lake 
since shortly after construction of the impoundment.  The blooms have increased in recent 
years, limiting the recreational use of the lake.  Siltation is a concern near the lake inlet.  There 
are no point source discharges in the Stephen Foster Lake watershed.      
 
The Stephen Foster Lake watershed is a unique and valuable asset to Bradford County. The lake 
currently has one of the best bass and panfish fisheries in the Pennsylvania State park system.    
 
 
A.2 - TMDL Endpoints 

(
pollutant source is the nonpoint source runoff from

 
Nonpoint source runoff from the surrounding watershed is the primary pollutant source, with 
agricultural operations being the most significant source of both nutrients and sedimentation. 
Based on land use and associated runoff coefficients, estimated loadings for the different land 
use categories were computed.  Load reductions for phosphorus were based on the needed in-
lake phosphorus concentration necessary to reach the target pollutant load.  It is the 20% above 
the All-Forest load that serves as the endpoint for this TMDL.  Although the final calculated TSI 

oes not fall in the mesotrophic range, it is the Department’s belief that the All-Forest plus 20% 
ke.  

apter 93.5 (c) which governs 
e use of ambient conditions as water quality criteria.  The “natural” TSI and in-lake 

hosphorus concentration was based on the forest runoff coefficient used in the Clean Lakes 
Study.  This value, 0.176 lb/acre-yr, was developed for use during the preparation of the Clean 
Lakes Study.  This value is appropriate for use as representing the ambient condition.  This value 
was verified in the sources used for the Clean Lakes Study.  This value represents the 
uncontrollable load (the load that would always be present), and does not account for any 
anthropogenic activity.  To account for anthropogenic activity the allowable loading was 
increased by twenty percent.  This quantity is the controllable load.  A portion of the controllable 
load is reserved as the margin of safety for the TMDL computation.  This is further explained in 
the section describing the computations. For suspended solids, the forest runoff coefficient used 
was 89.0 lb/acre-yr.      

ined 
y the Department to be inaccurate.  The mistaken determination seems to have been made while 

d
loading rate is protective of the designated aquatic life uses for Stephen Foster La
 
Water quality goals for phosphorus were set using PA Title 25 Ch
th
p

The 303(d) listing for total suspended solids (TSS) for Stephen Foster Lake has been determ
b
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interpreting the source and cause codes used by the Department to categorize pollutant types for 
the 303(d) list. The Phase One Diagnostic Feasibility Study found TSS to be generally less than 
20 mg/l in Stephen Foster Lake.  This was not found to be impairing water quality or interfering 

ith the designated uses of the lake.  In fact, the study found Stephen Foster Lake to be 
supporting one of the best bass fisheries in Pennsylvania.  As stated earlier, neither PADEP nor 
EPA has water quality criteria for suspended solids. However, EPA recommendations (Water 

uality Criteria, 1972) suggest that TSS concentrations at 25 mg/l and below offer aquatic 
communities a high level of protection.  The Department has determined that the available 
information does not support the listing of Stephen Foster Lake as impaired by TSS, and 
therefore a TMDL is not necessary for this pollutant.  
 
According to information provided in the Phase One Diagnostic Feasibility Study, incoming 
sediment loading from the watershed was found to be a problem primarily in localized areas of 

e lake.  These areas are acting as catch basins for sediment coming in from the watershed.  The 

 

rmination of the calculated volume of sediment accumulation in the 
ke is probably in error (Attachment A- page 7).  Because of a lack of available information, 

s, it 
oad 

 

w

Q

th
Study recommended selective dredging of these areas to maintain the sediment trapping 
efficiency and to reduce transport to the main body of the lake.  It is unclear how this 
sedimentation has affected the total lake area.  The as-built plans are not available to determine 
the original lake volume.  Additionally, Coastal Environmental Services Inc., who conducted the
Phase One Diagnostic Feasibility Study on Stephen Foster Lake, concedes that due to lack of 
information, its own dete
la
and because sediment accumulations have been documented to be contained to localized area
was determined that a lake TMDL for sediment was not appropriate at this time.  However, l
reductions and source allocations for sediment in the watershed were determined based on best
professional judgment.  The Department believes these reductions would be effective in 
controlling excess sediment loading to the lake.  
 
 
A.3 - Data Compilation 
 
This section is separated into lake information and pollutant source information.  

he following table shows lake data used for TSI computations.  

Table A.3.1 – Lake Information 

he existing phosphorus concentration above represents the average annual concentration in the 

T
 
 

 
T



 

lake (0.086 mg/L) based on the unit area loadings shown in Table 2.  This value is consistent 
ith the measured average value recorded in the Phase I Clean Lakes Study where the whole-
ke average total phosphorus concentration was 0.074 mg/L.    

 
Biomonitoring was completed on Stephen Foster Lake and included chlorophyll a, 

hytoplankton and zooplankton densities, and an assessment of the fisheries.  
 
Phosphorus was found to be the limiting nutrient in the lake.  The lake is hyper-eutrophic (TSI > 

5) at present; with high phosphorus levels and sedimentation the major sources of impairment 
to the lake.  
 
 
A.4 - Pollutant Source Information 

w
la

p

6

 
The pollutant loadings were developed for each type of land use in the watershed and by 
monitoring during dry and storm events.  Routinely monitored sites included Mill Creek (the 
major tributary), the park well, and the lake outlet. There were nine sampling stations, including 

o stations on the lake, at the deepest point and in the upstream reaches of the lake, sediment, 
eek.  Storm samples were collected at the 

ream sampling sites.    
 
Lake water
Monthly sa
through Ju
because of unsafe ice conditions. All Clean Lakes projects follow the Clean Lakes Program 
requiremen pling, and parameters to be sampled (see Attachment  
C: 4 FR
 
The following table depicts the unit area loading values for the land use categories considered in 
this evalua
 
 
 
 
 
 
 
 
 
 
 
 

 

 

tw
inlet, outlet, one on Pisgah Creek, and three on Mill Cr
st

 quality samples were collected bimonthly in July, August, and September 1994.  
mples were collected in June, October, and November 1994, and from February 

ly 1995.  No lake samples were collected in either December 1994 or January 1995 

ts for temporal and spatial sam
0 C  Part 35 Subpart H and 40 CFR Part 31).  

tion.  
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Table A.4.1 – Unit Area Loading for Stephen Foster Lake 

 
 
 
A.5 - Consideration of Critical Conditions 
 
By expressing the TMDL for nutrients and the recommended sediment load reductions as annual 
loads, both the storm loads and the dry weather loads have been implicitly included.  Given that 
there is generally a significant lag time between the introduction of sediment and nutrients to a 
waterbody and the resulting impact on beneficial uses, establishing this TMDL using average 
annual conditions is protective.  
 
 
A.6 - Explanation of TMDL Computations for Phosphorus 
 
The TMDL was computed by the following methods:  
 

1. Existing TSI and phosphorus loading values were computed using the equations 
contained in the Lake for Windows program “TSI Only” option (see Attachment D: 
excerpt from the Implementation Guidance for Section 95.6 Management of Point 
Source Phosphorus Discharges to Lakes, Ponds and Impoundments – showing the 
Reckhow Models and TSI equation)). Refer to the page 10 titled “Existing 
Conditions” for TSI analysis.  



 

2. To establish the controllable and non-controllable contributions of phosphorus to the 
lake, a TSI and loading was computed based on all of the land in the lake watershed
being forested.  The all forest scenario is an estimate of natural condit

 
ions, with no 

All 

ation.  
4. The load from the all forest scenario is subtracted from the target TMDL load.  This 

d use categories.  The 
categories of Forested and Hydrography were held constant for the All-Forest 

 by the 

 
% Reduction = (1- (TMDL Load / Existing Load))* 100  

 
The margin of safety is set at 10%.  This requires that an additional 10% of the load be 
targeted for removal to account for uncertainty in the calculation of this TMDL.  This 
explicit margin of safety is calculated as 10% of the difference between the computed TMDL 
loading and the loading computed from the all-forest scenario (controllable load).  

 
le load + margin of safety 

Uncontrollable Load = 1162.9 lb/yr  

5– 1162.9) * (1-0.1) = 209.3 lb/yr  
Margin of Safety = 10% of Controllable Load = (1395.5– 1162.9) * 0.1 = 23.3 lb/yr 
 
Uncontrollable Load results from an all-forested watershed absent of anthropogenic sources. 
Controllable Load results from anthropogenic impacts.  

 
Table A.6.1 – Summary of TSI Scenarios 

 

influence from man. This scenario also represents the best possible condition for lake 
water quality.  This represents the non-controllable load. Refer to page 11 titled “
Forest Scenario” for TSI analysis.  

3. To determine the target TMDL loading for the lake, the loading from the all forest 
scenario was multiplied to a factor of 1.2. This allows for a 20 % increase in the in-
lake phosphorus loading. See Attachment E for scientific justific

is the quantity of phosphorus that is allocated among the lan

scenario.   
5. The percent reduction is calculated by dividing the TMDL phosphorus load

existing phosphorus load. Table 4 shows individual land use phosphorus reductions 
and Table 5 shows the cumulative phosphorus loading and percent reduction.  

Target TMDL  = the uncontrollable load + the controllab

 
Controllable Load = (1395.

 Table 3: Summary of TSI Scenarios   

Scenario   In-Lake P Conc (mg/L)  TSI  Load (lb/yr)  

Existing Conditions   0.086  68.38 2713.8  
All Forest   0.037  56.22 1162.0  

Target TMDL   0.044  58.72 1394.4  
 
Percent reductions for appropriate land use categories are shown in Table 4.  The EMPR 

 allocation method was used (see Attachment F: Equal Marginal Percent Reduction). 
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A.7 - Explanations of Load Reduction Computations for Sediment 
 
Bathymetric analysis shows that the lake volume is 8.92 x 10

5

 m
3 

and that 3.67 x 10
5

 m
3

 of 
sediment has accumulated in the lake since its impoundment in 1977. No provisions were 

rovided for sediment control when the lake was impounded. Sedimentation is a problem near 
.  

 

e 
tion for lake water 

quality.  This represents the non-controllable load.  
2. To e all forest 

scenario was multiplied to a factor of 1.2. This allows for a 20 % increase in the in-
lake sedi n.  

3. The load from the all forest scenario is subtracted from the target sediment load.  This 
is the quantity of sediment that is allocated am
categories of forest and hydrography were held constant for the all forest scenario.   

4. The targ ivided by the existing sedime rmine the 
percent redu hows individual land use sedim Table 5 
shows the cumulative sediment loading and percent reduction.  

 
% Reduction = ad / Existing Load))*100  

 
The margin of safety is set at 10%.  This requires that an additional 10% of the load be 
targeted for removal to account for uncertainty in the calculation of this sediment  
reduction. This  is calculated as 10  of the difference between the 
 computed target s d the loading computed from the all-forest scenario 
(controllab

 
Target Load = the uncontrollable load + the controllable load + margin of safety 
Uncontrollable Load = 581444.0 lb/yr Controllable Load = (697732.8– 581444.0) * (1-0.1) = 
104659.9 lb/yr Margin of Safety = 10% of Controllable Load = (697732.8– 581444.0) * 0.1 
= 11628.9 lb/yr  

Uncontrollable Load results from an all-forested watershed absent of anthropogenic sources. 
Controllable Load results from anthropogenic impacts.  

p
the lake inlet and is expected to interfere with access unless control measures are implemented
 
Due to the lack of design information, the load reduction goal for sediment will be calculated 
with the same all-forest scenario used to determine the phosphorus TMDL.  
 
The sediment load reduction goal was computed by the following methods:  
 

1. To establish the controllable and non-controllable contributions of sediment to the
lake, the loading was computed based on all of the land in the lake watershed being 
forested. The all forest scenario is an estimate of natural conditions, with no influenc
from man. This scenario also represents the best possible condi

 determine the target sediment loading for the lake, the loading from th

ment loading. See Attachment E for scientific justificatio

ong the land use categories.  The 

et load for sediment is d nt load to dete
ction. Table 4 s ent reductions and 

 (1- (Target Sediment Lo

 explicit margin of safety %
ediment loading an

le load).  
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 Percent reductions for appropriate land use categories are shown in Table 4.  The EMPR
allocation method was used.   
 

Table A.7.1 - Annual Loading Values by EMPR Method 
 

 
 

TableA.7.2 – Summary of Load Reductions 

  
See Tables 5.7.1 and 5.7.2 for the breakdown of the different loads (uncontrollable, 
ontrollable, target and margin of safety).    

averages.  The annual loads encompass both storm and dry weather loads associated with the 
different seasons.  
 
 
A.8 - Reasonable Assurance of Implementation 

c
 
These calculations implicitly consider seasonal variation by expressing the loads as annual 

 
The primary pollutant source is the nonpoint source runoff from the watershed.  Agricultural 
activity is the most significant source of both nutrients and siltation.  Agricultural or watershed 

e control, artificial lake circulation, 

BMPs may include manure storage structures, manure pumps, diversions and terraces, pasture 
and row-crop field management, barnyard stabilization, barnyard filters and streambank 
fencing/stabilization.  In-lake BMPs may include alga



 

selective dredging, and sted in Table 7 below. 
 

dressing 
phasis on funding projects slated 

or implementation on waterbodies where TMDLs have been completed.  

Table A.8.1 Potential Lake and Watershed Restoration Methods 

 bottom withdrawal.  These potential practices are li
There are funding sources available to support the development of site-specific implementation
plans and remediation projects that address sources of water quality impairment.  One of the 
primary sources is the Section 319 grant program that is specifically designated for ad
non-point source pollution. Pennsylvania has placed more em
f
 

 
Table 7: Potential Lake and Watershed Restoration Methods  

(from Clean Lakes Study)  

Watershed Management  In-Lake Methods  

Manure Storage Facilities  Algae Control  

Manure Pumps  Artificial Circulation  

Milkhouse Waste Treatment  Selective Dredging  

Dry Manure Stacking Areas  Bottom Withdrawal  
Barnyard Stabilization   

Barnyard Filters   
Heavy Use Area Protection   

Streambank Fencing   

Crop Management Assoc. Membership   

Diversions/Terraces   

Pasture and Crop Field Management   

Strip Cropping   
 
 
A.9 - Public Participation 
 
The Bradford County Conservation District had primary responsibilities for the public 
education activities conducted during the Stephen Foster Lake Phase I Study.  At the onset of 
the Phase I study, the District developed an education strategy in conjunction with its project 
oversight committee.  The committee consisted of representatives from the U.S. Department of 
Agriculture, the Pennsylvania State University Extension Service, the Farm Bureau, the Grange, 
the Bradford County Planning Commission and Educators.  
 
The Stephen Foster Lake Phase I Study documented three public meetings in the watershed to 
review the project, provide updates and review results.  
 
To assist in the evaluation of management alternatives, representatives of the District contacted 
landowners in the watershed to determine applicable agricultural BMPs.  Most of the landowners 
also cooperated with the Mill Creek stream survey.  Additionally, two newsletters were 
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developed and mailed to landowners providing updates.  The District incorporated the Phase I 
udy into the curriculum of local high school.  A water quality lake brochure was also produced.  

2000 (Volume 30, 
Number 39, Page 4948) 00 and on the 
Department’s Website to foste The official 
comment period was from Sep ic meeting was 
available upon request. Notice of the final TMDL approval will also be published in the PA 
Bulletin.  See Attachment G.  
 

 draft 
d 

ream assessment, 

st
 
The Department published this TMDL in the PA Bulletin on September 23, 

, in the Towanda Daily Review on November 19, 20
r comment on the calculated allowable loads.  
tember 23, 2000 to December 6, 2000.  A publ

On February 8, 2000, Water Management program staff from the NCRO presented the
TMDL for the Stephen Foster Lake Watershed to the Bradford County Conservation District an
the DEP Growing Greener Project Advisor. The Mill Creek Watershed was recently awarded a 
Growing Greener grant f ed stor watershed improvement. The discussion includ
the TMDL process, grants and future implementation of BMPs.  
 
 
A.10 - Existing Conditions 
 
LAKE for Windows: Lake TSI Evaluation  

Anoxic Status: Regular Existing 
Phosphorus Concentration (mg/L): 
0.086 Residence Time (days): 26 
Surface Area (acres): 70.2 Mean Depth 
(meters): 3.14 Comment: Lake is 
currently Hyper-Eutrophic Expected 
TSI: 68.38 Expected Load (lb/lake 
acre/yr): 38.7  

The Lake for Windows Model was used to compute the existing in-lake P concentration and TSI. 
First, the existing TP load to the lake (2713.8 lbs/year from Table 3, pg. 5) was divided by the 
lake area to estimate the load per unit area of lake.    

2713.8 lbs P/ 70.2 acres = 38.7 lb P/lake acre/yr  
Other model inputs include residence time, lake surface area and mean depth. The existing in-
lake P concentration in the model was then adjusted until the load per unit lake area matched that 
calculated above. Once the loads were matched, the final in-lake P concentration and 
corresponding TSI calculated by the model were obtained.    
 
 
 
 
 
 
 
 

 Lake Name: Stephen Foster Lake Type: 
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Figur tion 
 

 
 
 

e A.10.1 - LAKE for Windows: Lake TSI Evalua
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A.11 - All Forest Scenario 
 
LAKE for Windows: Lake TSI Evaluation

Concentration (mg/L): 0.037 Residence Time 
(days): 26 Surface Area (acres): 70.2 Mean 
Depth (meters): 3.14  Comment: Lake would be 
Eutrophic Expected TSI: 56.22 Expected Load 

 for Windows Model was used to compute the All-Forest scenario in-lake P 
oncentration and TSI.  First, the All-Forest TP load to the lake (1162.9 lbs/year from Table 3, 

pg.

Other m s include residence time, lake surface area and mean depth. The existing in-
lake c  
calc
corresponding TSI calculated by the model.  
 
 

Figure A.11.1 - LAKE for Windows: Lake TSI Evaluation Forest Scenario 
 

  
 Lake Name: Stephen Foster Lake Type: Anoxic  

Status: Regular Existing Phosphorus 

(lb/lake acre/yr): 16.55  
The Lake
c

 5) was divided by the lake area to estimate the load per unit area of lake.    
1162.9 lbs P / 70.2 acres = 16.6 lb P/ac lake/yr  

odel input
 P oncentration in the model was then adjusted until the load per unit lake area matched that
ulated above. Once the loads were matched, the final in-lake P concentration and 
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UA.12 - TMDL Target 
 
LAKE for Windows: Lake TSI Evaluation  

 Lake Name: Stephen Foster Lake Type: Anoxic 
Status: Regular Existing Phosphorus 
Concentration (mg/L): 0.0442 Residence Time 
(days): 26 Surface Area (acres): 70.2 Mean 
Depth (meters): 3.14 Comment: Lake would be 
Eutrophic Expected TSI: 58.78 Expected Load 
(lb/ lake acre/yr): 19.88  

The TMDL Target was computed using 1.2 times the All-Forest load.  The scientific justification 
for using the multiplier of 1.2 is explained in Attachment E.  The All-Forest + 20% load was 
divided by the lake area to determine the P loading rate per lake acre.  

1395.5 lb/yr / 70.2 acres = 19.88 lb/lake acre/yr  
Other model inputs include residence time, lake surface area and mean depth. The existing in-
lake P concentration in the model was then adjusted until the load per unit lake area matched that 
calculated above. Once the loads were matched, the final in-lake P concentration and 
corresponding TSI calculated by the model.  
 
 

Figure A.12.1 - LAKE for Windows: Lake TSI Evaluation TMDL Target 
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APPENDIX B 
 

ADDITIONAL MATERIALS AVAILABLE 
 

UB.0 – Materials Available Through the Bradford County Conservation 
District 
 
The following materials and information is available through the Bradford County Conservation 
District. 
 

1. Phase I Diagnostic-Feasibility Study – Appendix A: Results of Chemical Analyses 
2. Phase I Diagnostic-Feasibility Study – Appendix B: Phytoplankton and Zooplankton 

Analyses 
3. Phase I Diagnostic-Feasibility Study – Appendix C: Sediment and Fish Tissue Analyses 
4. Phase I Diagnostic-Feasibility Study – Appendix D: Mill Creek: A Stream Survey 

(Kinchy and Orner, 1995) 
5. Phase I Diagnostic-Feasibility Study – Appendix E: Public Participation Program 

Materials 
6. Power Point Presentation February 2006, Fred Lublow, Princeton Hydro, LLC. 
7. Sugar Creek Watershed Assessment (includes Mill Creek), Volume 1 and 2 
8. Power Point Presentation – Mill Creek Watershed Project Overview, Bradford County 

Conservation District 
 
 
UB.1 – Materials Available Through the PA Dept. of Environmental Protection 
 
The following materials and information is available through the PA Dept. of Environmental 
Protection 
 

1. Phase I Clean Lakes Study by Coastal Environmental Services 
2. Carlson’s Trophic Status Index Paper 
3. Clean Lakes Regulations 40 CFR Part 31 and Part 35, Subpart H 
4. Excerpt from PADEP Guidance – “Implementation Guidance for Section 95.6 

Management of Point Source Phosphorus Discharges to Lakes, Ponds, and 
Impoundments” 

5. PADEP Methodology for Lake TMDLs 
6. Equal Marginal Percent Reduction (EMPR) Explanation 
7. Comment and Response (to TMDL) 
8. 2005 – 2006 Lake and Watershed Monitoring Data 

 


