DRAFT FINAL REPORT

Mill Creek (Otter Creek)
W ater shed Assessment

November 22, 2002

Prepared for:

PA Dept. of Environmental Protection Bucks Co. Conservation District
Bureau of Watershed Conservation 924 Town Center

P.O. Box 8555 New Britain, PA 18901-5182
Harrisburg, PA 17105-8555

Prepared by:

Aqua-Link, Inc.

P.O. Box 605
Doylestown, PA 18901
Ph: 215.230.9325




Mill Creek Watershed Assessment Draft Final Report

TABLE OF CONTENTS

Section No. Page
ACKNOW L ED GEM EN T S .ottt e e e e e e e e e e e e e e e e aeennns Viii

EXECUTIVE SUM M AR oottt e e e e e iX
L. INTRODUGCTION ..ottt e e et e e e e e e e e e e e e e e e e e e e e eanaaeens 1
1.1. PROJECT FUNDING AND ADMINISTRATION ..uttuieueenesntesnsesnseensssnsesnsesnsesnsesnsesnsesnsesnseenns 4
1.2. BACKGROUND | NFORMATION . et ttuetuetstesnsesnsssnsesnsesnsesnsssnsssnsssnsesnsesnsesnsesnsesnsesnsesnreens 4
1.3,  PAST STUDIES AND [NVESTIGATIONS ... ceeueeeueeeneeeeeeesnasesasseenseenssesnsssenseenaseesnaseennas 5
2. LAKE AND WATERSHED CHARACTERISTICS. ... 6
2.0, LAKE CHARACTERISTICS ..etuteeteeeteeesaaseeaseesnasesssee s seesnseeanaseennsaesnssessseennssennasaennseees 6
2.1.1. Lake Bathymetry and Morphological Characteristics........ccccovveeeiiieiiiieeeiienenne 6
2.1.2. LK U OB . .ottt e e e e e e e e e e e e e a s 9
2.2, WWATERSHED CHARACTERISTICS. . etutttuuteesteeenasessseesnssessessnassenssesnssessassesnssesnaseesnseees 9
2.2.1. [ 1Y/6 (0] [0 |2 URPUPRRPPI 10
WA 0] o =T o oY USRS 11
2.2.3. S0l e e a———— 11
2.2.4. AN U S .ot e e e e e e e e e e e e e e e e e e e e renns 15
2.2.5. RIiparian BUITEIS ........eeieee et 16
3. L AKE ASSE S OM EN T S . e e e e e e e e e e e e e e e e e e 19
3.1 PRIMER ON LAKE ECOLOGY AND WATERSHED DYNAMICS ...cevniieeeieeieeeieeeieeeiesenneennes 19
3.2. STUDY DESIGN AND DATA ACQUISITION ..uuuniiiertieeietieeeiesaseessstseesssnssssessnsesssnnns 22
3.2.1. Lake Water Quality Monitoring Program.............c.eeoereneeeneeesiee s 22
3.2.2. BathyMmELriC SUMVEYS......oo ettt 23
4. LAKE ASSESSMENT DATA AND RESUL TS ..o 24
41. LAKEWATER QUALITY DATA . 24
41.1. Temperature and DisSOlVed OXYQEN........coiiiriiieeee e 24
412, PH aNd ATKAITNITY.....ooiiiiieeee e 29
4.1.3. FECIHIC CONAUCLANCE. ......cueeeeiiie ettt e e 31
4.1.4.  Total SUSpPended SOlITS........cooiiieeie e 31
415, TrANSPAIENCY ....ccoiuueeieeeeieeeee et e e e e e e e s e rrse e e e e e e e e e s nssssreeeaeesasaannrsnneeeaeesaaanns 32
4.1.6. NULFTENT CONCENTIALIONS. ... eeeeeee e et e e e et e e e e e e e e e e e e e e eeneeeeeennnns 33
4.16.1. PROSPNOIUS......ceeiie et 33
4.1.6.2. AN TR0 0 = o RS 35

Prepared by Aqua-Link, Inc. ii



Mill Creek Watershed Assessment Draft Final Report

4.1.6.3. Limiting NULFTENL........eeeeiiiie et 36
4.1.7. Plankton and Chlorophyll-a............coouiiiiieiie e 37
4.1.7.1. PhYTOPIANKION ... 38
4.1.7.2. ChlorophY =@ ..o 40
4.1.8.  TrophiC Sate INAEX.......ceeiiiieeiiiie ettt 41
4.2.  SUMMARY OF LAKE WATER QUALITY DATA oottt 43
4.2.1. SHVEN LBKE....eeiee ettt ettt e e e e e e e e e e a e e e s rre e e e 43
4.2.2. MAGNOTA LAKE.......eeiieiiieeiiie ettt e sn e ennee s 45

5. WATERSHED ASSESSMENT ...ttt a e e e 438
5.1. STREAMSMONITORING PROGRAM .....uuvtiiiiiiieiiiiiiiiiseeeeseeessssssssssseessessssssssssssessssssannns 48
51.1.  Sudy Design and Data ACQUISITION........ccoiuiiriiieeiiieeeiieeeiiee e 438
512 Sream Data and RESUILS..........oeeii i 50
5.2, WATERSHED INVESTIGATION ...etiiiiiiiiuutireeeeeeeeessssssseeeesessssssssssssssesssssessssssssssessssssannns 53
6. HYDROLOGIC AND POLLUTANT BUDGETS........coi e 61
6.1.  HYDROLOGIC BUDGET ....uttiiiiiiiiiiiiiiiiiiiieteeeeesssissseeessessessssssssseeeseesessssssnnssessesseannns 61
6.1.1. MO THIDULAITES ... 62
6.1.2. DITECE DIAINAGE. ... eeeiueeeeetieeeieieeiteeeeteeeestteesstte e e ssbe e e sseeesssseeesnseeesnseeesnseeesnsenens 63
6.1.3. Precipitation and EVapOration............ccceeveieiiieiiiee e seee e 63
6.1.4. Hydrologic BUAQEL SUMIMAIIES........cciiuiiiiiiieeiiiieeriiee e eee e 64
6.1.5. Estimated Lake Hydraulic ReSidence TIMES.........cceevieiriniie e 65
6.2. POLLUTANT BUDGETS.....uttitiiiiiiiiiiiiiiiiiiie e e e e s sttt ee e e e e e s e snsaan e e e e e e e s snsssnnneeaeaeeennnns 66
6.2.1. POINE SOUIMCES. ....eeeeeiiiiie ettt et e e e et e e e e e e e e enre e e e e enaeeas 66
6.2.2. Flow from Magnolia Lake to SIver Lake..........cooeeiiiiiiiieiiieeceeeceeee 66
6.2.3. LANA USES..... ottt e et s e e e et e e e e e e e e e e e e e e e nnree s 67
6.2.4.  AIMOSPNENTC INPULS ... .eoiiiiiiiiiie e eiie ettt e e snne e e snnee e 67
6.2.5. ON-LOt SEPLIC SYSIEIMS.... it 68
B.2.6. WALEITOW ... e e e e e 68
6.2.7. Internal Release via In-Lake Sediments..........ccooeviiieee i 69
6.2.8. Pollutant BUAQEt SUMIMAITES. .......ueeeiiiieeiieeeiieie et seee e e e eeeee s 69
6.3,  PHOSPHORUS IMODELING....ccttiieeiiiiiitriteeeseeesesssisssssesessssasssssssssseeesesssssssssssssessesseannns 70
7. EVALUATION OF RESTORATION ALTERNATIVES & PRACTICES................ 73
5 T 1 I £ PP 76
50 O O V= = 1o o PRSPPI 76
7.1.2.  Sediment Dredging ......ooooeeeoieeaiiieeeiee e siie ettt e e snee e 77
7.1.3. FiShery ManagemeNt ..........coocuuie e eieee ettt saee st e s e s e ennee e 79
7.2.  WATERSHED BEST MANAGEMENT PRACTICES......uuuttitiieeeeiiiirnnreeeeeeeessssssnnneesasesesnns 79
7.2.1. Sormwater REtrOfitS........oviiiiiiiec e 79
7.2.2. Bank SabiliZation...........coccuuiii i 82

Prepared by Aqua-Link, Inc. iii



Mill Creek Watershed Assessment Draft Final Report

7.2.2.1. Lake Shoreling StabiliZation............ceveieeeeieeiiiiiiiieeieeeeeeeeeeeeeeee e e e 82
71.2.2.2. Streambank StabiliZation ..........coooveeeeiiiieeeee, 83
7.2.2.3. Establishing Riparian BUFFErS..........coooiiiiiiiieee e 84

7.2.3. Sream Channel RESEOration .........coooovveeiiiiiii i, 84
7.24.  Soil Erosion Due to Highway RUNOFT .........ooiiiiiiiiieiee e 86
7.2.5. Parkland ImprovemMENtS............oo i 86
7.2.6. Floodplain IMProVEMENES .........coiiiieiiie i 86

R T N 11 U T Y 87
7.3.1. Sormwater ManagemMENT ..........ooii it e e e e 87
7.3.2. Riparian Corridor ProteCION..........ccocuuieiiieeeiiiieestee et see e 87
7.3.3. [0 [5T07= 111 o) o TP 88
7.3.4.  Water Quality MONITOIING........eeiiiiiiiiieeeiie et 89

8. COMPREHENSIVE LAKE AND WATERSHED MANAGEMENT PLAN............. 90
8.1, IN-LAKE RESTORATION ....ccuiiiiitiiiticiti ittt 90
8.2.  WATERSHED BEST MANAGEMENT PRACTICES....uciiiiiiiiiiitiiiieeeeeeereeearine e e s s eeaaaaans 90
TG T 1 N1 I U @ - R 91
8.4, FUNDING SOURCES ....cctttuiiiiiiiiiiiiiiiiiis e e e e st eetabe s s e s s s s eesabb s s s s s s s s essabbb e e saassessabaannnns 91

9. LITERATURE CITED oottt e e e e e n e e as 93

Millcreekfinal.rptl.wpd

Prepared by Aqua-Link, Inc. iv



Mill Creek Watershed Assessment Draft Final Report

Appendices

Appendix A GIS Metefile Data and GPS Coordinate Data

Appendix B Land Use and Soils Data

Appendix C  Glossary of Lake and Watershed Management Terms

Appendix D Lake Water Quality Data— Summarized by Aqua-Link, Inc.

Appendix E  Origina Lake Water Quality Data— Reported by Laboratory

Appendix F Stream Water Quality & Discharge Data— Summarized by Aqua-Link, Inc.
Appendix G Origina Stream Water Quality Data— Reported by Laboratory

Appendix H Hydrologic Budget Information & Calculations

Appendix |  Pollutant Budget and Modeling Calculations

Appendix J  Example Riparian Corridor Protection Ordinance

Cover Page

From left to right, photographs of Mill Creek, Silver Lake, Magnolia
Lake and Lake Caroline. Photographs taken by Aqua-Link in the
Summer of 2002.

Prepared by Aqua-Link, Inc. v



Mill Creek Watershed Assessment Draft Final Report

List of Tables

Table No. Page
Table2.1 Lake MorphologiC CharaCteriStiCS. ... ....uuviiiireiiiie e 9
Table 2.2 Major Soil Typesinthe Mill Creek Watershed ...........coocveiiiieiiiienniie e, 13
Table2.3 Land Usesin the Mill Creek Watershed............oovviiieiiieeiieeiieeeese e 15
Table2.4 Land Usesfor Maor SUDWaLErSNedS..........c.eviiiiiiiiiie e 16
Table4.1 Mean pH and Alkalinity Concentrations in the Study Lakesin 1999....................... 30
Table4.2 Mean Specific Conductance Valuesin the Study Lakesin 1999............ccccevieeenen. 31
Table 4.3 Mean Total Suspended Solids Concentrations in the Study Lakesin 1999.............. 32
Table4.4 Mean Secchi Disk Valuesin the Study Lakesin 1999..........ccccooeiiiieeinieeenieeesen, 33
Table4.5 Mean Phosphorus Concentrationsin the Study Lakesin 1999...........cccoccevvieeenen. 34
Table 4.6 Mean Nitrogen Concentrations in the Study Lakesin 1999...........ccccccevvveeivieeennnen. 36
Table4.7 Mean Nitrogen to Phosphorus Ratios in the Study Lakesin 1999.............ccceeee.eee. 37
Table 4.8 Mean Chlorophyll-a Concentrations in the Study Lakesin 1999..............cccceeenee. 41
Table4.9 Mean Carlson’s Trophic State Index Values for the Study Lakesin 1999............... 42
Table5.1 Descriptions of Stream Monitoring SEatioNS..........ccveeeieeeiiiieeiiee e 438
Table5.2 Mean Nutrient and Suspended Solids Concentrations for All Stream Stations......... 51
Table 5.3 Mean Nutrient and Suspended Solids Loadings for All Stream Stations................... 52
Table 6.1 Hydrologic Characteristics of North Branch Neshaminy CreeK..........ccccceevcvveeeennnee. 62
Table 6.2 Hydrologic Characteristics of Mill Creek..........coovviiiiiiiiii e 63
Table 6.3 Hydrologic Budget for Magnolia Lake..........cccceveiiieeiiiieiiiieeiieeeee e 64
Table 6.4 Hydrologic Budget for SIIVEr Lake..........cooviiiiiiiiiiiiecieeee e 65
Table 6.5 Nutrient and Solids Loadings for Mg or Subwatersheds............ccccevveeiieeeiieeennen. 68
Table 6.6 Pollutant Budget for MagnoliaLake ..........c.cooviiiiiiiiiiiiieeee e 70
Table 6.7 Pollutant Budget for SIIVEr Lake............oooiiiiiiiieieeeeee e 70

Prepared by Aqua-Link, Inc. Vi



Mill Creek Watershed Assessment Draft Final Report

List of Figures

Figure No. Page
Figure 1.1 Mill Creek Watershed...........ooo ittt 2
Figure 1.2 Photograph of MagnoliaLake...........ccooeeiiiiiiiiiieeee e 3
Figure 1.3 Photograph Of SHIVEr LaKe..........ooiiiiiiiieeie e 3
Figure 2.1 Bathmetric Map Of SIVEN LaKe.......c.eoiiiiiiiiiieeeeeeee et 7
Figure 2.2 Bathymetric Map of MagnoliaLaKe...........ccceeriiiiiiiiiiiiieeee e 8
Figure 2.3 Topogrpahic Base Map of the Mill Creek Watershed...........ccccoevveeiiiiiiniininieeenne 12
Figure 2.4 Soilsinthe Mill Creek Watershed............oooieiiiiiiiiiiiieceeee e 14
Figure 2.5 Land Usein the Mill Creek Watershed............oooeiiiiiieiiiie e 17
Figure 2.6 Riparian Forest Buffersin the Mill Creek Watershed............ccccovveiiieniieniniennne 18
Figure 3.1 AqQuatiC FOOD ChaiN..........cocuiiiiiiiiiie e 21
Figure 4.1 Temperature Profilesin SIVEr Lake.........coovviiiiiiiiiiieeee e 26
Figure 4.2 Dissolved Oxygen Profilesin SIver Lake..........cccooiiieiiieiiiieeee e 26
Figure 4.3 Temperature Profilesin MagnoliaLake...........cooceeiiiiiiiiiiiiiiieee e 28
Figure 4.4 Dissolved Oxygen Profilesin MagnoliaLake...........cccoevieeeiiieiiiie e 28
Figure 4.5 Phytoplankton Biomassin SIVEr Lake.........ccooviiiiiiieiiiieeeeeee e 39
Figure 4.6 Phytoplankton Biomassin MagnoliaLake............ccooceieiiiiiiiiiiiiie e 39
Figure 4.7 Carlson's TSI Valuesfor SIIVEr Lake ........cooceviiiiiiiiiiieeeeeeee e 42
Figure 4.8 Carlson's TSI Valuesfor Magnolia Lake...........ccceeiieieiiiieiiieeeiiee e 43
Figure 5.1 Photographs of Stream Monitoring StatioNS..........coocveveiieeeriieeeiee e 49
Figure 5.2 Collecting Stream Velocity and Water Depth Data............oooceeeiiieeiiieeeniieecieeee 50
Figure 5.3 Locations of Watershed Problems............cooeiiiiiiiiee e 56
Figure 5.4 Photographs of Watershed Problems............ccooieiiiie i 57

Prepared by Aqua-Link, Inc. vii



Mill Creek Watershed Assessment Draft Final Report

Acknowledgements

The Mill Creek (Otter Creek) Watershed Assessment Project would not be possible without the
financial support of the U.S. Environmental Protection Agency (U.S. EPA) and the Pennsylvania
Department of Environmental Protection (PA DEP) through Section 319 (Nonpoint Source Pollution
Program) of the Clean Water Act.

Aqua-Link, Inc. and the Bucks County Conservation District would like to thank the County
Commissioners and the District Board of Directorsfor their support of the Mill Creek (Otter Creek)
Watershed Assessment Project, thereby allowing the District to serve asthe Project Sponsor. Aqua-
Link commends their strong commitment for protecting and restoring the water resources of Bucks
County.

Aqua-Link and the District would like to thank all those watershed stakehol derswho participated
inthis project. Special thanksis extended to Mr. Gary Boles of the Heritage Conservancy, Mr. John
McHale of the Friends of Silver Lake, Mr. John Burke of Middletown Township and Ms. Claudine
Fritz and Mrs. Barbara Lathrop of PA DEP.

Lastly, Aqua-Link would like to thank Mr. Frederick Groshens, District Manager, and Ms.
Gretchen Schatschneider, Watershed Specialist, of the Bucks County Conservation District for all of
their hard work and assistance through the entire duration of this project.

Prepared by Aqua-Link, Inc. viii



Mill Creek Watershed Assessment Draft Final Report

Executive Summary

Mill Creek islocated in Lower Bucks County, Pennsylvania, and is atributary to the Delaware
River. Thisreport describesthe findings of acomprehensive lake and watershed assessment that was
prepared by Aqua-Link, Inc. for the Bucks County Conservation District. Funding for this project
was provided by the U.S. Environmental Protection Agency (U.S. EPA) and the Pennsylvania
Department of Environmental Protection (PA DEP) through Section 319 (Nonpoint Source Program)
of the Clean Water Act. As part of this assessment, acomprehensive lake and watershed management
plan was developed to improve and further protect the water quality of streams and County-owned
lakes within the Mill (Otter) Creek watershed.

The comprehensive lake and watershed management plan for this project was developed using
watershed-specific data and information. Watershed data and information were compiled, analyzed
and mapped using GIS (Geographical Information System) software. Stream and |ake data were
collected and analyzed. Both hydrologic and pollutant (nutrients and sediment) budgets were
determined for the entire Mill Creek watershed. Water quality modeling was performed in order to
predict phosphorus |oading reductionsthat are needed to improve lake water quality. Watershed and
stream corridor investigations were performed to identify major sources of nonpoint pollution to the
study lakes and streams.

Based upon this assessment, Silver and Magnolia Lakes are classified as highly eutrophic or
hyper-eutrophic. Therefore, both lakes contained very high amounts of nutrients and agae
(phytoplankton), thereby resulting in very poor water clarity (transparency) throughout the entire
study period. In addition, Magnolia Lake had very low dissolved oxygen levels, which are likely
adversdly affecting aquatic lifeincluding the lake' sfishery, and Silver Lake is extremely shallow due
to heavy siltation.

High levels of nutrients and sedimentsto the lakes are attributed to stormwater runoff from urban
lands and streambank erosion and failure. The most significant nonpoint sources (NPS) of pollutionto
thelakes are Mill and Queen Anne' s Creeks. Queen Anne's Creek isamajor tributary to Mill Creek.

The comprehensive management plan offers a wide variety of in-lake restoration techniques,
watershed best management practices (BMP's) and ingtitutional practices to be implemented by
vested watershed stakehol ders. Recommended in-lake restoration techniquesinclude the installation
of an aeration system in Magnolia Lake, fish stockings in both Silver and Magnolia Lakes and
sediment dredging for Silver Lake. Recommended watershed best management practices (BMP' s)
include stormwater retrofits, lake shoreline stabilization, streambank stabilization, stream channel
reconstruction, establishing riparian buffers, parkland improvements at Magnolia L ake and floodplain
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improvement projects along Black Ditch and Mill Creek. It was suggested that many of the
recommended watershed BMP's first should be implemented in those priority subwatersheds that
were determined as part of this assessment. Recommended institutional practicesinclude stormwater
management through stricter ordinances, riparian corridor protection, environmental education and
baseline water quality monitoring of lakes and streams.
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1. Introduction

Over theyears, thewater quality of Mill Creek (sometimesreferred to as Otter Creek as describe
below), itstributaries and three County-owned lakes has been severely degraded as a consequence of
high loadings of nonpoint source (NPS) pollution. NPS pollution is primarily attributed to runoff from
both urban and commercia land uses and previous land devel opment activities. The above streams
and lakes are considered extremely valuable natural resourcesfor the residents of Bucks County and
other surrounding counties.

The Mill Creek (Otter Creek) watershed is shown in Figure 1.1. Unfortunately, there is some
confusion about the actually name of this watershed. The main tributary for this watershed is Mill
Creek. The headwaters of Mill Creek begin in the northwestern portion of the watershed near
Woodbourne and this stream generally flows southerly into Magnolia Lake (Figure 1.2). From
MagnoliaL ake, Mill Creek travelsavery short distance and dischargesinto Silver Lake (Figure 1.3).
Thetotal distance of Mill Creek from its headwatersto Silver Lakeis approximately 9 miles. From
the lake' s dam, the stream, now known as Otter Creek, flows only about 1mile into the Delaware
River. Most local residents and state and county agency personnel refer to thiswatershed asthe Mill
Creek watershed. In light of the above, this watershed is referenced as the Mill Creek watershed
throughout the remainder of this report.

Mill Creek islocated in Lower Bucks County, Pennsylvania, and is atributary to the Delaware
River (Figure 1.1). This report describes the findings of a comprehensive lake and watershed
assessment that was performed by Aqua-Link, Inc. for the Bucks County Conservation District. As
part of thisreport, acomprehensive lake and watershed management plan was developed to improve
and further protect the water quality of streams and County-owned lakes within the Mill Creek
watershed.

The comprehensive lake and watershed management plan for this project was developed using
watershed-specific data and information. Watershed data and information were compiled, analyzed
and mapped using GIS (Geographical Information System) software. Stream and |ake data were
collected and analyzed. Hydrologic and pollutant (nutrients and sediment) budgets were determined
for the entire Mill Creek watershed. Water quality modeling was performed in order to predict
phosphorus loading reductions that are needed to improve lake water quality. Watershed and stream
corridor investigations were performed to identify major sources of NPS pollution to the study lakes
and streams.

Thefinal product of the Mill Creek watershed assessment is this detailed report, which assesses
the water quality of magjor streams and reservoirs throughout the watershed, identifies mgor NPS
pollution to these waters and prioritizes the major subwatersheds on a NPS loading basis. Based

Prepared by Aqua-Link, Inc. 1
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Figure 1.1 Mill Creek Watershed
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Figure1.2 Photograph of Magnolia Lake

Figure1.3 Photograph of Silver Lake
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upon the above, the final report contains a comprehensive lake and watershed management plan to
reduce NPS pollution to streams and County-owned lakes and ultimately the Delaware River.

As part of this project, the District purchased a complete set of lake and stream monitoring
equipment plus a NPS pollution watershed model. This equipment, the model and a lake and
watershed curriculum, as developed by Aqua-Link, were turned over to Silver Lake Nature Center
for integration into its existing environmental education program. Currently, volunteers of the Friends
of Silver Lake organization are utilizing the above equipment to continue the stream monitoring
program.

1.1. Project Funding and Administration

In May 1999, the Bucks County Conservation District (BCCD) applied for federal funding
through the U.S. Environmental Protection Agency’s (EPA) Section 319 (Nonpoint Source) Program
to develop acomprehensive lake and watershed management plan for the Mill Creek watershed. The
project was approved for funding by the Pennsylvania Department of Environmental Protection (PA
DEP) in October 1999. The District served asthe Project Sponsor, which in turn selected Aqua-Link,
Inc. of Doylestown, Pennsylvania, to perform the watershed assessment.

1.2. Background Information

Mill Creek and its tributaries are entirely located within the lower portion of Bucks County,
Pennsylvania(Figure 1.1). Mill Creek isclassified asaWarm Water Fishery (WWF) under PA DEP's
Chapter 93 Water Quality Standards. Thelower Delaware River islisted onthe PA DEP's303(d) List
of Impaired Waters.

The Mill Creek watershed is classified asaHigh Priority/Category | Watershed under PA DEP's
Unified Watershed Assessment (HUC Code Number 02040201). In addition, Mill Creek lieswithin
Subwatershed Area 2E, which is considered a degraded watershed under PA DEP's State Water Plan.
TheMill Creek watershed consists of large tracts of urban, commercial and industrial lands, which are
primarily intermixed with residential land uses.

The Mill Creek watershed contains three lakes (actually reservoirs), which are Silver Lake,
Magnolia Lake and Lake Caroline. The three lakes are County-owned and maintained by the Bucks
County Department of Parks and Recreation. These lakes serve as focal points for three different
County-owned parks. The parks provide visitors with a wide-variety of outdoor recreational
activities such as, fishing, nature walks and wildlife watching. In addition, the Silver Lake Nature
Center, which is aso part of the county park system, offers a variety of environmental education
programs to the public for all ages. Lastly, many of the tributaries throughout the Mill

Prepared by Aqua-Link, Inc. 4
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Creek watershed are an integral part of riparian parks owned and maintained by several different
townships and the County.

Over the years, nonpoint source (NPS) pollution, namely sediments and nutrients, has degraded
the water quality and aquatic habitats of both streams and |akes throughout the Mill Creek watershed.
Thisfact has been recognized by the Pennsylvania Fish and Boat Commission (PA FBC), whichinthe
recent past had only stocked Magnolia Lake with channel catfish. In general, channel catfish are
considered a tolerant fish species with respect to pollution (i.e., lake eutrophication).

Due to heavy siltation, the Bucks County Department of Parks and Recreation (BCDPR) have
dredged Silver Lake and Lake Caroline. In 1985, two-thirds of Silver Lake was dredged, while the
remaining one-third was later dredged in 1994. The total cost of dredging Silver Lake to a water
depth of 5 feet exceeded $600,000. Prior to the onset of dredging, Silver Lake only had an average
water depth of 1Y% feet. In 1995, atotal of 29,000 cubic yards of sediment was dredged from Lake
Caroline. The total cost of the Lake Caroline dredging project was nearly $750,000 (persona
communication with Mr. James Burke, BCDPR, June 2000).

1.3. Past Studies and Investigations

Several other studies have recently been completed for the Mill Creek Watershed. As previously
stated, the Mill Creek watershed is sometimes referred to as the “ Otter Creek watershed”. These
studies are briefly described below:

Otter Creek Watershed Stormwater Management and Flood Control Study
was performed by Pickering, Corts & Summerson, Inc. (PC& S, 2000) for the
Bucks County Planning Commission. This study was funded in response to
severe flooding that has occurred along Mill Creek and Queen Anne Creek,
which is atributary to Mill Creek. Hydrologic and hydraulic modeling was
performed using computer software packages (HEC-1 and HydroCAD). The
final report provided recommendationsto alleviate or minimize the impacts of
flooding using both constructed and institutional approaches.

Otter Creek Watershed Restoration & Protection Plan was prepared by
Borton Lawson Engineering (BLE 2002) for the Bucks County Planning
Commission. This project was funded through PA DEP s Growing Greener
Grant Program. The plan summarizes existing characteristics of the Otter
(Mill) Creek watershed and provides both structural and non-structural
measures to primarily reduce flooding and to alesser degree, improve water
quality.

Prepared by Aqua-Link, Inc. S
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2. Lake and Watershed Characteristics

This section primarily discussesthe physical characteristics of Silver and MagnoliaLakesand their
surrounding watershed. Theinformation provided below isfrequently cited throughout the remainder
of this report. Lake Caroline was not directly studied as part of this project due to funding
constraints. Where appropriate, some limited information about this lake is provided below.

2.1. Lake Characteristics

Silver Lake and Lake Caroline are classified as reservoirs with dams constructed across Mill
Creek and Queen Anne’s Creek, respectively (Figure 1.1). Both lakes are considered elongated and
narrow. Conversely, Magnolia Lake actually is classified a as reservoir, but does not contain adam
structure. Inthe 1970’s, the site of this present lake was originally used as a soil borrow site for the
construction of the nearby Pennsylvania Turnpike. Although uncertain, it appears that Mill Creek
flowed just east of the lake and was separated by alevee. Shortly thereafter, the stream eventually
breached the levee adong the northeastern end of Magnolia Lake. Magnolia Lake is generally
rectangular in geometry and contains a centrally located island.

In this report, the terms lake and reservoir are used interchangeable without any references to
their actual origin or whether awater body contains a dam structure.

2.1.1. Lake Bathymetry and Morphological Characteristics

Bathymetric surveysfor Silver and Magnolia L akes were performed on June 2, 2000. The surveys
were conducted along established transects using a fathometer (Eagle Fish ID 128 sonar unit) to
acquire water depth data and a GPS unit (Trimble Model Pro XR) to provide the locationswhere all
water depth data were collected. Raw field data were analyzed using ESRI ArcView software
(version 3.2a) with 3-D Analyst in order to determine lake water volumes, surface areas, mean water
depths and maximum water depths. ArcView software also was used to generate bathymetric maps
for the both study lakes. Aqua-Link determined the surface area of Lake Caroline using Maptech
Terrain Navigator software (version 5.03).

The bathymetric maps of Silver and Magnolia Lakes are presented as Figures 2.1 and 2.2,
respectively. The morphologic characteristics of the Silver and MagnolialL akesare presented in Table
2.1. In this table, only the surface area of Lake Caroline is presented. It is anticipated that the
maximum water depth of thislakeisapproximately 5 feet in depth (personal communication with Mr.
James Burke, Bucks Co. Dept. of Parks and Recreation, May 2000).
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Figure2.1 Bathmetric Map of Silver Lake
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Figure2.2 Bathymetric Map of Magnolia L ake
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Table2.1 LakeMorphologic Characteristics

Parameter Silver Lake Magnolia Lake | Lake Caroline*

24.6 ac 26.0 ac 7.7&C

Lake Surface Area (A,) (10.0 ha) (105 ha) (3.1 ha)

L ake Volume 2.90 x 10°ft° 823x10°f |

evo (8.21 x 10°m) (2.33x 10°m)

2.7 ft 7.2t

Mean Water Depth (Zmean) (0.8m) e2m | T
5.6 ft 15.9 ft

Max. Water Depth (Zma) (1.7m) @smy | T

* Limited data since this lake was not directly studied as part of this project

As shown, Silver and Magnolia Lakes are quite similar in surface area, while Lake Carolineis
much small at 7.7 acres (3.1 hectares). Conversely, MagnolialL akeis considerably much deeper and
therefore contains about 2.8 times more water than Silver Lake.

2.1.2. Lake Uses

Silver and MagnoliaLakes and Lake Caroline serve asthefocal pointsfor three different County-
owned parks. All threelakes are used for aesthetics and to alesser degree for fishing. Many people
are often seen walking, walking their dogs, riding bicycles and jogging around Silver Lake and Lake
Caroline. Thisisencouraged since both of these parks have improved trail systems around the |akes.
Most of the recreational fishing generally is observed at Magnolia Lake and, to a lesser extent, at
Silver Lake. Both boating and swimming are prohibited at all three lakes.

In addition, Magnolia Lake is used by motorized model boating enthusiasts. Aqua-Link has
observed on severa occasions persons on the shoreline maneuvering their model boats via remote
control through an established course that was setup at the lake.

2.2. Watershed Characteristics

Specific data (hydrology, aerial photographs, topography, roadways, soils and land use) for the
Mill Creek watershed were obtained from avariety of sources. These data were then analyzed using
ArcView GIS (geographical information system) software (version 3.2a) and Spatial Analyst. For
moreinformation about all GI S data sets, refer to the metafile data filesincluded as part of thisreport
in Appendix A.
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The Mill Creek watershed is approximately 19.7 square miles (12,583 acres) based upon the PA
DEP Small Watersheds data file (Appendix A and Figure 2.3). The watershed encompasses eight
different municipalities, which are Bristol Borough, Bristol Township, Falls Township, Langhorne
Borough, Langhorne Manor Borough, Lower Makefield Township, Middletown Township and
Penndel Borough asshownin Figure 1.1. Of these eight, three municipalities comprise 93 percent of
the total watershed (Borton Lawson Engineering 2002): Bristol Township (40.6 percent),
Middletown Township (38.4 percent), Falls Township (14.0 percent).

For the purposes of this assessment, the Mill (Otter) Creek watershed was subdivided into six
major subwatersheds: Mill Creek Inlet (MCI), Queen Anne's Creek (QAC), Black Ditch (BD),
MagnoliaLake (ML), Silver Lake (SL) and Delaware River (DR) as shown in Figure 2.3. The SL,
ML and DR subwatersheds are not drained by any major streams and therefore are classified asdirect
drainage areas. These subwatersheds are referenced throughout the remainder of this report. In
addition, the locations of the six stream and two lake monitoring stations are shown in Figure 2.3.
Lake and stream data are presented in Sections 3 through 5 of this report.

2.2.1. Hydrology

Mill Creek isthe main tributary within the Mill Creek watershed. The headwaters of Mill Creek
begin in the northwestern portion of the watershed near Woodbourne and this stream generally flows
southerly into Magnolia Lake (Figure 2.3). From Magnolia Lake, Mill Creek travels a very short
distance and discharges into Silver Lake. The total distance of Mill Creek from its headwaters to
Silver Lake is approximately 9 miles. From the lake’' s dam, the stream, now known as Otter Creek,
flows only about 1mile into the Delaware River.

The Mill Creek has two magjor tributaries. Queen Anne's Creek and Black Ditch (Figure 2.3).
The headwaters of Queen Anne' s Creek are comprised of three different tributaries. These headwater
streams are responsible for draining the northeast and north central portions of the watershed. Two of
these tributaries begin in vicinity of Fairless Hills and eventually flow southwesterly into Lake
Caroline. Thedischarge from Lake Caroline flows under Oxford Valley Road and isjoined by itsthird
tributary, which beginsin Elmwood Terrace. At this point, the stream is now known as Queen Anne's
Creek and flows into Mill Creek just south of the intersection of Newportville and Oxford Valey
Roads. The headwaters of Black Ditch arelocated in Holly Hill. Black Ditch flowsin asouthwesterly
direction through Levittown and eventually dischargesinto Mill Creek just north of Magnolia Lake.

Asshownin Figure 2.3, Mill Creek at the point where it emptiesinto Magnolia L ake consists of
the Mill Creek Inlet, Queen Anne's Creek and Black Ditch subwatersheds. These three
subwatersheds are discussed in detail in Section 6.0.
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2.2.2. Topography

The topographic relief is described as fairly flat in the southern portion of the watershed and
gently sloping in the central and northern portions. Elevationsrange from O feet at Mean Sea L evel
(MSL) near the confluence of Otter Creek and the Delaware River to 200" feet in the northwestern
section of the watershed (Figure 2.3).

2.2.3. Soils

A total of 49 different soil types are located throughout the Mill Creek watershed. Of thistotal,
seventeen different soils types representing 87.5 of all soils are shown in Figure 2.4 (Appendix B).
The most prevalent soils types are the Urban Land-Matapeake Complex (0 to 8 percent slopes),
Urban Land (O to 8 percent slopes) and Urban Land-Chester Complex (0 to 8 percent slopes) as
noted in Table 2.2. These three soil types comprise 60 percent of all watershed soil types and are
discussed below.

Urban land is highly built-up areas in Bucks County. Most urban land is on terraces of the
uplands and the coastal plain, however, someison theflood plain. The soilsand foundation materids
are highly variable. Urban structures and works cover so much of thisland that identification of the
soilsisnot practical. Most areas have been smoothed and the original soil material has been disturbed,
filled over or otherwise destroyed prior to construction. Urban land is used for homes, shopping
centers, schools, factories, roads, cemeteries, golf courses, railroads and other industria facilities. The
southern part of Bucks County has the highest concentration of urban land (U.S. Department of
Agriculture, SCS 1975).

Urban Land-Matapeake Complex, 0 to 8 percent slopes, is composed of about 65 percent urban
land, 25 percent Matapeake soil and similar inclusions and 10 percent contrasting inclusions. Urban
Land island covered by streets, parking lots, buildings and other structures that obscure the soils.
Matapeake soils are yellowish brown silt loams underlain by gravelly loamy to coarse sands that are
dark yellowish brown. Urban Land hasrapid runoff rates dueto highly impermeable surfacesand low
levels of erosion. Matapeake soils are well drained with a seasonal high water table greater than 72
inches. Runoff from these soilsis moderate and the potential for erosionis moderate. Inthose areas
where slopes exceed 4 percent, the erosion potential is considered high (USDA 1996).

Urban Land-Chester Complex, 0 to 8 percent dopes, iscomposed of about 65 percent urban land,
25 percent Chester soil and similar inclusions and 10 percent contrasting inclusions. Urban Land is
land covered by streets, parking lots, buildings and other structures that obscure the soils. Chester
soils are brown to strong brown silt loams underlain by yellowish red silty clays and loams
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Figure 2.3 Topogrpahic Base Map of the Mill Creek Watershed
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Table2.2 Major Soil Typesin the Mill Creek Water shed

Soil Type Symboal Per cent

Urban land-matapeake complex, 0 to 8 percent slopes Utb 30.5
||Urban land, O to 8 percent slopes Ufub 14.6
||Urban land-chester complex, 0 to 8 percent slopes Ukb 14.6
"Hatboro silt loam Ha 5.7
lothello silt loam Ot 2.9
||Udorthents, sandy Ucb 2.6
||Chester silt loam, 3 to 8 percent slopes Cdb 2.4
Doylestown silt loam, 0 to 3 percent slopes Dda 21
Alton gravelly loam, O to 3 percent slopes Ala 2.0
Lawrenceville silt loam, 0 to 3 percent slopes Lka 15
||De|aware loam, O to 3 percent slopes Daa 14
||GIenviIIesiIt loam, 3 to 8 percent slopes Grb 14
||Urban land-doylestown complex, 0 to 8 percent slopes Umb 13
||Urban land-udorthents, sandy complex, 0 to 8 percent slopes Uzbb 12
||Udorthents, schist and gneiss Ufb 11
||Duncannon silt loam, O to 3 percent slopes Dua 1.0
||Udorthents, loamy Ub 1.0
Others (remaining 32 soil types) | === 125
Total | e 100.0

followed by reddish brown micaceous silt loam and loam. Urban Land has rapid runoff rates dueto
highly impermeable surfacesand low levels of erosion. Chester soilsare well drained with a seasonal
high water table greater than 72 inches. Runoff from these soils is medium and the potential for

erosion is dight (USDA 1996).

In addition, Hatboro Silt Loam isthe dominant soil type aong intermittent and perennial streams
throughout the watershed. It is composed of about 80 percent Hatboro soils and similar inclusions
and 20 percent contrasting inclusions. Hatboro Silt Loam consists of dark grayish brown silt [oam
underlain by light brownish fray friable sandy clay loams and stratified friable sandy, clayey and
gravelly sediments. The seasonal high water table is 0 to 10 inches. Runoff from these soilsis slow
and the potentia for erosion is dight (USDA 1996).

Prepared by Aqua-Link, Inc.

13



Mill Creek Watershed Assessment Draft Final Report

Figure2.4 Soilsin the Mill Creek Water shed
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2.2.4. Land Use

The Mill Creek watershed is highly urbanized asillustrated in Figure 2.5. Most of the commercial
and industrial land uses occur in the northern and southern portions of the watershed in close
proximity to the Route 1 Business and Route 13 corridors, respectively.

Urban land uses (low and high intensity residential plus commercial/industrial/transportation)
account for nearly 67 percent of all land usesin thewatershed (Table 2.3). Deciduousforested lands,
which are second highest in acreage, only account for 16.9 percent of thetotal land use. Agricultural
lands are very limited with only 6.5 and 0.7 percent occurring as hay/pasture and row crops,
respectively.

Table2.3 Land Usesin the Mill Creek Water shed

Land Use Area (acres) Per cent
Low Intensity Residentia 5,637.2 44,0
Deciduous Forest 2,126.6 16.9
Commercia/lndustrial/Transportation 2,075.0 16.5
Pasture/Hay 811.7 6.5
High Intensity Residential 773.0 6.1
Woody Wetlands 377.0 3.0
Mixed Forest 267.7 21
Transitional 231.6 18
Open Water 145.7 12
Evergreen Forest 93.1 0.7
Emergent Herbaceous Wetlands 89.5 0.7
Row Crops 50.8 0.4
Urban/Recreational Grasses 4.4 >0.0
Total 12,583.1 100.0

Land use data for each of the six major subwatersheds (Figure 2.3) are presented in Table 2.4.
The maor subwatersheds of the Mill (Otter) Creek watershed are Mill Creek Inlet (MCI), Queen
Anne' sCreek (QAC), Black Ditch (BD), MagnoliaLake (ML), Silver Lake (SL) and Delaware River
(DR). The subwatersheds ML, SL and DR are considered direct drainage to Magnolia Lake, Silver
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Lake and the Delaware River, respectively. Theterm direct drainage implies at these subwatersheds
do not contain any major tributaries; therefore runoff during storm eventsis conveyed primarily via

overland flow.

Table2.4 Land Usesfor Major Subwater sheds

Land Use per Subwater shed (ac)

Land Cover Type M L S'— PR

MCI QAC BD Direct Direct Direct

Commercial/Industrial/Transportation 789.5 746.9 110.9 49.6 182.5 195.6
[Deciduous Forest 9714 | 860.8 | 1309 | 400 | 1004 13.9
||Emergent Herbaceous Wetlands 30.1 17.6 3.0 2.4 25.3 11.0
||Evergreen Forest 52.1 31.6 1.6 15 5.3 0.9
[High Intensity Residential 2716 | 2984 | 202.4 0.6 0.0 0.0
lLow Intensity Residential 23357 | 1,639.6 | 1,133.1 | 107.1 | 249.2 72.6
IMixed Forest 140.1 | 82.6 195 3.4 20.8 13
lopen water 18.1 52.5 11 28.1 40.3 55
lPasture/Hay 355.4 | 2880 | 1003 | 183 31.8 18.0
Row Crops 33.8 14.8 2.2 0.0 0.0 0.0
Transitional 78.8 138.2 2.0 1.3 5.0 6.2
Urban/Recreational Grasses 1.9 2.4 0.0 0.0 0.0 0.0
\Woody Wetlands 106.4 59.2 79.1 15.2 117.1 0.0

Total 5,184.9 | 4,232.7 | 1,786.1 267.4 786.9 325.1

2.2.5. Riparian Buffers

The lack of adequate riparian, forested buffersin the Mill Creek watershed are shown in Figure
2.6. Inthisfigure, yellow and red linesindicate one or both sides lacking sufficient forested buffers,
respectively. Insufficient buffers, as defined by the Heritage Conservancy, arethoseriparian areasthat
lack trees within 50 feet from the top of the stream banks or have tree canopy cover less than 50

percent.

Prepared by Aqua-Link, Inc.
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Figure2.5 Land Usein the Mill Creek Water shed
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Figure 2.6 Riparian Forest Buffersin the Mill Creek Water shed
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3. Lake Assessments

3.1. Primer on Lake Ecology and Watershed Dynamics

A glossary of lake and watershed terms is provided in Appendix C (U.S. EPA 1980). This
glossary isintended to serve asan aid to understanding this section and contains many of the technical
terms used throughout the remainder of this report.

Thewater quality of alakeis often described as a “reflection” of its surrounding watershed. The
term “lake” collectively refersto both reservoirs (man-made impoundments) and natural lake systems.
Water from the surrounding watershed enters alake as streamflow, surface runoff and groundwater.
The water quality of these water sourcesis greatly influenced by the characteristics of the watershed
such as, geology, soils, topography and land use. Of these characteristics, changesin land use (e.g.,
forested, agriculture, silviculture, residential, commercial, industrial) can significantly ater the water
quality of lakes.

Nutrients (e.g., phosphorus, nitrogen, carbon, silicon, calcium, potassium, magnesium, sulfur,
sodium, chloride, iron) are primarily transported to lakes via streamflow, surface runoff and
groundwater, while sediments are mainly conveyed by streamflow and surface runoff. As streamflow
and surface runoff enter alake, their overall velocity decreases, which allow transported sedimentsto
settle to the lake bottom. Many of these incoming nutrients may be bound to sediment particles and
subsequently will also settle to the lake bottom. Very small sediment particles such as, clays, may
resist sedimentation and subsequently pass through the lake without settling.

Oncewithinthelake, water quality isfurther modified through acomplex set of physical, chemical
and biological processes. These processes are significantly affected by the lake’'s morphological
characteristics (morphology). Some of the more important morphological characteristics of lakesare
surface area, shape, depth, volume and bottom composition. In addition, the hydraulic residencetime
(i.e., thelake's flushing rate) also gresatly affects these processes and is directly related to the lake's
volume and the annual volume of water flowing into the lake.

With respect to nutrients, phosphorus and nitrogen are generally considered the most important
nutrients in freshwater lakes. Phosphorus and, to a lesser degree, nitrogen typically determine the
overal amount of aguatic plants present. Aquatic plants adsorb and convert available nutrientsinto
energy, which isthen used for additional growth and reproduction. In lakes, aguatic plantsare mainly
comprised of phytoplankton (free-floating microscopic plants or algae) and macrophytes (higher
vascular plants). The most readily available form of phosphorus is dissolved orthophosphate
(analytical determined as dissolved reactive phosphorus), while ammonia (NH3-N) and nitrate (NOs-
N) are the most readily available forms of nitrogen.
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Thetransfer and flow of energy inlakesisultimately controlled by complex interactions between
various groups of aguatic organisms (both plants and animals). A smplistic diagram of these
interactions among aguatic organisms is shown as Figure 3.1. In Figure 3.1, algae (phytoplankton)
and aguatic macrophytes (plants) capture energy from the sun and convert this energy into chemical
energy through the process known as photosynthesis. During photosynthesis, carbon dioxide,
nutrients, water and captured sunlight energy are used to produce organic compounds (chemical
energy), which are then used to support further growth and reproduction.

Energy continues to flow upward through the food chain. Algae are primarily grazed upon by
zooplankton. Zooplankton are tiny aquatic animals that are barely visible to the naked eye. Next,
zooplankton serve as prey for planktivorous (plankton-eating) fish and larger invertebrates
(macroinvertebrates). In turn, plankitvores are consumed by piscivorous (fish-eating) fish. Overall,
these aguatic organisms (zooplankton, macroinvertebrates and fish) derive energy by breaking down
organic matter through the process known as respiration. During respiration, organic matter, water
and dissolved oxygen are converted into carbon dioxide and nutrients.

At the bottom of the food chain (Figure 3.1), particulate organic waste products (excrement) from
aguatic organisms along with dead aquatic organisms settle to the lake bottom and are subsequently
feed upon by other organisms. Organismsthat live or reside along the lake bottom are referred to as
benthivores. After settling to the lake bottom, dead organic materials and organic waste products are
now called detritus. Some benthivorous fish (catfish and carp) and microorganisms (bacteria, fungi
and protozoans) feed upon detritus. Aquatic organismsthat feed upon detritusin lakes are referred
to as decomposers. Decomposers obtain energy by breaking down detritus (dead organic matter) via
the process of respiration. During decomposition, some of the nutrients are recycled back into lake
water and can now once again be used by algae and aguatic plantsfor growth and reproduction. Any
unused detrituswill accumulate and eventually become part of the lake sediments, thereby increasing
the organic content of these sediments.

Ultimately, the amount of nutrients in lakes controls the overall degree of aquatic productivity
(Figure 3.1). Lakeswith low levels of nutrientsand low levels of aquatic productivity are referred to
as“oligotrophic”. Oligotrophic lakes aretypicaly clear and degp with low quantities of phytoplankton
and rooted aguatic plants. In these lakes, the deeper, colder waters are generally well-oxygenated and
capable of supporting coldwater fish such as trout. Conversely, lakes with high nutrient levels and
high levels of aquatic productivity are referred to as eutrophic. Eutrophic lakes are generally more
turbid and shallower due to the deposition of sediments and the accumulation of detritus. If deep
enough, the bottom waters of eutrophic lakes are generaly less oxygenated or may be devoid of
dissolved oxygen (anoxic). Eutrophic lakes are often capable of supporting warmwater fish such as
bluegill and bass. Mesotrophic lakes lie somewhere in between oligotrophic and eutrophic lakes.
These lakes contain moderate levels of nutrients and moderate levels of aguatic productivity. Insome
instances, the flow of energy through the food web may be disrupted. In
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Zooplankton plus others:
macroinvertebrates (clams,
snails & aquatic insects) &
grazing minnows

Phytoplankton (def) :
microscopic free-floating

algae

[ Nutrients ]

Plus, microorganisms like
bacteria, fungi & protozoans

Figure 3.1 Aquatic Food Chain

hyper-eutrophic (highly eutrophic) lakes, aquatic productivity isextremely high and is dominated by
very large numbers of a few, undesirable species. The phytoplankton community is typically
comprised largely by blue-green algae during the summer months. Many species of blue-green algae
are not readily grazed upon the zooplankton community. Under these conditions, the blue-green
algae community is alowed to flourish due to the lack of predation, while the zooplankton
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community collapses. Decreases in zooplankton biomass in alake may in turn adversely affect the
lake' sfishery. In addition, shallow lake areas may be completely infested with dense stands of aquatic
macrophytes and dominated by common carp, catfish or other rough fish.

3.2. Study Design and Data Acquisition

The assessments of Silver and Magnolia Lakes consisted of the following major tasks:. |ake water
quality monitoring and performing bathymetric surveys. The study design and how datawere acquired
for each of these tasks are described below.

For additional information, the approved Quality Assurance— Quality Control Plan for the Mill
Creek Watershed Assessment Project dated May 28, 1999 (AquaLink, Inc. 1999) should be
consulted. Thisdocument provides athorough discussion of the study design aong with therationale
behind the study design. In addition, this document provides specific information regarding the
protocols used to collect field data and the analytical methods used by the contract |aboratory.

3.2.1. Lake Water Quality Monitoring Program

The lake water quality monitoring stations for this assessment were established at their deepest
locations. The location of the lake monitoring stations, Stations SL1 and ML1 for Silver and
Magnolia Lakes, respectively, are shown in Figure 2.3.

Lake Stations SL1 and ML1 were monitored once a month during the months of June, July,
August and October 1999. All lake water quality samples were collected by boat, which is equipped
with an outboard motor. On each study date, water samplesfor |aboratory analysiswere collected at a
single depth of 1.0 meter below the lake' s surface asrecorded as SL1-Sfor Silver Lakeand ML1-S
for MagnoliaLake. All water samples were collected using a Kemmerer vertical sampler unit. Lake
water collected in the vertical sampler was transferred directly into bottles supplied by the contract
laboratory and preserved in thefield accordingly. The contract laboratory, QC, Inc. of Southampton,
Pennsylvania, andyzed al collected lake water samples for alkalinity, total phosphorus, dissolved
reactive phosphorus (often referred to as soluble reactive phosphorus or orthophosphorus), total
Kjeldahl nitrogen (TKN), ammonia, nitrate plus nitrite and total suspended solids. All samples for
dissolved reactive phosphorus analysis were filtered in the field using a Nalgene filtration unit with
0.45 micron, 47 mm diameter filter paper.

The approved QA/QC plan was modified dightly to include limited deep water monitoring in
Magnolia Lake. During the 1999 study period, the lake was thermally stratified, thereby indicating
the potential release of phosphorus from anoxic in-1ake sediments. To assess this phenomenon, water
sampleswere collected 1.0 meter from the lake bottom at Station ML 1 (recorded asML 1-B) oncea
month during the months of July, August and October 1999. Deep water samples (referred to as
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bottom samples) were analyzed for dissolved reactive phosphorus, total phosphorus and total
suspended solids by the contract |aboratory.

In addition, dissolved oxygen, temperature, pH, conductivity, specific conductance and
transparency were monitored in the field on each study date. Dissolved oxygen, temperature,
conductivity and specific conductance were measured in the field a 0.5 to 1.0 meter intervals
throughout the water column using aY Sl 600XL Sondewith a610D datalogger. Transparency was
measured in the field using a 20 cm (8 inch diameter) freshwater Secchi disk, which was quartered
black and white.

Lastly, lake samplesfor chlorophyll-aanalysis and phytoplankton identification and enumeration
also were collected on each study date. At Stations SL1 and ML 1, three discrete water sampleswere
collected throughout the photic zone of the lakes. The photic zone in this study was defined as a
depth of twice the Secchi disk depth. Discrete samples were collected using the Kemmerer vertica
water sampler unit at the upper, mid-point and lower end of the photic zone and then composited
together for phytoplankton analysis. In addition, discrete water samples were collected at 1.0 meter
below the surface of the lakes for the analysis of chlorophyll-a. Chlorophyll-a and phyotoplankton
analyseswere performed by QC, Inc. (Southampton, PA) and Dr. Kenneth Wagner (Northborough,
Massachusetts), respectively.

3.2.2. Bathymetric Surveys

Bathymetric surveysfor Silver and Magnolia L akeswere performed on June 2, 2000. The surveys
were conducted along established transects using afathometer (Eagle Fish ID 128 sonar unit) and a
GPS unit (Trimble Model Pro XR). The bathymetric surveyswere previously discussed at length in
Section 2.1.1 of this report.
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4. Lake Assessment Data and Results

The water quality data for Silver and Magnolia Lakes are presented and fully discussed in the
following paragraphs. Asnoted in Section 3.2, Silver Lake isashallow lake system, while Magnolia
Lakeis classified as moderately deep. One monitoring station was established at each of the study
lakesand designated as SL 1 and ML 1 for Silver and Magnolia L akes, respectively. Whereindicated,
water quality data are sometimes presented for different monitoring depths. Surface waters refer to
sampling depth of 1.0 meter below the lake’ s surface (SL1-Sand ML 1-S) and bottom watersrefer to
asampling depth of 1.0 meter above the lake' s sediments (ML 1-B).

For acomplete listing of al data acquired and analyzed as part of this |ake assessment, refer to
Appendices D and E of thisreport. Refer to Section 3.2 for more information about the study design
and data acquisition.

4.1. Lake Water Quality Data

4.1.1. Temperature and Dissolved Oxygen

In late spring or the beginning of summer, many moderately deep to deep temperate lakes develop
stratified layers of water. Under stratified conditions, warmer and colder waters are near the lake's
surface (epilimnion) and the lake's bottom (hypolimnion), respectively. Asthe temperature differences
become greater between these two water layers, the resistance to mixing increases. During lake
stratification, the epilimnion is usually oxygen-rich due to photosynthesis and direct inputs from the
atmosphere, while the hypolimnion may become depleted of oxygen dueto the respiration of aquatic
organisms. As previoudy discussed, aguatic organisms (e.g., bacteria, fungi, protozoans,
zooplankton, macroinvertebrates, fish) consume dissolved oxygen in order to metabolize prey or
detritus (U.S. EPA 1980, U.S. EPA 1990 and U.S. EPA 1993).

Conversdly, shallow temperate lakes may only become weakly stratified during the summer
months or some lakes may never dtratify at all. The overall degree and duration of stratification in
weakly stratified lakes are largely dependent upon local wind conditions and the morphological
characteristics of thelakeitself. During windy days, surface wave action may be sufficient to partially
or completely destratify (mix) alake. Conversely, ashallow lake may become partialy stratified on
windless days.

Overall, water temperatures and dissolved oxygen concentrations are very important with
regardsto alake'sfishery. Ingeneral, the optimal water temperature for salmonid fish (i.e., trout) is
551060 °F (12.8to 15.6 °C). Trout may withstand water temperatures above 80 °F (26.7 °C) for
severa hours, but if water temperatures exceed 75 °F (23.9 °C) for extended periods, high trout
mortality isexpected (Pennsylvania State University). Conversely, non-salmonid fish such as, golden
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shiners, bass, bluegills, can grow well even when water temperatures exceed 80 °F (26.7 °C). In
general, safe minimum dissolved oxygen concentrationsfor adult salmonid and non-salmonid fish are
50 and 3.0 mg/L, respectively. When dissolved oxygen concentrations fal below these
concentrations, production impairment of salmonid and non-salmonid fish can be expected.

In addition to impacting the lake’sfishery, low dissolved oxygen levelsin the bottom waters of
a lake will often accelerate the release of nutrients such as, soluble orthophosphorus (analytically
measured as dissolved reactive phosphorus) and ammonia nitrogen, from anoxic (oxygen depl eted) in-
lake sediments. In particular, the accel erated rel ease rates of nutrients (referred to asinternal loading)
can represent a substantial portion of al incoming nutrientsto alake. Increased nutrient loadingsvia
in-lake sediments may further degrade lake water quality by increasing the production of both
phytoplankton and aquatic macrophytes (vascular plants).

Silver Lake

Water temperature and dissolved oxygen profile datafor Silver Lake are graphically presentedin
Figures4.1 and 4.2, respectively. At Station SL 1, the maximum water depth generally ranged from
1.1to 1.4 meters (3.6 to 4.6 feet) throughout the study period, thereby indicating that Silver Lakeis
classified as avery shalow lake system.

At this station, water temperatures generaly remained uniform throughout the water column
during the entire study period (Figure 4.1). Uniform water temperatures indicate that the lake is
shallow enough to remain thermally unstratified or destratified as a direct result from wind mixing.
During the summer months, water temperatures frequently approached or exceeded 80° F. For
example, lake water temperatures were 27° C (81° F) throughout the entire water column on June
29, 1999 (Figure 4.1).

Dissolved oxygen concentrations remained above 5.0 mg/l from 0.0 to 1.0 (0.0 to 3.28 feet) as
shown in Figure 4.2. The lowest dissolved oxygen levelswere observed on July 16" and August 18"
near the sediments. For these study dates, the dissolved oxygen levels never fell below 1.0 mg/l.

Based on the above data, Silver Lakeisclassified asashallow, polymictic lake. Polymictic lakes
are defined as those lakes, which never truly stratify or sometimes weakly stratify with respect to
water temperature. In contrast, dimictic lakes are defined as those lakes that turn over (completely
mixing) twice annually and typically remain thermally stratified throughout the entire growing season.
Overall, water temperature and dissolved oxygen data for the study period indicate that the lake is
suited to support and maintain awarmwater (non-salmonid) fishery. The greatest constraint for this
lakeisitsoverall lack of available fish habitat in terms of water volume. Low to moderate dissolved
oxygen levels at the lake water-sediment interface suggest that in-lake sediments
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Temperature Profiles in Silver Lake (Station SL1)
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Figure4.1 TemperatureProfilesin Silver Lake
Dissolved Oxygen Profiles in Silver Lake (Station SL1)
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Figure4.2 Dissolved Oxygen Profilesin Silver Lake
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have low potential for promoting theinternal release of nutrients, the buildup of hydrogen sulfide gas
and the formation of toxic ammonium nitrogen. The release of soluble nutrients via sediments and the
formation of hydrogen sulfide and ammonium nitrogen dramatically increase when dissolved oxygen
levelsin lake bottom waters are less than 1.0 mg/L.

Magnolia L ake

Water temperature and dissolved oxygen profile datafor MagnoliaL ake are graphically presented
in Figures 4.3 and 4.4, respectively. At Station ML1, the maximum water depth generally ranged
from 4.0 to 4.4 meters (13.1 to 14.4 feet) throughout the study period, thereby indicating that
Magnolia Lake is classified as a moderately deep lake system.

At this station, water temperatures were stratified during the months of June through August in
1999 (Figure 4.1). The greatest degree of thermal stratification occurred on June 29" where the
surface and bottom water temperatureswere 27.5° C (81.5° F) and 16.2° C (61.2° F), respectively.
On October 27", water temperatures were uniform throughout the water column due to wind mixing.
Surface and bottom waterswere 12.6° C (54.7° F) and 11.6° C (52.9° F), respectively (Figure4.1).

Dissolved oxygen concentrations were strongly stratified when the lake was thermally stratified
during the months of June through August (Figure 4.4). During this period, dissolved oxygen levels
typically fell below 1.0 mg/l at water depths ranging from 2.0 to 4.4 meters (6.6 to 14.4 feet. In
addition, dissolved oxygen concentrationsfell below 3.0 mg/l at water depthsranging from1.5t04.1
meters (4.9 to 13.4 feet), thereby indicating possible production impairment of non-salmonid fish.

Based on the above data, MagnoliaL akeis classified asamoderately deep, dimictic lake. Dimictic
lakes are those lakes that turn over (completely mixing) twice annually and typically remain thermally
stratified throughout the entire growing season. Overall, water temperature and dissolved oxygen
data for the study period indicate that the lake will likely result in production impairment of non-
salmoid game fish species such aslargemouth bass and bluegills. Very low dissolved oxygen levels at
the lake water-sediment interface suggest that in-lake sediments have a high potential for promoting
the internal release of nutrients, the buildup of hydrogen sulfide gas and the formation of toxic
ammonium nitrogen. The release of soluble nutrients via sediments and the formation of hydrogen
sulfide and ammonium nitrogen dramatically increase when dissolved oxygen levelsin lake bottom
waters are less than 1.0 mg/L.
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Figure 4.3 Temperature Profilesin Magnolia Lake
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4.1.2. pHand Alkalinity

The pH and alkalinity of water are directly related to one another. In genera, as akalinity

increases, the pH of the water al so increases. The acidity or basicity of a solution is most often expressed
as pH. The term pH is defined as the logarithm of the reciprocal (or its negative logarithm) of the hydrogen
ion concentration. Therefore, a one unit change in pH represents a ten-fold increase or decrease in the
hydrogen ion concentration (as pH decreases, the hydrogen ion concentration increases). The pH scale
ranges 0 to 14 standard units where a value of 7 indicates neutral conditions. Water becomes more acidic
when pH values fall below 7 and more basic when pH values rise above 7. In general, most natural waters
usually have a pH values between 6.5 and 8.5.

Aquatic lifein lakes can be adversely impacted when pH levels drop too low in lakes. When pH
concentrations fall below 6.0 standard units, there is a greater risk to increase the concentration of
heavy metals, in particular duminum. High concentrationsof hydrogen and duminumionsare known
to adversaly affect theion regulation of aguatic organisms, acondition referred to as " osmoregul atory
faillure'. When osmoregulatory failure occurs, high hydrogen and a uminum concentrationsinduce the
leaching of sodium and chloride ions from the body fluids of fish and other aguatic organisms (U.S.
EPA, 1990). Assummarized by J. Baker, pH valuesranging from 5.5 to 6.0 standard units can result
in the loss of sensitive minnows and dace, which may be important as forage fish for gamefish. In
addition, the above pH levels are a'so known to adversely affect the reproductive success rates of
game fish, such aswalleye (U.S. EPA, 1990).

Alkalinity refersto the capacity of water to neutralize acid inputs. Alkalinity of natural watersis
due primarily to the presence of hydroxides, bicarbonates, carbonates and occasionaly borates,
slicates and phosphates. It is typically expressed in units of milligrams per liter (mg/l) of CaCO;
(calcium carbonate). Waters having apH below 4.5 contain no akalinity. Low alkalinity isthe main
indicator of susceptibility of aquatic organismsto acidic inputs (e.g., acid rain and acidic dry fallout).
Waterswith pH values ranging from 6 to 9 are largely comprised of bicarbonate (HCO; ). At higher
pH values, carbonate (CO; °) plays a more important role in the buffering capacity of the water.
Lakes with watersheds that contain sedimentary carbonate rocks are high in dissolved carbonates
(hard-water lakes). Conversely, lakesin granite or igneousrocks arelow in dissolved carbonates (soft
water lakes). Inthe Northeastern U.S,, the alkalinity of natural surface waterstypically rangesfrom 5
to over 200 mg/L as CaCOs.

Silver Lake

The mean pH value in Silver Lake during the study period was 7.06 standard units as shown in
Table4.1. The highest pH value was observed during on July 16" when phytoplankton densities were
a the highest. Therefore, this higher pH value on this date was likely due to increased levels of
photosynthesis by phytoplankton (refer to Section 4.1.7). Overall, the pH values in Silver Lake
indicate near neutral water conditions.
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Themean alkalinity concentrationin Silver Lake during the study period was 40.8 mg/l as CaCOs
(Table 4.1). The mean akalinity concentration is considered moderately low, but sufficient to
regulate or maintain stable pH levels. Furthermore, thelakeis not susceptible to acidic inputs such as,
“acid rain”, acidic runoff from snowmelt and acidic dry deposition. When acidic inputs are episodically
high, it is expected that pH levels in the lake will remain stable, thereby protecting acid intolerant
aguatic organisms.

Table4.1 Mean pH and Alkalinity Concentrationsin the Study Lakesin 1999

pH Alkalinity
Station (standard units, s.u.) (mg/l as CaCO3)
Silver Lake (SL1-S) 7.06 [6.71-7.37] 40.8 [24.0-48.3]
Magnolia Lake (ML 1-S) 7.63 [6.81—-8.26] 425 [25.1-50.0]
Magnolia Lake (ML1-B) 6.78 [6.38—-7.16] | @ e

Note(s): Data presented as mean values along with ranges of values in brackets

Magnolia L ake

Themean pH valuesin Magnolia L ake during the study period were 7.63 and 6.78 standard units
for surface and bottom waters, respectively, as shown in Table 4.1. In genera, surface pH values
were higher than bottom water values due to increased levels of photosynthetic activity by
phytoplankton. Overal, the pH valuesin Magnolia Lake indicate near neutral water conditions.

The mean akalinity concentration for surface waters in Magnolia Lake during the study period
was 42.5 mg/l as CaCOs; (Table 4.1). Similar to Silver Lake, the mean akalinity concentration is
considered moderately low, but indicates that the lake has asufficient capacity to regulate or maintain
stable pH levels.
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4.1.3. Specific Conductance

Conductivity isameasure of the ability of water to conduct an electric current and is dependent
on the number of dissolved ions in solution. Although directly correlated to the total amount of
dissolved solids, conductivity provides no indication with regards to the relative quantities of the
varioustypes of dissolved solids present. Observed conductivitiesin lake watersvary widely and are
largely afunction of the geology and the soilsin the watershed. Conductivity varies significantly with
temperature and to alesser extent with the nature of the individual ions present. Because temperature
hasardatively large effect on conductivity, conductivity istypically corrected to 25°C and reported
as specific conductance (in micro Siemens, uS/cm @ 25°C) to alow direct comparison of vauesthat
were measured at different temperatures.

Silver and Magnolia L akes

The specific conductance values for Silver and Magnolia Lakes are presented in Table 4.2.
Overadll, these vaues in the lakes are considered high, thereby indicating the presence of large
amounts of dissolved solids, which includes soluble forms of nutrients like phosphorus and nitrogen.
The mean specific conductance vaues for the surface and bottom watersin MagnoliaLake (ML1-S
and ML 1-B) are quite similar, thereby indicating thereis not asignificant internal release of nutrients
viaanoxic in-lake sediments during thermal stratification.

Table4.2 Mean Specific Conductance Valuesin the Study L akesin 1999

Station Specific Conductance (iS/cm)
Silver Lake (SL1-9) 229 [130 — 285]
MagnoliaLake (ML1-S) 240 [151 — 300]
Magnolia Lake (ML1-B) 239 [141 - 331]

Note(s): Data presented as mean values along with ranges of values in brackets

4.1.4. Total Suspended Solids

The concentration of total suspended solids in alake is a measure of the amount of particulate
matter in the water column. Suspended solids include both organic matter including phytoplankton
and inorganic materials like soil particles.
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Silver and Magnolia L akes

The mean total suspended solids concentrations in Silver and Magnolia Lakes are presented in
Table 4.3. These mean total suspended solids concentrations are considered high and attributed to
high levels of phytoplankton biomass (Section 4.7.1) and high sediment loadings to the lakes via
stormwater runoff.

Table4.3 Mean Total Suspended Solids Concentrationsin the Study L akesin 1999

Station Total Suspended Solids (mg/l)
Silver Lake (SL1-S) 16.0 [8.0 — 24.0]
Magnolia Lake (ML 1-S) 9.0[1.0-13.0]
Magnolia Lake (ML1-B) 10.3[9.0-11.0]

Note(s): Data presented as mean values along with ranges of valuesin brackets

4.1.5. Transparency

The transparency, or clarity, of alake is most often reported as the Secchi disk depth. This
measurement is taken by lowering a circular black-and-white disk, which is 20 cm (8 inches) in
diameter, into the water until it isno longer visible. Observed Secchi disk depths range from afew
centimeters in very turbid lakes to over 40 meters in the clearest known lakes (Wetzel, 1975).
Although somewhat simplistic and subjective, thisfield monitoring method probably best represents
those lake conditions that are most often perceived by lake users and the genera public.

Secchi disk transparency isrelated 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 water color or by the presence of both particulate organic
matter (e.g., algal cells) and inorganic materias (e.g., suspended clay particles).

In general, lakes are classified as oligotrophic and eutrophic when Secchi disk transparencies are
greater than or equal to 3.0 to 5.0 meters, or less than or equal to 1.5 to 2.0 meters, respectively.
Therefore, lakes are classified as mesotrophic when Secchi disk transparencies generaly fall between
those values that are reported above.
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Silver and Magnolia L akes

Secchi disk transparency vauesfor Silver and Magnolia Lakes are presented in table 4.4. Based
upon these mean vaues, both lakes are classified as either eutrophic (high levels of aguatic
productivity) or hypereutrophic (extremely high levels of aquatic productivity) according to criteria
established by U.S. EPA (1980) and Nurnberg (2001), respectively. Nurnberg classifies lakes as
hypereutrophic when Secchi depth transparencies fall below 1.0 meter.

Table4.4 Mean Secchi Disk Valuesin the Study Lakesin 1999

Station Secchi Disk Depth (meters)
Silver Lake (SL1) 0.45 [0.38 — 0.60]
Magnolia Lake (ML1) 0.69[0.50—0.85]

Note(s): Data presented as mean values along with ranges of values in brackets

4.1.6. Nutrient Concentrations

Phosphorus and nitrogen are major nutrients required for the growth of phytoplankton (free
floating, micrascopic plants) and macrophytes (aguatic vascular plants) inlakes. The lake monitoring
program for this study included the analysis of lake samples for both total and dissolved inorganic
forms of both nutrients. The dissolved inorganic nutrients, namely dissolved reactive phosphorus,
nitrate, and ammonia nitrogen, are regarded as the forms most readily available to support aquatic
plant growth, while the total nutrient amounts provide an indication of the maximum growth potential
that could be achieved in lakes.

4.1.6.1. Phosphorus

Tota phosphorus represents the sum of all forms of phosphorus. Total phosphorus includes
dissolved and particulate organic phosphates (e.g., algae and other aquatic organisms); inorganic
particulate phosphorus as soil particles and other solids; polyphosphates from detergents and
dissolved orthophosphates. Soluble (or dissolved) orthophosphate (determined analytically as
“dissolved reactive phosphorus”) is the phosphorus form that is most readily available for agal
uptake. Soluble orthophosphate is usually reported as dissolved reactive phosphorus because
laboratory analysis takes place under acid conditions and may result in the hydrolysis of some other
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phosphorusforms. Total phosphoruslevelsare strongly affected by the daily phosphorusloadingsto a
lake, while soluble orthophosphate levels are largely affected by algal consumption during the
growing season.

Silver Lake

Thetotal and dissolved reactive phosphorus concentrations measured in Silver Lake are presented
in Table4.5. Based on criteria established by the U.S. EPA (1980), alakeisclassified asoligotrophic,
when total phosphorus concentrations are less than or equal to 0.010 to 0.015 mg/l, and eutrophic,
when total phosphorus concentrations are greater than or equal to 0.020 to 0.030 mg/I. According to
Nurnberg (2001), lakes with total phosphorus concentrations between 0.031 and 0.100 mg/| are
classified as eutrophic. Hypereutrophic lakes contain total phosphorus concentrations exceeding
0.100 mg/I. Based upon the above criteria, Silver Lake is classified as eutrophic.

Dissolved reactive phosphorus is reported as half the detection limit, which is 0.010 mg/I.

Therefore, dissolved reactive phosphorus was not detected in Silver Lake, thereby indicating that this
form of phosphorusis rapidly used by phytoplankton as soon as it becomes available.

Table4.5 Mean Phosphorus Concentrationsin the Study Lakesin 1999

Total Phosphorus Dissolved Reactive Phosphorus
Station (mg/l asP) (mg/l asP)
Silver Lake (SL1-S) 0.085[0.050 — 0.113] 0.005 [0.005 — 0.005]
Magnolia Lake (ML1-S) 0.065 [0.018 — 0.100] 0.005 [0.005 — 0.005]
Magnolia Lake (ML1-B) 0.093[0.057 — 0.140] 0.013[0.005 — 0.030]

Note(s): Data presented as mean values along with ranges of values in brackets

Magnolia L ake

The total and dissolved reactive phosphorus concentrations for surface and bottom waters in
Magnolia Lake are presented in Table 4.5. The total phosphorus concentrations for surface waters
indicate that this lake is classified as eutrophic according the criteria. Higher total phosphorus
concentrations in the bottom waters indicate the internal release of dissolved reactive phosphorus
from anoxic in-lake sediments and the decay of organic matter such as, dead aquatic vegetation
including phytoplankton, during periods of thermal stratification. This statement is substantiated by
the fact that dissolved reactive phosphorus was only detected in the bottom waters at Station ML 1.
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Similar to Silver Lake, the dissolved reactive phosphorus concentrations for surface waters were not
detected in Magnolia Lake.

4.1.6.2. Nitrogen

Nitrogen compounds are also important for the growth and reproduction of phytoplankton and
aguatic macrophytes. The common inorganic forms of nitrogen in water are nitrate (NOs), nitrite
(NO;) and ammonia (NHs). The form of inorganic nitrogen present depends largely on dissolved
oxygen concentrations. Nitrate is the form usually found in surface waters, while anmoniais only
stable under anaerobic (low oxygen) conditions. Nitriteis an intermediate form of nitrogen, whichis
generaly considered unstable. Nitrate and nitrite (referred to as total oxidized nitrogen) are often
analyzed together and reported as NO; + NO,-N, athough nitrite concentrations are usually
insgnificant as noted previoudy. Tota Kjeldahl nitrogen (TKN) concentrationsinclude ammoniaand
organic nitrogen (both soluble and particulate forms). Organic nitrogen can be easily estimated by
subtracting ammonianitrogen from total Kjeldahl nitrogen concentrations. Total nitrogen is calculated
by summing the nitrate-nitrite, ammonia and organic nitrogen fractions together.

Silver Lake

The total nitrogen, total Kjeldahl nitrogen, nitrate plus nitrite nitrogen and ammonia nitrogen
concentrations in Silver Lake are presented in Table 4.7. With the exception of ammonia nitrogen,
the mean concentrations for all forms of nitrogen are considered high and indicative of highly
productive lake systems. According to Nurnberg (2001), lakes with total nitrogen concentrations
between 0.65 to 1.20 mg/L are classified as eutrophic. Therefore, Silver Lakeis classified as highly
eutrophic based upon this criterion.

Total nitrogen isthe sum of total Kjeldahl nitrogen (TKN), nitrate nitrogen and nitrite nitrogen.
TKN isthe sum of organic nitrogen and ammonianitrogen. Therefore, it issurmised that most of the
nitrogen in the lake consists of organic and nitrate nitrogen. This is because the ammonia
concentrations were low and nitrite is generally very unstable in most freshwater systems.

Magnolia L ake

The total nitrogen, total Kjeldahl nitrogen, nitrate plus nitrite nitrogen and ammonia nitrogen
concentrations in Magnolia Lake are presented in Table 4.7. Similar to Silver Lake, the mean
concentrationsfor all forms of nitrogen except ammoniaare considered high and indicative of highly
productive lake systems. According to Nurnberg (2001), Magnolia Lake is classified as highly
eutrophic.
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Table4.6 Mean Nitrogen Concentrationsin the Study Lakesin 1999

Station Total Total Kjeldahl Nitrate + Nitrite Ammonia
Nitrogen Nitrogen (mg/l asN) (mg/l asN)
(mg/l asN) (mg/l asN)
Silver Lake 1.03 0.68 0.36 0.045
(SL1-9) [0.80 — 1.59] [0.15-0.99] [0.05-0.72] [0.025 - 0.066]
Magnolia Lake 1.02 0.59 0.43 0.043
(ML1-S) [0.65—1.55] [0.15-0.84] [0.05-0.89] [0.025 - 0.066]

Note(s): Data presented as a mean values along with arange of values in brackets

Once again, it is surmised that most of the nitrogen in the lake consists of organic and nitrate
nitrogen. Thisis because the ammonia concentrations were low and nitrite isgenerally very unstable
in most freshwater systems.

4.1.6.3. Limiting Nutrient

Phytoplankton growth depends on a variety of nutrients. This includes macronutrients
(phosphorus, nitrogen and carbon) as well as trace nutrients ( iron, manganese and many others).
According to Liebig's law of the minimum, 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 usually the nutrients limiting algal growth in most natural waters.

Depending on the species, algae require approximately 15 to 26 atoms of nitrogen for every atom
of phosphorus. Thisratio convertsto 7 to 12 mg of nitrogen per 1 mg of phosphorus on amassbasis.
A ratio of total nitrogen to total phosphorus of 15:1 is generaly regarded as the dividing point
between nitrogen and phosphorus limitation (U.S. EPA, 1980). Identification of the limiting nutrient
becomes more certain as the total nitrogen to total phosphorus ratio moves farther away from the
dividing point, with ratios of 10:1 or less providing a strong indication of nitrogen limitation and
ratios of 20:1 or more strongly indicating phosphorus limitation.

In many instances, inorganic nutrient concentrations provide a better indication of the limiting
nutrient because the inorganic nutrients are the forms directly available for algal growth. Ratios of
total inorganic nitrogen (TIN = ammonia, nitrate, and nitrite) to dissolved reactive phosphorus (DRP)
greater than 12 are indicative of phosphorus limitation, ratios of TIN:DRP less than 8 are
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indicative of nitrogen limitation, and TIN:DRP ratios between 8 and 12 indicate either nutrient
can be limiting.

Silver and Magnolia L akes

Thetotal phosphorusto total nitrogen (TN:TP) and the total inorganic nitrogen to dissolved
reactive phosphorus (TIN:DRP) ratiosfor Silver and MagnoliaLakesare presented in Table4.7. The
TN:TPratiosindicate that Magnolia Lakeis more phosphorus limiting than Silver Lake although both
lakes indicate some tendency for nitrogen limitation. Conversely, the TIN:DRP ratios strongly
suggest that phosphorus is limiting in both of the study |akes.

Table4.7 Mean Nitrogen to Phosphorus Ratiosin the Study Lakesin 1999

_ Nitrogen to Phosphorus Ratios
Station
TN:TP TIN:DRP
Silver Lake (SL1-S) 12.7 79.9
[7.6—16.0] [15.0 - 157.2]
MagnoliaLake (ML1-S) 19.7 93.5
[10.2-36.1] [15.0-191.2]

Note(s): Data presented as a mean values along with arange of valuesin brackets

4.1.7. Plankton and Chlorophyll-a

The quantity of phytoplankton (free floating, microscopic aquatic plants commonly referred to as
“agae’) and macrophytes (vascular aquatic plants) are primary biological indicators of lake trophic
conditions. Small aguatic animals, namely zooplankton and macroinvertebrates, graze upon dgaeand
fragments of aquatic plants. Larger invertebrates and fish then consume the above grazers and to a
lesser extent, some aguatic plants.

I nformation about the plankton community composition and succession isextremely useful when
attempting to gain a better understanding about various |ake problems. For example, eutrophic lakes
often support unbalanced phytoplankton communities characterized by very large numbers of
relatively few species. The number of larger zooplankton will tend to decrease during periods when
blue-green algae are dominant. Conversely, oligotrophic lakes and acidic lakes often have small
populations of both phytoplankton and zooplankton, which typically consist of only afew different
Species.
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4.1.7.1. Phytoplankton

Phytoplankton are free floating, microscopic aquatic plants that have little or no resistance to
currents and live suspended in open water. Their formsmay be unicellular, colonia or filamentous. As
photosynthetic organisms (primary producers), phytoplankton form the base of aquatic food chain
and are grazed upon by zooplankton and herbivorous fish.

A hedlthy lake should support adiverse assemblage of phytoplankton, in which many aga species
are represented. Excessive growth of afew speciesis usualy undesirable. Such growth can result in
dissolved oxygen depletion during the night, when the algae are respiring rather than
photosynthesizing. Dissolved oxygen depletion also can occur shortly after amassive “agal bloom”
dueto increased levels of respiration by bacteriaand other microorganismsthat are metabolizing dead
algal cdlls. Excessive growth of some speciesof agae, particularly members of the blue-green group,
may cause taste and odor problems, release toxic substances to the water, or give the water an
unattractive green soupy or scummy appearance.

Planktonic productivity iscommonly expressed in terms of density and biomass. Phytoplankton
densities are most frequently expressed as cells per milliliter (cells/ml). Biomass is commonly
expressed on a mass per volume basis as micrograms per liter (ig/l). Of the two, biomass provides a
better estimate of the actua standing crop of phytoplankton in lake systems.

Silver Lake

The phytoplankton biomass in Silver and Magnolia Lakes are shown in Figures 4.5 and 4.6.
Overdl, the phytoplankton community of Silver Lake was represented by generafrom seven different
taxa: Bacillariophyta (diatoms), Chlorophyta (green agae), Chrysophyta (golden-brown agae),
Cryptophyta (cryptomonads), Cyanophyta (blue-green algae), Euglenophyta (euglenoids) and
Pyrrhophyta (red-brown dinoflagellates). As shown in Figure 4.5, phytoplankton biomass ranged from
3,81810 10,609 ug/l during the study period. The highest and lowest biomasslevelswere observedin
June and August, respectively.

In June, the phytoplankton assemblage was rather diverse and consisted of numerous genera
represented by the following taxa: Chlorophytes, Bacillariophytes, Euglenophytes and Cyanophytesas
shown in Figure 4.5. By July, Cyanophytes were the dominant taxon and largely represented by the
genus Anabaena followed by Oscillatoria and Aphanizomenon. Cryptophytes and Euglenophytes
were most prevalent in August. The most dominant species were Cryptomonas (Cryptophyte) and
Euglena and Trachelomonas (Euglenophytes). In October, the phytoplankton community became
somewhat more diversified and largely represented by the Cryptophytes and to lesser extent by the
Chrysophytes and the Euglenophytes. The most dominant generawere Cryptomonas (Cryptophyte),
Dinobryon (Chrysophyte) and Trachelomonas (Euglenophytes).
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Phytoplankton Biomass in Silver Lake (Station No. SL1)
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Figure4.5 Phytoplankton Biomassin Silver Lake
Phytoplankton Biomass in Magnolia Lake (Station No. ML1)
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Figure 4.6 Phytoplankton Biomassin Magnolia L ake
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Magnolia L ake

Overal, the phytoplankton community of Magnolia Lake was represented by generafrom seven
different taxa: Bacillariophyta (diatoms), Chlorophyta (green algae), Chrysophyta (golden-brown
algae), Cryptophyta (cryptomonads), Cyanophyta (blue-green algae), Euglenophyta (euglenoids) and
Pyrrhophyta (red-brown dinoflagellates). As shown in Figure 4.6, phytoplankton biomass ranged from
4,821 to 17,728 ug/l during the study period. The highest and lowest biomass|evelswere observedin
June and August, respectively.

In general, the phytoplankton communities of Magnolia and Silver Lakes were quite similar. In
MagnoliaL ake, the phytoplankton assemblage for June was rather diverse and consisted of numerous
genera of the following taxa: Chlorophytes, Euglenophytes, Cryptophytes and Bacillariophytes as
shown in Figure 4.6. By July, Cyanophytes were the dominant taxon and largely represented by the
Aphanizomenon and Anabaena. Euglenophytes and Cryptophytes were most prevalent in August.
The most dominant generawere Trachelomonas (Euglenophyte) and Cryptomonas (Cryptophyte). In
October, the Cryptophytes become most dominant followed by the Chrysophytes and the
Euglenophytes. The most dominant genera were Cryptomonas (Cryptophyte), Dinobryon
(Chrysophyte) and Trachelomonas (Euglenophytes).

Silver and Magnolia L akes

The phytoplankton biomass data for Silver and Magnolia Lakes suggest eutophic conditions.
Phytoplankton biomasslevelsin the lakes were considered moderately high and were especidly high
in August 1999. Wetzel (1983) and Amand and Wagner (1999) describe the dominance of nitrogen-
fixing generaof blue-green agae, namely Aphanizomenon and Anabaena, and Euglenophytesin some
types of eutrophic lake systems. Euglenophytes are often prevalent in organically-enriched or polluted
waters (Wetzel 1983, Amand and Wagner 1999, U.S. Department of Health, Education and Welfare
1962).

4.1.7.2. Chlorophyll-a

Chlorophyll-aisapigment that givesall plantstheir green color. The function of chlorophyll-ais
to convert sunlight to chemical energy in the process known as photosynthesis. Because chlorophyll-a
constitutes about 1 to 2 percent of the dry weight of planktonic algae, the amount of chlorophyll-ain
awater sampleis an indicator of phytoplankton biomass. Based on criteria established by the U.S.
EPA (1980), alake is classified as eutrophic when its chlorophyll-a concentrations are equal to or
greater than 6 to 10 ug/l. When chlorophyll-a concentrations are equal to or lessthan 2to 4 ug/l, a
lake can be classified as oligotrophic. According to Nurnberg (2001), lakes are classified as eutrophic
when chlorophyll-a concentrations fall between 9.1 to 25 ug/l and hypereutrophic when these
concentrations exceed 25 ug/l (micrograms per liter).
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Silver and Magnolia L akes

The chlorophyll-a concentrations in Silver and Magnolia Lakes are presented in Table 4.8. The
mean chlorophyll-a concentration for Silver Lake indicates highly eutrophic and hypereutrophic
conditions according to the U.S. EPA and Nurnberg criteria, respectively. Conversely, the mean
chlorophyll-a concentration for Magnolia Lake indicates highly eutrophic conditions according to the
U.S. EPA and Nurnberg criteria.

Table4.8 Mean Chlorophyll-a Concentrationsin the Study Lakesin 1999

Station Chlorophyll-a (ig/L)
Silver Lake (SL1-9) 34.9[20.0 - 55.9]
MagnoliaLake (ML1-S) 21.7[11.6—31.5]

Note(s): Data presented as mean values along with ranges of values in brackets

4.1.8. Trophic State Index

The Trophic State Index (TSl) developed by Carlson (1977) is among the most commonly used
indicators of lake trophic state. Thisindex is actually composed of three separate indices based on
measurements of total phosphorus concentrations, chlorophyll-a concentrations, and Secchi disk
depths for many lakes. Total phosphorus was chosen for the index because phosphorus is often the
nutrient limiting for phytoplanktonic growth in lakes. Chlorophyll-ais a plant pigment present in all
algae and is used to provide an indication of the biomass of phytoplankton and Secchi disk depthisa
common measure of |ake transparency.

Aspart of thisstudy, TSI valueswere determined for total phosphorus, chlorophyll-a, and Secchi
depth data for each of the study dates. Total phosphorus concentrations, chlorophyll-a
concentrations, and Secchi disk depthswere logarithmically converted to atrophic state scale ranging
from 1to 100. Increasing vauesfor the Trophic State Index are indicative of increasing lake trophic
states. In general, index valueslessthan 35 to 40 are indicative of oligotrophic conditions, whileindex
values greater than 50 to 55 are indicative of eutrophic lake conditions.
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Silver and Magnolia L akes

The calculated TSI values for Secchi depth, chlorophyll-a and total phosphorus are presented in
Table4.9 and Figures 4.7 and 4.8. Overall, the three mean TSI valuesin Table 4.9 indicate that both
Silver and Magnolia Lakes are classified as highly eutrophic or hypereutrophic. Based upon these
values, Silver Lake is dightly more eutrophic than Magnolia Lake.

Table4.9 Mean Carlson’s Trophic State Index Valuesfor the Study Lakesin 1999

Station TSI Values
Secchi Depth Chl-a Total P
Silver Lake (SL1) 72 [67 —74] 65 [60—70] 68 [61—72]
Magnolia Lake (ML1) 65 [62 — 70] 61 [55 - 64] 64 [46 - 71]

Note(s): Data presented as mean values along with ranges of values in brackets

Carlson's TSI Values for Silver Lake (Station No. SL1)
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Figure4.7 Carlson's TSl Valuesfor Slver Lake
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Carlson's TSI Values for Magnolia Lake (Station No. ML1)
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Figure4.8 Carlson's TSl Valuesfor Magnolia L ake

4.2. Summary of Lake Water Quality Data

The lake water quality data for the 1999 study period is presented below. For additional
information, refer to Section 4.1 of this report.

4.2.1. Silver Lake

1. The lake is classified as a shalow, polymictic lake. Polymictic lakes are
defined asthoselakes, which never truly stratify or sometimes weakly stratify
with respect to water temperature. The maximum lake water depthis5.6 feet.

2. Lake water temperatures frequently approached or exceeded 80° F. On June
29, 1999, lake water temperatures were 27° C (81° F) throughout the entire
water column.

3. Dissolved oxygen concentrations remained above 5.0 mg/l from 0.0 to 1.0
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(0.0 to 3.28 feet) throughout the 1999 study period. The lowest dissolved
oxygen levelswere observed on July 16" and August 18™ near the sediments.
For these study dates, the dissolved oxygen levels never fell below 1.0 mg/l.

4, The mean pH value of thelake was 7.06 standard units. The highest pH value
was observed on July 16" when phytoplankton densities were at the highest.
Thiselevated pH valuewaslikely dueto increased levels of photosynthesis by
phytoplankton. Overall, lake pH valuesindicate near neutral water conditions.

5. The mean alkalinity concentration was 40.8 mg/l as CaCQOs. This value is
considered moderately low, but sufficient to regulate or maintain stable pH
levels.

6. The mean Secchi disk transparency value of 0.45 metersislow and indicates
eutrophic (high levels) or hypereutrophic (extremely high levels of aquatic
productivity) lake conditions according to criteria established by U.S. EPA
(1980) or Nurnberg (2001), respectively.

7. The mean total phosphorus concentration was 0.085 mg/l as phosphorus and
indicates eutrophic conditions. Dissolved reactive phosphorus was not
detected, thereby indicating that this form of phosphorusis rapidly used by
phytoplankton as soon as it becomes available.

8. With the exception of ammonia nitrogen, the mean concentrations for all
formsof nitrogen are considered high and indicative of highly productive lake
systems. According to Nurnberg (2001), total nitrogen concentrations suggest
highly eutrophic lake conditions.

9. Tota nitrogen to phosphorus ratios provides no clear distinction whether
nitrogen or phosphorusisthe limiting nutrient, while total inorganic nitrogen
to dissolved reactive phosphorus ratios strongly indicate that phosphorusis
limiting.

10.  Phytoplankton biomass|evels suggest eutrophic lake conditions. The biomass
levels were considered moderately high and were especially high in August
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1999. Nitrogen-fixing generaof blue-green dgae, namey Aphanizomenon and
Anabaena, and Euglenophytes were most prevalent. Euglenophytes are most
often observed in organically enriched or polluted waters.

11. The mean chlorophyll-a concentration of 34.9 ug/l indicates highly eutrophic
or hypereutrophic conditions.

12. The Carlson’s Trophic State Index (TSI) values for Secchi depth, total
phosphorus and chlorophyll-a indicate that the lake is classified as highly
eutrophic or hypereutrophic. Based upon thesevalues, Silver Lakeisdlightly
more eutrophic than Magnolia Lake.

4.2.2. Magnolia Lake

1. The lakeis classified as a moderately deep, dimictic lake. Dimictic lakes are
those lakes that turn over (completely mixing) twice annually and typically
remain thermally stratified throughout the entire growing season (May
through September). The maximum lake water depth is 15.9 feet.

2. Lake water temperatures were stratified during the months of June through
August in 1999 (Figure 4.1). The greatest degree of thermal stratification
occurred on June 29" where the surface and bottom water temperatures were
27.5° C(81.5° F) and 16.2° C (61.2° F), respectively.

3. Dissolved oxygen concentrations were strongly stratified when the lake was
thermally stratified during the months of June through August. During this
period, dissolved oxygen levels typicaly fell below 1.0 mg/l at water depths
ranging from 2.0 to 4.4 meters (6.6 to 14.4 feet). In addition, dissolved
oxygen concentrationsfell below 3.0 mg/l at water depthsranging from 1.5to
4.1 meters (4.9 to 13.4 feet), thereby indicating possible production
impairment of non-salmonid fish.

4. The mean pH valueswere 7.63 and 6.78 standard unitsfor surface and bottom
waters, respectively. In general, surface pH values were higher than bottom
water values due to increased levels of photosynthetic activity by
phytoplankton. Overall, the pH valuesin the lake indicate near neutral water
conditions.
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5. The mean alkalinity concentration was 42.5 mg/l as CaCQO;. This value is
considered moderately low, but sufficient to regulate or maintain stable pH
levels.

6. The mean Secchi disk transparency value of 0.69 metersislow and indicates
eutrophic (high levels) or hypereutrophic (extremely high levels of aguatic
productivity) lake conditions according to criteria established by U.S. EPA
(1980) or Nurnberg (2001), respectively.

7. The mean total phosphorus concentration was 0.065 mg/l as phosphorus and
indicates eutrophic conditions. Higher total phosphorus concentrationsin the
bottom waters indicate the internal release of dissolved reactive phosphorus
from anoxic in-lake sediments and the decay of organic matter such as, dead
aguatic vegetation including phytoplankton, during thermal stratification.

8. With the exception of ammonia nitrogen, the mean concentrations for all
formsof nitrogen are considered high and indicative of highly productive lake
systems. According to Nurnberg (2001), total nitrogen concentrations suggest
highly eutrophic lake conditions.

9. Total nitrogen to phosphorusratios suggest that phosphorusislimiting, while
total inorganic nitrogen to dissolved reactive phosphorus ratios strongly
indicate that phosphorus is limiting.

10.  Phytoplankton biomasslevels suggest eutrophic lake conditions. The biomass
levels were considered moderately high and were especially high in August
1999. Nitrogen-fixing generaof blue-green dgae, namey Aphanizomenon and
Anabaena, and Euglenophytes were most prevalent. Euglenophytes are most
often observed in organically enriched or polluted waters.
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11. The mean chlorophyll-a concentration of 21.7 ug/l indicates highly eutrophic
conditions.

12. The Carlson’s Trophic State Index (TSI) values for Secchi depth, total
phosphorus and chlorophyll-a indicate that the lake is classified as highly
eutrophic or hypereutrophic. Based upon these values, Magnolia Lake is
dightly less eutrophic than Silver Lake.
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5. Watershed Assessment

The stream monitoring program and the watershed investigation for the Mill (Otter) Creek
watershed assessment project are discussed below in Sections 5.1 and 5.2, respectively.

5.1. Streams Monitoring Program

The stream monitoring program for this project extended from December 2000 through August
2002. In Section 5.1.1, the study design and how stream datawere acquired are briefly discussed. In
addition, stream data and results are presented in Section 5.1.2. For additional information about the
stream monitoring program, refer to the approved Quality Assurance— Quality Control Plan for the
Mill Creek Watershed Assessment Project (Aqua-Link, Inc. 1999) and the Sream Monitoring
Manual: Mill Creek Watershed Assessment (Aqua-Link, Inc. 2000).

5.1.1. Study Design and Data Acquisition

In 2000, Aqua-Link and the District selected six different locations to establish stream stations
within the Mill Creek watershed as shown previoudly in Figure 2.3 (refer to Appendix A for actual
GPS coordinates). Written descriptions and photographs of these stations are provided below in
Table 5.1 and Figure 5.1, respectively. At these selected sites, Aqua-Link installed staff gages and
established cross sectiona areas where incremental stream velocity and water depth data were to be
collected. Aqua-Link provided training to several volunteer monitors representing the Friends of
Silver Lakeand the District. In addition, copies of the stream monitoring manual were provided to al
volunteer monitors. Thismanua provided acomprehensive set of instructions ranging from collecting
field data and water samples to shipping these samples to the contract |aboratory for analysis.

Table5.1 Descriptions of Stream Monitoring Stations

Station Stream Description
MC1 Mill (Otter) Creek Mill Creek (Otter Creek) below the outlet of Silver Lake
MC2 Mill Creek Mill Creek above Magnolia Lake
MC3 Mill Creek Mill Creek above Oxford Valley Road bridge crossing
MC4 Mill Creek Mill Creek near the Frosty Hollow
Road bridge crossing
BD1 Black Ditch Black Ditch near the Green Lane bridge crossing
QAC1 Queen Anne's Creek  Queen Anne's Creek near Cobalt Road at the pedestrian
bridge crossing
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Figure5.1 Photographs of Stream Monitoring Stations
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These six stream stations were monitored three times during baseflow (low flow) and five times
during stormflow (high flow) conditions. During a sampling event, discrete water samples were
collected and subsequently shipped to the contract laboratory (QC, Inc. of Southhampton, PA) for
analysis. All collected stream samples were analyzed for total phosphorus, total Kjeldahl nitrogen,
nitrate plus nitrite nitrogen and total suspended solids. At the time of sample collection, staff gage
readings were recorded on designated field data sheets. Lastly, incremental stream water depths and
velocities were measured and recorded at the established cross sections at the stream monitoring
stations (Figure 5.2).

Figure5.2 Collecting Stream Velocity and Water Depth Data

5.1.2. Stream Data and Results

The mean concentrations of total phosphorus (TP), total nitrogen (TN, sum TKN and nitrate-
nitrite nitrogen) and total suspended solids for al six stations during both baseflow and stormflow
conditions are summarized in Table 5.2. For easy comparison, a numerical ranking system was
applied for each water quality parameter. For example, mean total phosphorus concentrations during
baseflow conditions ranked from 1 to 6 (best to worst in terms of water quality). The same ranking
system was applied to total nitrogen and total suspended solids. The assigned pointsweretallied and
evaluated for all stream stations during baseflow and stormflow conditions.
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Table5.2 Mean Nutrient and Suspended Solids Concentrations for All Stream Stations

Flow TP TN* TSS Ranking

Station| Regime | (mg/lasP) | (mg/lasN) | (mg/l) TP TN 155 Total Pts
BD1 Base 0.07 1.62 3.67 5 1 5 11
MC1 Base 0.08 1.87 17.00 6 3 6 15
MC2 Base 0.04 1.74 2.00 3 2 2 7
MC3 Base 0.03 2.01 2.00 1 4 2 7
MC4 Base 0.03 2.05 2.00 2 5 2 9
QAC1 Base 0.05 2.15 2.33 4 6 4 14
BD1 Storm 0.11 1.57 24.60 1 4 2 7
MC1 Storm 0.38 1.53 14.20 6 2 1 9
MC2 Storm 0.26 1.99 154.80 5 6 6 17
MC3 Storm 0.19 1.97 101.80 4 5 5 14
MC4 Storm 0.13 1.48 45.40 3 1 4 8
QAC1 Storm 0.12 1.56 37.80 2 3 3 8

The best water quality occurring during baseflow conditions was observed at Stations MC2 and
MC3 and then followed by Station MC4. The baseflow point ranking totalsfor these stationswere 7,
7 and 9, respectively, asshown in Table 5.1. The worse water quality occurred at Stations MC1 and
QAC1 and then followed by Station BD1. The baseflow point ranking totals for these stations were
15, 14 and 11, respectively as shown in Table 5.1. Both Stations MC1 and QACL1 are located below
County-owned lakes. Station MC1 isdirectly below the dam of Silver Lake, while Station QAC1 is
located agreater distance below Lake Caroline. Station BD1 islocated within atypical stream reach
of Black Ditch. Black Ditchisavery slow moving, low gradient stream that contains vast amounts of
aguatic vegetation commonly found in wetlands and lakes. It is believed that these three stations are
significantly influenced by the upstream lakes or in the case of Station BD1, where the stream
“behaves’ more like awetland or avery shalow lake system. In general, lakes and wetlands generate
high levels of phytoplankton, which trandates into elevated levels of total suspended solids. In
addition, lakes and wetlands often release soluble forms of nutrients from anoxic (low dissolved
oxygen) sediments.

Aqua-Link determined the instantaneous loadings of total phosphorus, total nitrogen and total
suspended solidsfor all six streams stations as shown in Table 5.3. These loadings were determined
by utilizing both water quality data reported by the contract laboratory and cal cul ated instantaneous
discharge data collected under baseflow and stormflow conditions. |nstantaneous discharges were
determined by Aqua-link using field data (incrementa stream velocity and water depth data) that were
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measured and recorded by volunteers during the time of stream sample collection (refer to Appendix
F). The instantaneous loadings for total phosphorus, total nitrogen and total suspended solids were
calculated for the individual study dates and subsequently averaged together in order to obtain the
mean loading values presented in Table 5.3. These mean loading values reported in this table are

expressed on amass per day basis (kilograms per day, kg/d).

Table5.3 Mean Nutrient and Suspended Solids L oadings for All Stream Stations

Flow Mean Q TP TN TSS Ranking

Station| Regime | (cfs) | (kg/d as P) | (kg/d as N) | (kg/d) TP TN* | TSS | Total Pts
BD1 Base 0.8 0.18 3.0 5 2 1 1 4
MC1 Base 8.8 1.71 39.8 371 6 5 6 17
MC2 Base 9.8 1.00 40.5 48 5 6 5 16
MC3 Base 6.3 0.35 32.0 31 3 4 4 11
MC4 Base 2.3 0.15 11.6 11 1 2 2 5
QAC1 Base 3.3 0.40 16.5 18 4 3 3 10
BD1 Storm 17.1 4.74 65.5 915 1 1 1 3
MC1 Storm 90.9 13.96 371.1 3,702 3 4 2 9
MC2 Storm 106.4 119.70 714.9 82,686 6 6 6 18
MC3 Storm 104.2 86.88 630.4 51,632 5 5 5 15
MC4 Storm 27.9 10.69 105.2 4,604 2 2 3 7
QAC1 Storm 59.5 21.77 246.2 7,732 4 3 4 11

Aqua-Link was required to eliminate some data and estimate others in order to determine the
mean loading values that are presented in Table 5.3. First, no loadings were determined for the
December 18, 2000 study date. Unfortunately, insufficient field data (staff gage readings plus
incremental water depth and stream velocity data) were collected at all stations. Without these data,
no instantaneous discharge data could be determined or even estimated. On this same study date, two
of the stations|ost their staff gages asaresult of aprevious storm event. These staff gageswere later
reinstalled by Aqua-Link. Aqua-Link also had to estimate some missing data for the May 22, 2002
storm event. In summary, a missing staff gage readings at Stations MC2 and BD1 were estimated
using statistical regression analysis for staff gage readings at Stations MC2 and MC3 and Stations
MC4 and BD1, respectively. Thereafter, regression analysis between staff gage readings and
discharge were performed for all six stationsin order to obtain discharge estimates for the May 22,
2002 study date. Refer to Appendix F for more information about how staff gage readings and
stream discharge were estimated using statistical regression analysis.

Asshown in Table 5.3, the most significant loadings occurred at Stations MC1 and MC2 during
baseflow conditions. The baseflow point ranking totals for these stations were 17 and 16,
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respectively. Thelowest |oadings during baseflow conditionswere determined for StationsBD1 and
MC4. The baseflow point ranking totals for these stations were 4 and 5, respectively. As seen
previoudy, Station BD1 ranked third worst in terms of baseflow water quality (Table 5.1), but now
ranksthe lowest in terms of loading (mass per time basis). Thisis primarily attributed to the fact that
Station BD1 had the lowest mean discharge under baseflow conditions, which wasonly 0.8 cfs (cubic
feet per second).

Conversaly, the most significant loadings during stormflow conditions were reported for Stations
MC2 and MC3, while the lowest |oadings were noted again for BD1 and MC4 (Table 5.3). Station
MC3includesflow from both Mill Creek and Queen Anne' s Creek. Based upon the data presented in
Tableb5.3, Station QA C contributes approximately 15, 25 and 39 percent of the sediment (suspended
solids), phosphorus and nitrogen loadings that were estimated at Station MC3. Therefore, it appears
that the M CI subwatershed contributes the highest nutrient and sediment loadingsto MagnolialL ake
followed secondly by the QAC subwatershed (refer to Figure 2.3).

5.2. Watershed Investigation

Aqua-Link, Inc. toured the Mill Creek watershed during the summer of 2002 in order to identify
major problem areas contributing significant amounts of NPS (nonpoint source) pollution. Our
investigation primarily focused on the NPS pollutants, namely nutrient and sediments. In excess,
these pollutants result in lake water quality degradation in terms of eutrophication.

Inthefield, Aqua-Link toured lake and stream riparian corridors viatruck; therefore most of our
field survelllance targeted those areas generally accessible by roads and near bridge crossings. A GPS
receiver (Garmin Model GPS 76S) linked to a portabl e notebook computer provided field personnel
with real-time location and topographic data. In addition, field personnel walked riparian areas that
were identified by others as significant watershed problems.

Thelocationsof al significant NPSwatershed problems (e.g., streambank erosion, lake shoreline
erosion, sediment bars) were recorded using a GPS receiver. Digital photographs were taken and
written descriptions of the problem areaswere prepared using field survey datasheets. Inthefield, dl
GPS data and digital photographs were saved to a portable notebook computer. Later, GPS data
were uploaded into ArcView GIS softwarein order to create amap showing al identified major NPS
problems. Digital photographs were cropped and reformatted for inclusion into this final report.
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The major NPS problems that were identified by Aqua-Link, Inc. during this assessment are
described below. Refer to Figures 5.3 and 5.4 for the locations and photographs of these identified
watershed problem areas. Appendix A includes the GPS coordinates of these locations.

Major NPS Problems Identified in the Mill Creek Watershed

1. Lakebank erosion at Silver Lake due to heavy pedestrian foot traffic. In addition,
this shoreline lacks adequate riparian vegetation and lake margin areas contain
invasive exotic plant species such as, purple loosestrife.

2. Severelake bank erosion at Magnolia Lake due to heavy pedestrian foot traffic
and lack of adequate riparian vegetation.

3. Lakebank erosion at Magnolia Lake due to heavy pedestrian foot traffic and lack
of adequate riparian vegetation.

4. lllegal dumping of excavated soils within the Black Ditch flood plain at the Mill
Creek Road bridge crossing.

5. Severelake bank erosion at Lake Caroline due to heavy pedestrian foot traffic and
lack of adequate riparian vegetation. Other noted problems are the lack of woody
riparian vegetation around most of the lake's perimeter and the illegal feeding of
waterfowl. Water feeding still routinely occurs even though the surrounding
parkland is posted with “Do Not Feed the Waterfowl” signs in accordance to
Ordinance No. 95, Section 38.b.

6. Moderate streambank erosion occurring along Queen Anne's Creek. Bank erosion
primarily due to an inadequate riparian buffer, which lacks woody plant materials.

7. Moderate streambank erosion occurring along unnamed tributary to Lake
Caroline. Bank erosion primarily due to inadequate riparian buffer, which lacks
woody plant materials. Other noted problems were excessive sedimentation below
the bridge crossing.

8. Apparent placement of excavated cobble from stream channel into the adjacent
flood plain of Mill Creek at Station MC3. Placed cobble materials (acting asa
man-made levee) appear to limit flood waters from naturally flowing into the flood
plain. This portion of the flood plain is located within County-owned parkland.
Under current conditions, accelerated rates of streambank erosion and downstream
flooding may result due to the creation of this levee.
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9. Severe streambank erosion occurring along Mill Creek due to an inadequate
riparian buffer, which lacks woody plant materials. Streambank height is estimated
at 6 to 8 feet.

10. Severe streambank erosion occurring along Mill Creek due to an inadequate
riparian buffer, which lacks woody plant materials. Streambank height is estimated
at 6 to 8 feet.

11. Severe stream channel down cutting along unnamed tributary (sometimes referred
to as Samuel’ s Creek) to Mill Creek. This section of stream is effectively
disconnected from its adjacent flood plain, thereby exacerbating downstream
flooding and streambank erosion.

12. Very severe streambank erosion occurring along the outside bend of a meander
along Mill Creek. The vertical cut aong this bank is estimated at 6 to 10 feet,
thereby creating a very dangerous situation during storm events. In addition, this
stream reach is contributing very high quantities of nutrients and sediments to
downstream waters.

13. Inadequate riparian buffers along an unnamed tributary to Mill Creek.

14. Extremely high levels of aggradation (sedimentation) within the stream channel of
Mill Creek. Apparent source of sediments are uncontrolled stormwater runoff from
Route 1 and to a lesser extent, streambank erosion.

15. Highly eroded intermittent stream channel through forested area near Route 1.
This problem areais likely attributed to uncontrolled highway stormwater runoff
that is discharged into a forested woodlot.

In addition to the above field investigation, al potentia riparian areas lacking adequate buffers
wereidentified using digital watershed dataand ArcView GI S software asdiscussed in Section 2.2.5.
This information was visualy illustrated in Figure 2.6. Insufficient buffers along riparian areass are
often highly susceptible to bank erosion and failure, thereby contributing excessive amounts of
nutrients and sediments to streams and lakes.
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Figure5.3 Locations of Watershed Problems
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Figure5.4 Photographs of Watershed Problems
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6. Hydrologic and Pollutant Budgets

Hydrologic and pollutant budgets were determined for Silver and Magnolia Lakes. Hydrologic
information was used to determine the hydraulic residence times (HRT) of the study lakes. HRT isan
important variable that is used in phosphorus modeling and when evaluating various in-lake
restoration techniques. The pollutant budgets were determined for nutrient and sediments, which are
thefocus of this study with respect to lake eutrophication. In addition, the pollutant budget datawere
used in the lake phosphorus modeling exercises.

6.1. Hydrologic Budget

A hydrologic budget balances the amount of water to and from alake system. Water inputsto a
lake are from tributaries, direct runoff from lands immediately surrounding the lake (i.e., the direct
drainage area), precipitation to the surface of the lake and groundwater. Water outputs are via the
lake's outlet, evaporation from the surface of the lake and groundwater. The hydrologic budget for
any lake system is generally presented as an input-output type equation as listed below:

1.V outlet = \% tributaries T \% direct drainage +V precipitation — \% evaporation +V groundwater +V storage

Where,
V outlet volume of water released from the lake at the outlet,
V tibutaries volume of water entering the lake viamajor tributaries,

V' direct drainage volume of water entering the lake from lands adjacent to
the lake and unmonitored tributaries to the lake,

V precipitation volume of precipitation to the surface of the lake,

V' evaporation volume of water evaporated from the surface of the lake,

V groundwater net volume exchange of groundwater through the lake
bottom, and

V sorage change in storage capacity of the lake.

In order to simplify this equation, the following assumptions were made for thisreport. Shallow
groundwater to the lake is assumed to be included as part of the estimates for V yiputaries @A 'V girect
drainage- 1N€V graunawater Variableis assumed to be negligible since the |akes have very large watersheds
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and subsequently most of the water to the lakes will be from inflowing tributaries. The V gorage
variable is assumed to be negligible since the study period extends for aone-year period. Based on
these assumptions, Equation No. 1 is simplified to the following equation:

2.V outlet = \% tributaries T \% direct drainage +V precipitation — \% evaporation

In the following paragraphs, each of these four variablesin Equation No. 2 was determined. In
addition, hydrologic budget summaries for Magnolia and Silver Lakes were prepared and are
discussed in the following sections.

6.1.1. Major Tributaries

Theannual contributions of water from Mill Creek and its mgjor tributaries were estimated using
historical stream discharge data as reported by the United States Geological Survey for a nearby
stream monitoring station. Aqua-Link, Inc. used the aboveinformation in order to estimate the stream
flow characteristics of Mill Creek and its tributaries.

For this assessment, the USGS Station No. 01464645, which islocated along the North Branch
Neshaminy Creek in Bucks County, PA, was sel ected to estimate stream flow contributionsviamajor
tributaries. Historical discharge data at this station were obtained via the internet using the USGS
NWIS-W Data Retrieval System (Appendix H). The annua mean discharge at this station was
determined to be 28.2 cfs (cubic feet per second). The cal culated mean discharge was next expressed
on a cfsm (cubic feet per second per square mile) basis by dividing the above vaue by its tota
drainage area, which is 16.2 square miles. A summary of the above information is presented in Table
6.1.

Table6.1 Hydrologic Characteristics of North Branch Neshaminy Creek

USGS Period of Mean Discharge Drainage Area Mean cfsm Ratio
Station No. Record (cfs) (sq. mile)
01464645 1986 — 2000 28.2 16.2 1.74

Source: USGS. Water resources data obtained viainternet @ http://waterdata.usgs.gov.nwis.

Using the cfsm value shown in Table 6.1, the mean discharge for Mill Creek asit flows directly
into Magnolia L ake was estimated. In addition, the annual mean discharge for Queen Anne’s Creek
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and Black Ditch were estimated using the above approach. Queen Anne’ s Creek and Black Ditch are
major tributaries to Mill Creek. All annual mean discharge values were also expressed on an annua
basisin billion gallons per year (Bga/yr) asshownin Table 6.2 (refer to Appendix H). Refer to Figure
2.3, which shows the subwatershed boundaries for the Mill Creek Inlet (Mill Creek flowing into
Magnolia), Queen Anne's Creek and Black Ditch.

Table6.2 Hydrologic Characteristics of Mill Creek

Tributary Subwatershed Area Annual Mean Annual
(sq. miles) Discharge Volume
(cf9) (Bgallyr)
Mill Creek (into Magnolia L ake) 175 30.45 7.18
Mill Creek Inlet Subwatershed 8.10 14.10 3.32
Queen Anne's Creek Subwatershed 6.61 11.50 2.71
Black Ditch Subwatersehd 2.79 4.85 1.15

6.1.2. Direct Drainage

Similar to Section 6.1.1, the annua volumes of water contributed by the direct drainage areasto
Magnolia Lake, Silver Lake and the Delaware River were estimated using the cfsm approach. The
direct drainage areas of MagnoliaLake, Silver Lake and the Delaware River are 0.42, 1.23 and 0.51
square miles, respectively as previously shown in Figure 2.3. Based upon the above, the estimated
annual water volumes contributed by the MagnoliaLake, Silver Lake and the Delaware River direct
drainage areas are 0.17, 0.50 and 0.21 hillion gallons per year (Bgal/yr). For additional information,
refer to Appendix H. As previously discussed Section 6.1, water contributions from the direct
drainage areas occur via stream flow, overland flow and shallow groundwater.

6.1.3. Precipitation and Evaporation

The amount of precipitation and evaporation directly to and from Silver and MagnoliaLakeswere
estimated by using historical climatological data reported by the Pennsylvania State Climatologist
(http://www.ems.psu.edu/pa_climatologist). The mean annual precipitation occurring at the City of
Philadel phia, Pennsylvaniais41.41 inches per year. Evaporation from the lakeswas estimated using a
mean annual open pan evaporation rate of 31.72 inches per year as reported for Landisville,
Pennsylvania. The Landisville Station represents evaporation ratesfor the southeastern portion of the
state. Refer to Appendix H for al precipitation and evaporation data present above.
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Based upon the surface areas of thelakes, Silver and Magnolia L akes receive approximately 0.03
billion gallons of water due to precipitation and lose 0.02 billion gallons of water as a result of
evaporation annually. As noted in Section 2.1.1, the study lakes are very similar with respect to
surface aress.

6.1.4. Hydrologic Budget Summaries

The normalized hydrologic budget for Magnoliaand Silver Lakes are presented below in Tables
6.3 and 6.4. For more information, refer to Appendix H of this report.

The most significant source of water to the MagnoliaLake isMill Creek, which includes Queen

Anne' s Creek and Black Ditch subwatersheds. Mill Creek accountsfor 7.18 billion gallons per year
to the lake and this amount represents 97.3 percent of all incoming lake water as shown in Table 6.3.

Table6.3 Hydrologic Budget for Magnolia Lake

Annual Volume
[nput/Output _ - Per cent of
Cubic Feet Billion Gallons Total Input
(ft°) (Bgal)
Mill Creek! 960,271,200 7.18 97.3
Direct Drainage 23,046,509 0.17 2.3
Precipitation to Lake 3,908,276 0.03 04
Evaporation from Lake -2,993,734 -002 | e
Total 984,232,251 7.36 100.0

1 Mill Creek directly into Magnolia L ake; therefore includes Queen Anne's Creek and Black Ditch subwatersheds

Themost significant source of water to Silver Lakeisthe outlet of MagnoliaL ake. Aspreviously
discussed, Magnolia Lake emptiesalmost directly into Silver Lake viaasmall segment of Mill Creek.
The outlet of Magnolia Lake accountsfor 7.36 billion gallons per year to Silver Lake and thisamount
represents 93.2 percent of all incoming lake water as shown in Table 6.4.

Lastly, it is estimated that Mill (Otter) Creek contributes approximately 8.08 billon gallons of
water (Bgal) annually to the Delaware River. Thisannual water volume represents 7.87 Bgal directly
from the outlet of Silver Lake (Table 6.4) and 0.21 Bgal viadirect drainage. For more information,
refer to Appendix H.
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Table6.4 Hydrologic Budget for Silver Lake

Annual Volume
[ nput/Output _ - Per cent of
Cubic Feet Billion Gallons Total Input
(ft%) (Bgal)
Mill Creek (outlet of Magnolia Lake) 984,232,251 7.36 93.2
Direct Drainage 67,493,347 0.50 6.4
Precipitation to Lake 3,697,830 0.03 04
Evaporation from Lake -2,832,533 -002 | e
Total 1,052,590,896 7.87 100.0

6.1.5. Estimated Lake Hydraulic Residence Times

The hydraulic residence times of Magnolia Lake were estimated using lake water volume data
presented in Section 2.1.1 and hydrologic data presented in Section 6.1.4. Based upon this
information, the mean hydraulic residencestimesfor Silver and Magnolia L akes were estimated to be
3.1daysand 1.0 day, respectively. Therefore, thelakes, if completely drained, would only requirethis
many days to refill with water.

These hydraulic residencestimes are extremely low dueto relatively very large drainage areas to
lake volumes. To illustrate this point, Magnolia Lake has atotal drainage area of 17.9 square miles
(approximately 11,456 acres) and lake surface areaof 26.0 acres. Therefore, the drainage areato lake
surface arearatio for this lake is 440. Silver Lake has a total drainage area of 19.15 square miles
(approximately 12,256 acres) and alake surface area of 24.6 acres. Therefore, the drainage areato
lake surface arearatio for Silver Lake is498. Overall, ratios less than 25 to 50 are considered low,
whileratios greater than 150 are classified ashigh. In general, the extremely low hydraulic residence
times and extremely high drainage areato surface arearatiosindicate that Magnoliaand Silver Lakes
function like“run-of-the-river” typelake systems. In general, thesetypes of lakes often receive high
pollutant loadings from their surrounding watersheds, which frequently results in the lake water
quality degradation.
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6.2. Pollutant Budgets

Pollutant budgets for phosphorus, nitrogen and suspended solids (sediments) were determined for
Magnolia and Silver Lakes. In general, sources of nutrients and sediments to lakes are either from
point or nonpoint sources. Point sources of pollution are direct (piped) discharges to streams and
lakes from industrial and wastewater treatment facilities. All point source discharges require a
NPDES (National Pollution Discharge Elimination System) permit, which isissued by the gppropriate
state agency. These permits thereby allow approved facilities to discharge treated process waters to
nearby surface waters. Conversely, nonpoint sources (NPS) of pollution to lakes generally consist of
runoff from different watershed land uses, septic systems, waterfowl, atmospheric deposition and the
interna loading viain-lake sediments. NPS pollutant loadings are often estimated by using the unit
areal loading (UAL) approach. For this approach, export coefficients from the literature are used to
estimate pollutant loadings from various watershed sources. The UAL approach has been widely
accepted to estimate both nutrient and sediment loadings to lakes where either no or limited stream
monitoring data have been collected.

6.2.1. Point Sources

There are no known point sources within the boundaries of the Mill (Otter) Creek watershed.
Generated wastewater from all businesses and residential homesin the watershed are treated by either
the Lower Bucks Joint Municipal Authority facility or the Northeast Philadelphia wastewater
treatment facility. Raw wastewater is pumped to the Philadelphia facility via the Neshaminy
Interceptor, which is owned and maintained by Bucks County.

6.2.2. Flow from Magnolia Lake to Silver Lake

Water from Magnolia Lake flows ailmost immediately into Silver Lake. The two lakes are
interconnected by avery short segment of Mill Creek. Asnoted in Section 6.1.4, Silver Lake annually
receives 93.2 percent (7.36 billion gallons) of its water from the outlet of Magnolia Lake.

The nutrient and sediment loadings from Magnolia Lake into Silver Lake were estimated by
multiplying the mean total phosphorus, total nitrogen and total suspended solidsin MagnoliaLake by
the water volume of 7.36 billion gallons. The mean phosphorus, nitrogen and suspended solids
concentrations were 0.079 mg/l as P, 1.02 mg/l as N and 9.65 mg/l, respectively (refer to Section
5.1.2). The mean concentrations for phosphorus and suspended solids were based upon the mean
concentrationsfor surface and bottom waters (epilimnion and hypolimnion), while the mean nitrogen
concentration was only based upon lake surface water quality data. As previously discussed, no
bottom water samples were collected for the analysis of any forms of nitrogen.
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Based upon the above, it was estimated that Magnolia Lake contributed 2,201 kg (kilograms),
28,415 kg and 268,826 kg of phosphorus, nitrogen and suspended solids directly into Silver Lake. It
is recognized that these values may be lower than what is actually delivered to Silver Lake. Thisis
dueto thefact that Magnolia Lake has an extremely large drainage areato lake surface arearatio and
subsequently avery low hydraulic residence time. Under such circumstances, lake water quality can
significantly change during storm events. In this study, lake water quality was only monitored during
dry periods. Therefore, it is expected that the nutrient and suspended concentrations in Magnolia
Lake increased during storm events.

6.2.3. Land Uses

Pollutant export coefficients reported by Reckhow et a. (1980) and the U.S. Environmental
Protection Agency (1980) were evaluated and the most applicable export coefficients were selected to
estimate the annual loading of phosphorus, nitrogen, and suspended solids to the study lakes. The
following watershed characteristics were used in selecting the most applicable export coefficients:
geography, topography, soil characteristics and precipitation characteristics (frequency, duration,
intensity, and quantity).

The selected export coefficients for total phosphorus, total nitrogen, and total suspended solids
and land use data (Section 2.2.4) were used to determine loadings for the six major subwatersheds
(Figure 2.3). Thetota phosphorus, total nitrogen and total suspended solids loadings for the major
subwatersheds are presented in Table 6.5. For acompletelisting of all land use export coefficientsand
calculations, refer to Appendix | of this report.

By far, the most significant source of nutrients and sediments (suspended solids) in the entire
watershed is Mill Creek above Magnolia Lake. At this point, Mill Creek consists of the Mill Creek
Inlet (MCI), Queen Anne's Creek (QAC) and Black Ditch (BD) subwatersheds. Of these three, the
M CI subwatershed followed by the QA C subwatershed contributed the highest quantities of nutrients
and sedimentsas shown in Table 6.5. Thislast statement is supported by the stream water quality and
calculated loading data presented in Section 5.1.

6.2.4. Atmospheric Inputs

The phosphorus and nitrogen loadings from the atmosphere to the study lakes were estimated
using the selected export coefficients of 0.25 kilograms per hectare per year (kg/halyr) for
phosphorus and 10.0 kg/halyr for nitrogen (U.S. EPA 1980). These export coefficients account for
nutrient loadingsfor both wet (precipitation) and dry fallout. Based on the above export coefficients
and the lake surface areas, Magnolia Lake receives 3 and 105 kilograms per year of phosphorus and
nitrogen, respectively, and Silver Lake receives 3 and 100 kilograms per year of phosphorus and
nitrogen.
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Table6.5 Nutrient and Solids L oadingsfor Major Subwater sheds

Total Load (kglyr)
Subwater sheds Area (ha) TP TN TSS

MCI 2,098 1,000 11,927 793,588

QAC 1,713 828 9,580 655,789

BD 723 368 4,547 283,915

ML Direct 108 46 546 36,921
SL Direct 318 138 1,553 108,028

DR Direct 132 83 825 77,532
Totals 5,092 2,463 28,978 1,955,772

6.2.5. On-Lot Septic Systems

On-lot septic tanks can be a significant source of nutrientsto lakes. Inthe Mill Creek watershed,
all businesses and residential homes are connected to public sewers as noted in Section 6.2.1.
Therefore, no phosphorus or nitrogen loadings for on-lot septic systems were determined as part of
this assessment.

6.2.6. Waterfowl

Large quantities of waterfowl on alake can become problematic. Excessive amounts of droppings
near the lake may become a nuisance and adversely affect the lake's aesthetics. Furthermore,
droppings that are washed into the lake can also adversely affect lake water quality. Waterfowl
droppings, which are high in nutrients and fecal coliform bacteria, may accel erate the process of lake
eutrophication and can result in unhealthy lake conditions for contact recreational activities such as
swimming.

Phosphorus and nitrogen loadings for waterfowl were estimated by using loading coefficients
cited by Bland (1996). Thesevauesare 0.44 and 1.43 grams per waterfowl-use day for phosphorus
and nitrogen, respectively. Based upon field observations, waterfowl were only observed on Silver
Lakewherethe resident geese population is estimated at 50. Based upon the above, phosphorus and
nitrogen loadings that are contributed by waterfowl are estimated at 8 and 26 kg/year (kilograms per
year).
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6.2.7. Internal Release via In-Lake Sediments

In-lake sediments rel ease nutrients, namely dissolved reactive phosphorus and ammonia nitrogen,
to the overlying lake waters. The internal release of these nutrients dramatically increases when
dissolved oxygen concentrations fall below 1 mg/l near the sediments. Under such conditions,
phosphorus and nitrogen are released to overlying lake waters and then consequently become
available for increased production of aguatic plants (i.e., phytoplankton, filamentous agae, and
macrophytes).

Asdiscussed in Section 4.1, Magnolia Lake was thermally stratified during the months of June
through August. During this period, dissolved oxygen levelsfor the bottom waters (the hypolimnion)
of the lake were below 1 mg/l. Conversely, Silver Lake, which is very shalow, never thermally
stratified during the study period and generally remained aerobic at all water depths.

The interna release of phosphorus via aerobic and anaerobic (anoxic) lake sediments was
estimated by using export coefficients cited in the literature. The selected export coefficients for the
internal release of phosphorus from in-lake sediments were 2 and 10 mg/m?/day for agrobic and
anaerobic conditions, respectively. The selected export coefficientsfor theinterna release of nitrogen
were 22 and 32 mg/m?/day for aerobic and anaerobic conditions, respectively (Thomann and Mueller
1987). It was assumed that the bottom waters of Magnolia Lake were anoxic for 215 days and
remained aerobic for 150 days. Conversely, it was assumed that Silver Lake remained aerobic for the
entire year.

Based upon the above, the estimated phosphorus and nitrogen loadings from in-lake sediments
were 203 and 1,003 kg/yr for MagnoliaLake. The estimated phosphorus and nitrogen loadings from
in-lake sediments were 73 and 799 kg/yr for Silver Lake.

6.2.8. Pollutant Budget Summaries

The annual pollutant budget summariesfor Magnoliaand Silver Lakes are presented in Tables 6.6
and 6.7. These budgets were estimated based upon the calculations presented in Sections 6.2.1
through 6.2.7. The most significant source of nutrients and sediments to Magnolia Lake was Mill
Creek (Table 6.6). As noted in Section 6.2.3, the MCI and QAC subwatersheds contributed the
highest quantities of pollutants and this information corroborates with the nutrient and sediment
loading data presented in Section 5.1.2. The mgjor source of nutrients and sedimentsto Silver Lake
isMill Creek viathe outlet of Magnolia Lake (Table 6.7).
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Table6.6 Pollutant Budget for Magnolia L ake

Pollutant (kglyr)
Source TP TN TSS
Mill Creek (MLI, QAC & BD Subwatersheds) 2,196 26,054 1,733,291
Direct Drainage (ML Subwatershed) 46 546 36,921
Atmospheric 3 I
Internal Release by Sediments 203 1,003 | e
Total 2,448 27,708 1,770,212
External Load Only (TP Model) 2,245
Table6.7 Pollutant Budget for Silver Lake
Pollutant (kglyr)
Source TP TN TSS
Magnolia Lake Outlet (via Mill Creek) 2,201 28,415 268,826
Direct Drainage (SL Subwatershed) 138 1,553 108,027
Atmospheric 3 100 | e
Waterfowl 8 26 | -
Internal Release by Sediments 73 799 | e
Total 2,423 30,893 376,853
External Load Only (TP Model) 2,350

6.3. Phosphorus Modeling

Based on the water quality data collected during this study, phosphorus was identified as the
"limiting" nutrient in Magnoliaand Silver Lakes. Therefore, it is phosphorusthat controlsthe overall
degree or level of eutrophication in these lakes. If phosphorus concentrations were to decrease,
overal water quality of these lakesis expected to improve.

Simply stated, the amount of phosphorusin the lake is a function of the amount of phosphorus
flowing into the lake minus the amount of phosphorus flowing out of the lake minus the amount of
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phosphorus settling to the bottom of the lake. This simple input-output principle has been used to
develop alarge number of modelsto predict the lake phosphorus concentration if theinput (load) and
the basin'shydrology are determined. The mgjor difference between various modelsisin their method
of calculating their sedimentation term. Sinceitisnot practica to measure phosphorus sedimentation
directly, it must be estimated empiricaly based on a lake's morphometric and hydrologic
characteristics.

These models are most commonly used as atool to predict changesin lake water quality. Lake
managers commonly increase and decrease the external phosphorus|oads (lake phosphorusinputs) in
order to predict changesin lake water quality. In addition, |ake managers frequently rely on modelsto
corroborate the overall accuracy of selected export coefficients for various point and nonpoint
sources.

Study Period

L ake and watershed data that were acquired as part of this assessment served as input variables
for phosphorus modeling. First, phosphorus modeling was performed to predict the phosphorus
concentrations in Magnolia and Silver Lake. Next, predicted concentrations were compared to the
actual mean concentrations for the study period. Lastly, the selected model was rearranged in order
to determine the necessary phosphorus loading reductions that would be required to achieve
mesotrophic lake conditions.

Numerous phosphorus modelswere evaluated for their applicability to the study lakes. The most
critical stage in performing any modeling exercise is to select the most appropriate model. Models
developed by Vollenweider (1969), Kirchner and Dillon (1975), Chapra (1975), Larsen and Mercier
(1975), Jones and Bauchman (1975), Canfield and Bauchman (1981), Prairie (1988), Prairie (1989),
Reckhow (1977) and Walker (1977) were evaluated as part of this assessment.

After reviewing over fifteen different models, the Reckhow Quasi-General Model (1980) was
selected as a suitable model for the study lakes. This Reckhow Quasi-General model, which tendsto
be arather robust model, is as follows:

TP=L/[11.6 + 1.2Q]

Where,

TP =annual average phosphorus concentration (g/m3 or mg/l)
L = areal phosphorus loading (g/m?yr)

Qs = ared water loading (m/yr) = Q/A,

Q =inflow of water to the lake (m*/yr)

A, = lake surface area (m?)
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L was obtained from the phosphorus budgets that were devel oped and summarized in Tables 6.5
and 6.6. Q was obtained from the hydrol ogic budgets that were developed and summarized in Tables
6.3 and 6.4 and the lake surface areas were determined and presented in Table 2.1. For all modeling
results, refer to Appendix I.

By substituting the appropriate values, the Reckhow model predicts in-lake concentrations of
0.065 and 0.068 mg/I as phosphorus (P) for Magnoliaand Silver Lakes. The actua mean phosphorus
concentrations in Magnolia and Silver Lakes for the study period were 0.065 and 0.085 mg/l as P,
respectively. The concentration for Magnolia Lake represents the mean concentration for surface
waters (epilimnion).

Based upon the above, the predicted and actual concentrations for Magnolia Lake are equal.
Conversely, the predicted concentration for Silver Lakeisdightly lessthan actual mean concentration
for the study period. This lower predicted value possibly may be attributed to under estimating the
actual phosphorusloading from MagnoliaLaketo thislake. In any event, the predicted model value
for Silver Lake is consider good and meets the overall goals and objectives of this assessment.

The phosphorus loading reductions were determined in order to achieve mesotrophic conditions
in the study lakes. The above equation was rearranged to solve for L when P was set equal to 0.030
mg/l asP. According to criteriaestablished by the U.S. Environmental Protection Agency (1980), a
lake with a total phosphorus concentration of 0.030 g/m3 (0.030 mg/L) is classified as highly
mesotrophic. Thereafter, the predicted L values were compared to the calculated L valuesin order to
determine the required phosphorus reductions to achieve mesotrophy.

Based upon the above, it was estimated that calculated phosphorus loadings to Magnolia and
Silver Lakes have to be reduced by 53 and 55 percent in order to achieve mesotrophy. As noted
previoudy, the calculated external phosphorusloadingsto Magnoliaand Silver Lakeswere 2,245 and
2,350 kglyr, respectively. It should be noted that the external phosphorus|oadings do not include any
internal loadings from in-lake sediments.
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7. Evaluation of Restoration Alternatives & Practices

The primary goal of any lake and watershed management plan isto improvethe overall quality of
incoming waters (e.g., streams, stormwater runoff) to alake and to improve both the water quality
and aguatic habitats of the lake itself. Management plans are typically developed by carefully
evaluating all potential in-lake restoration alternatives, watershed management best management
practices and ingtitutional (non-structural) practices to achieve this goal.

Below is a list of restoration alternatives and practices that are commonly evaluated when
developing a comprehensive lake and watershed management plan:

In-lake Management Alternatives

1. Lake Aeration
a. Aeration (destratification, hypolimnetic)
b. Mechanica Circulation
2. L ake Deepening
a. Sediment Dredging
b. Water Level Drawdown for Sediment Consolidation
c. RaiseLake Surface Elevation
3. Other Physical Controls
a. Harvesting of Nuisance Aquatic Plant Biomass
b. Water Level Fluctuation
c. Habitat Manipulation (Improvements)
d. Covering Bottom Sediments to Control Macrophytes
4. Chemical Controls
a. Algicides
b. Herbicides
5. Biologica Controls
a. Bio-Manipulation for Phytoplankton Control
b. Insectsfor Nuisance Aquatic Vegetation
6. In-Lake Schemes to Accelerate Nutrient Outflow or Prevent Recycling
a. Sediment Dredging for Nutrient Control
b. Nutrient Inactivation/Precipitation
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Dilution and Flushing
Biotic Harvesting for Nutrient Removal
Selective Discharge from Impoundments
Sediment Exposure and Desiccation
. Lake Bottom Sealing
7. In-Lake Deacidification

a. Limestone Additions

b. Base Materia Injection into Sediments

@ -~ o o o

Watershed M anagement

1 Wastewater
a. Upgrade Facilities to Improve Effluent Quality
b. Diversion of Wastewater from Lakes or Watersheds
c. Connecting On-Lot Septic Systems to Public Sewers
2. Land Management Practices
a. Agriculture (Crop and Feedlot)
b. Forest (Silviculture)
c. Urban (Stormwater)
d. Riparian Corridors
3. Stream and Lake Bank Stabilization & Restoration
a. Soft Approach (Plant Materials Only)
b. Soil Bio-Engineering Approach
c. Natura Stream Channel Design (Streams Only)
d. Hard Approach (Conventional Armoring)
4, Homeowner Management Practices
a. Lawn Maintenance
b. On-Lot Septic System Maintenance
5. Deacidification
a. Watershed Liming
b. Limestone Additionsto Streams
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| nstitutional

1. Model Ordinances

a. Stormwater Management

b. Riparian and Sensitive Area Protection
2. Education

a. Lake Ecology and Management

b. Watershed Dynamics and Management

c. Homeowner Best Management Practices
3. Establishing a Lake and Watershed Steering Committee
4. Water Quality Monitoring

a. Lakes

b. Streams

Thefollowing criteria should be considered when evaluating potential restoration aternatives and
practices (U.S. EPA 1980):

Effectiveness how well a specific management practice meetsits goa

Longevity reflects the duration of treatment effectiveness

Confidence refers to the number and quality of reports and studies
supporting the effectiveness rating given to a specific
treatment

Applicability refers to whether or not the treatment directly affects

the cause of the problem and whether it is suitable for
the region in which it is considered for application

Potential for an evauation should be made to insure that a
Negative proposed management practice does not cause
Impacts a negative impact on the lake ecosystem

Capital Costs standard approaches should be used to evaluate the

cost-effectiveness of various alternatives
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Operation and these costs should be evaluated to help determine
Maintenance the cost-effectiveness of each management
aternative

By way of thisassessment, it has been determined that Silver and MagnoliaL akes are considered
very eutrophic or hypereutrophic (Section 4). Themajor source of pollution to these lakesis classified
as nonpoint source (NPS) pollution and is primarily attributed to stormwater runoff from urbanized
areas and streambank erosion (Sections 5 and 6). Nutrient and sediment budgets for the study lakes
indicate the highest levels of NPS pollution are generated within the MCl and QA C subwatersheds as
shown in Figure 2.3. In addition, stream data for storm events further suggest that the MCI
subwatershed contributes high quantities (loadings) of nutrients and sediments, which have and
continue to severely degrade the aguatic habitats and water quality of both streams and lakes.
Therefore, any recommended watershed management practices should first be implemented within
these two subwatersheds to increase their overall cost-effectiveness.

Overdll, Silver and Magnolia L akes have extremely high drainage areato lake surface arearatios
asdiscussed in Section 6.1.5. Theratiosfor Magnoliaand Silver Lakes are 440 and 498, respectively.
These ratios suggest that it will be very difficult to dramatically improve lake water quality.
Significant lake water quality improvements will only be recognized when NPS |oadings of nutrients
and sediments are dramatically decreased.

7.1. In-Lake

7.1.1. Aeration

Aeration has been widely used in the restoration of 1akes, where summer hypolimnetic oxygen
depletion and/or winter kill are of major concern. Aeration can be divided into two categories: those
methods, which destratify the lake water column and circulate the entire lake, and those methods,
which only aerate the hypolimnion (deep water layer) without destratification. Both methods are
based on the principle that increased dissol ved oxygen concentrations will increase the availability of
deep water habitats for fish while decreasing the release of phosphorus from the anoxic (low
dissolved oxygen containing) sediments. The maor difference between the two techniques is that
destratifying aerators mix the entire water column resulting in uniform water temperatures from
surface to bottom. Conversely, hypolimnetic aerators do not mix the entire lake, but instead only
aerate the bottom waters (hypolimnion), thereby allowing the lake to remain thermally stratified.

Aeration by destratification works by bubbling air from the lake bottom, thereby causing the water
columntocirculate. Inorder for complete mixing to occur the temperature difference fromthetop to
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the bottom of the lake should generally belessthan 5 degrees Celsius. Hypolimnetic aerators operate
by lifting and aerating hypolimnetic water in aclosed chamber and circulating the aerated water back
into the hypolimnion. When properly used, hypolimnetic aerators do not destratify warmer surface
waters and colder bottom watersin alake during the summer months. One drawback to hypolimnetic
aeration isthat sometimes there is oxygen depletion within the metalimnion (between the epilimnion
and hypolimnion). It is uncertain if this oxygen depletion creates a significant barrier for fish
migration. In genera, hypolimnetic aeration is more expensive and can be about three to five times
more than destratification.

Based upon the data presented in Section 4.1.1, aeration isonly recommended for Magnolia L ake
since Silver Lake remained well oxygenated throughout the study period. In this study, Magnolia
Lakewasthermally stratified in Junethrough August. Thelake' sbottom waters contained very low
levels of dissolved oxygen and elevated levels of phosphorus (Section 4.1.6.1).

Aeration via destratification for Magnolia Lake is expected to increase dissolved oxygen
throughout the water column, thereby improving habitat for the lake's fishery and decreasing the
interna release of phosphorus from in-lake sediments. The phytoplankton levelsin the lake are not
expected to change significantly because of high NPS nutrient loadings from its surrounding
watershed. Based on similar projects, the estimated cost for the above aeration system will likely
range from approximately $15,000 to $25,000. This cost estimate includesinstallation but does not
includethe cost for bringing electric power to thelake and annual operationa and maintenance costs.

7.1.2. Sediment Dredging

The physical removal of lake sediments can be used to achieve one or more objectives and is often
referred to asalake' s “ultimate face lift”. The most obvious advantage of dredging isthe removal of
accumulated sediments and deepening of the lake. An additiona benefit is that virtualy all of the
plants are removed from the lake. The entire macrophyte would be eliminated, including the seeds
and roots, thereby preventing a quick recurrence of nuisance growths. Costsfor dredging are high,
but the benefits are long-term, aslong as control measures are implemented to minimize the amount
of sediments entering the lake.

Some of the problems associated with dredging are the re-suspension of sediments and nutrients,
the disturbance of the benthic (Iake bottom) community, and the disturbance of both fishery nesting
and refuge areas. During the dredging operation, sediments and nutrients are often re-suspended,
which may result in algal blooms, increased turbidity, and decreased dissolved oxygen concentrations.
In removing in-lake sediments, many of the residing aquatic organismswill be physically removed or
smothered by the settling sediments in areas adjacent to the actual operation.
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However, the continued improvements of dredging equipment and dredging methods have helped to
minimize these adverse impacts.

L ake sediments can be removed by mechanical or hydraulic methods. Mechanica dredging can be
performed in-lake or after draining the lake. In-lake dredging is generally performed using aclamshell
bucket operated from a crane, which islocated on shore or mounted to abarge. If the lakeis drawn
down, lake sediments are excavated using bulldozers (or other excavation equipment) after the lake
sediments are sufficiently de-watered. Once the sediment is removed, this material must be loaded
into trucks and hauled to the disposal site. If sediments cannot be sufficiently dewatered on site,
water tight trucks will be needed. This adds to the volume that must be transported thereby
increasing hauling costs of the project. In hydraulic dredging, a dredging barge is unloaded from a
trailer into the lake. The barge is equipped with a cutterhead that which dislodges the sediments.
Didlodged sediments are then pumped as a durry from the barge to the disposa site viaa pipeline.
Because the sediments are transported asadurry, alarger disposal/de-watering areaisrequired. After
drying, the sediments may be regraded into the existing topography and restabilized with vegetative
cover (i.e. grasses), thereby returning the disposal sitesto their former undisturbed condition. Another
option is to transport these dewatered sediments to an offsite location for disposal.

Sediment removal isonly required at Silver Lake, which issignificantly shallower than Magnolia
Lake. Themean and maximum water depthsof Silver Lakeareonly 2.7 and 5.6 feet, respectively, as
determined and discussed in Section 2.1.1. Therefore, the largest constraint for the lake' sfishery is
the lack of aquatic habitats, namely in the form of water volume.

In the past, Silver Lake has been dredged using mechanica equipment. As discussed in Section
1.2, two-thirds of Silver Lake was dredged in 1985, while the remaining one-third was eventually
dredged in 1994. The total cost of dredging Silver Lake to a water depth of 5 feet exceeded
$600,000. Prior to the onset of dredging, Silver Lake only had an average water depth of 1'% feet. The
above information indicates that sediment dredging has not been a very cost-effective restoration
technique for this lake. Thisis primarily attributed to very high NPS sediment loadings to the lake
from its surrounding watershed, particularly from Magnolia Lake via Mill Creek.

At thistime, dredging is not recommended for Silver Lake until watershed sediment loadings have
been substantially decreased. This is primarily based upon the overall longevity of past dredging
projectsfor thislake and the pollutant budgets as determined in Section 6 of thisreport. The Bucks
County Department of Parks and Recreation should only consider dredging Silver Lake if thereis
interest in dramatically improving the fishery or permitting some limited boating activitieson the lake
for park visitors. If so, the County should retain a qualified consultant in order to perform alake
dredging feasibility study.
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7.1.3. Fishery Management

Fishery management programs should be implemented at Silver and Magnolia Lakes. Properly
managed |ake fisherieswill improve the recreational value of theselakesfor park visitors. During this
assessment, Aqua-Link has observed anglersfishing both lakes, but unfortunately all of these anglers
only reported either little or no success.

A fishery management program in Magnolia L ake should only begin after the implementation of
aeration. Overdl, the morphological (physical) and water quality characteristics (excluding low
dissolved oxygen levels) of this lake make it a good candidate for supporting a good warmwater
fishery. For example, thislake would be well suited for alargemouth bass-bluegill-channel catfish
typefishery. Silver Lakeisless suited as awarmwater fishery since thislake has alimited amount of
available fish habitat due to shallowness. Without dredging, Silver Lake should only be stocked with
more tolerant fish species like channel catfish.

It is recommended that the Bucks County Department of Parks and Recreation consider
improving thefisheries at the study lakes. The Department should contact the Pennsylvania Fish and
Boat Commission (PA FBC) and request for fishery surveys to be performed and subsequent fish
stockingsto beimplemented. Thisrequest should only occur after |ake aeration has been implemented
in Magnolia Lake. If the PA FBC declines, the Department may retain a private lake management
company to perform these fishery surveys and stockings.

7.2. Watershed Best Management Practices

7.2.1. Stormwater Retrofits

Urbanization has a profound influence on stream and lake water quality. These impacts are more
readily observed in older urban settings without any or inadequate stormwater controls as compared
to newer urban areas (Schueler 1987). In general, stormwater management systems in older urban
areas were designed to quickly capture surface runoff from impervious areas (roof tops, sidewalks,
roadways, parking lots) and pipe it directly to receiving streams. In addition, increased
imperviousnessin awatershed subsequently resultsinlessrainfal infiltration and percolation resulting
in lower levels of groundwater recharge.

Urbanization allows for changes in watershed hydrology, changes in stream geometry, the
degradation of aquatic ecosystems and pollutant export during construction and after site
stabilization. Watershed hydrology issignificantly altered after urbanization. Peak stream discharges
are increased about 2 to 5 times higher than pre-development levels. The volume of stormwater
runoff produced by individual stormsisincreased. For example, amoderately devel oped watershed
many produce 50 percent more runoff than aforest watershed. Thetimerequired for runoff toreach a
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stream (time of concentration) is significantly decreased by as much as 50 percent. In addition,
changes in watershed hydrology result in increased frequency and severity of flooding, reduced
streamflow during prolonged periods of dry weather (due to decreased rates of soil infiltration) and
greater runoff velocities during storm events (Schueler 1987).

Streams now must readjust (changein geometry) to the new hydrologic conditionsin urban areas.
The primary adjustment for increased ssormwater volumesis channel widening. Stream channels may
widen 2 to 4 times their original size if post-development runoff is not effectively controlled. The
elevation of the stream’ sfloodplain a so will increase to accommodate higher post-devel opment peak
discharge rates; therefore property and structures not previously at risk to flooding now may be at
risk. Streambanks are gradually undercut and slump into the stream channel. Trees that previousy
protected the banks are now exposed at the roots and sometimes become windthrown, thereby
triggering a second phase of bank erosion. Eroded soils from streambanks and upland areas are
temporarily stored in the stream channel as sand bars and other sediment deposits. Gradually, these
sediments migrate throughout the stream network as bedload, but unfortunately the stream channel
will inevitably be covered by shifting deposited mud and coarse sands for many years to come
(Schueler 1987).

In addition, urbanization adversely affectsthe overall composition of aquatic ecosystems. Increase
levels of pollutants to receiving waters often result in lower levels of species diversity and the
dominance of more tolerate, less desirable aquatic insects and fish. Pollutants are exported during
construction and after site stabilization. Thereisavery high potential for large quantities of sediment
with attached nutrients and organic matter to be transported to streams and lakes from active
construction sites. Thispotential isgreatly reduced when adequate erosion and sediment controlsare
properly installed and maintained. After construction, pollutants rapidly accumulate on impervious
surface and are readily transported to recelving waters via stormwater runoff. These pollutants
include sediments, nutrients, bacteria, oxygen consuming substances, oil and grease, metals, toxic
chemicalsand chlorides. Inaddition, increased temperatures of ssormwater runoff (thermal pollution)
will result in increased temperatures of receiving waters (Schueler 1987).

Land development (urbanization) prior to the 1970’ s had little to no stormwater management
practices. Stormwater systems were primarily built only to transport runoff rapidly to receiving
waters. In the 1970's, efforts began to address runoff induced flooding. Stormwater control
structures including detention basins were generally designed to accommodate only peak rates of
runoff. Therefore, these structures only held runoff for afew hoursuntil it was deliberately discharged
to receiving waters and did not address the loss of groundwater recharge, poorer runoff water quality
or increased runoff volumes over pre-development conditions (Delaware Riverkeeper 2001).

The primary problem with the peak rate of runoff design for stormwater control structures
(detention basins) isthat receiving waters receive increased stormwater volumesfor longer periods of
time. Structures of this design throughout a watershed have a cumulative net effect of actualy
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increasing theinstream peak discharge rates and water volumesfor extended periods. Therefore, the
final result is that downstream flooding is exacerbated since flood flow is increased and extended
(Delaware Riverkeeper 2001).

In addition, most detention basins are designed to control only 10 to 100-year frequency storms
and fail to impact the 2 to 5-year storms. Many detention basins are designed to pass these smaller
storm runoff volumes directly to streams. In general, the 2-year stormin anatural watershed produces
bankfull discharge. Bankfull discharge is that amount of flow that fills the stream to the top of its
banks. In urban areas, smaller, more frequent storms can result in bankfull conditions because of
increased runoff volumes. Bankfull dischargeis considered the effective discharge for stream channel
formation (channel widening, channel downcutting and bank erosion) as later described in Section
7.2.3.

Stormwater best management practices (BMP's) that are later incorporated into existing
developments and urban areasisreferred to as stormwater retrofitting. Retrofitting may only require
minor modifications to existing control structures like detention basins or the construction of new
control structures or devices. The underlying goa of retrofitting isto correct many of the problems
that were described above. Below is alist of common retrofits that may be employed for existing
stormwater detention basins (CH2MHill et. al. 1998):

Modifying the outfall to create a two-stage release to better
control smaller storms while not significantly compromising the
major detention required for flood control

Eliminating paved low-flow channels and replacing them with
meandering vegetated swales

Eliminating low-flow bypasses

Incorporating low berms to lengthen the flow path and eliminate
short-circuiting

Incorporating stilling and settling basin at inlets

Regrading the basin bottom to create a wetland area near the
outlet or revegetating parts of the basin bottom with wetland
vegetation to enhance pollutant removal, reduce mowing and
improve aesthetics
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Creating a wetland shelf along the periphery of a wet basin to
improve shoreline stabilization, enhance pollutant filtering and
enhance esthetic habitat functions

In addition, filter stripsand infiltration devices can be retrofitted into urbanized areas. Filter strips
can be readily incorporated into some existing developmentsif relatively large vegetated surface can
be utilized. Runoff from paved and grasses areas can be regraded to route drainage to and acrossthe
vegetated areas. In some instances, rerouting may only require the removal of curbs or dotting the
curbs aong the edge roads and parking lots. Infiltration devices such as, infiltration trenches,
permeabl e pavement and bio-retention should also be considered to promote additional groundwater
recharge and pollutant removal. Infiltration trenches may be installed down gradient of existing
parking lots and permeable pavement is often installed in low traffic areas like parking lots and fire
lanes. Bio-retention facilities are typicaly installed in natural depressions and roadside swales
(CH2MHill et. al. 1998).

Based upon the above, Aqua-Link recommends that the municipalities perform a stormwater
retrofitting assessment within the MCI and QA C subwatersheds (Figure 2.3). All existing detention
basins should be identified and evaluated for retrofits. These structures should then be prioritized and
upgraded accordingly with either state or federal funding. During the field investigations, it is
recommended that any good candidate sitesfor filter strip and infiltration device retrofits be identified
for future implementation.

7.2.2. Bank Stabilization

Bank erosion is a major source of nutrients and sediments to lakes and streams. Excessive
nutrients may result in accelerated rates of eutrophication such as, algal bloomsin lakes and depleted
dissolved oxygen levels in both streams and lakes. Excessive sediments in streams and |akes will
adversely affect aquatic life and their habitats. In addition, high levels of sedimentation in lakes will
result in loss of lake water volumes and shallowness, which will impair desirable and/or designated
lake uses.

7.2.2.1. Lake Shoreline Stabilization

In Section 5.2, isolated areas of shoreline erosion were observed along Silver, Magnolia and
Caroline Lakes. These problems are shown in Figures 5.3 and 5.4 as Sites 1-3 and 5. Overdl, lake
bank instability is primarily due to heavy pedestrian traffic and the lack of adequate riparian buffers
consisting of woody plant species. The worst bank erosion was observed along MagnoliaLake. In
genera, the slope of this bank is stegper than what occurs at the other two lakes.
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It isrecommended that the above four problems be stabilized using soil bio-engineered principles,
thereby providing good stabilization while maintaining anatural looking appearance. At Silver Lake
and Lake Caroline, either biologs or rock should be placed at the toe of the bank (edge of water) for
added protection. Clean soils should be placed over the existing highly compacted soils and seeded
with grasses. Woody plant materials, which are approved for soil bioengineering in riparian aress,
should be installed adjacent to the biologs or placed rock. Live stakes from willow trees (e.g., black
willow, basket willow or purple osier willow) should be installed into the biologs or in between the
placed rocks for additional stability and enhancing the projects overall appearance. Conversely, the
existing banks at Magnolia Lake should be cut back to a2:1to 3:1 slope. It is anticipated that no fill
soilswill be needed for the two project sites at thislake. The same methods employed above should
be used at Magnolia Lake. In addition, live fascines (bundles of live branch cuttings generally from
willow trees) may be installed at mid-bank for additional support and stabilization.

For these projects, it will be necessary to obtain the proper permits from the Pennsylvania
Department of Environmental Protection (PA DEP). In genera, ageneral permit (GP-3) iscommonly
issued for projects that are less than 500 linear feet and an Individua Permit for Small Projectsis
issued for projects greater than 500 linear feet.

71.2.2.2. Streambank Stabilization

In Section 5.2, several areas of streambank erosion are good candidates for restoration using soil
bio-engineering principles. These problems are shown in Figures 5.3 and 5.4 as Sites 6, 7, 9 and 10.
Overadl, streambank instability is primarily due to the lack of adequate riparian buffers consisting of
woody plant species.

At Sites 6, 9 and 10, the existing bank should be cut back and regarded to a 2:1 to 3:1 slope.
Rock should be placed at the toe of the bank (edge of water) for added protection. The re-graded
soils should be seeded with grasses. Woody plant materials, which are approved for soil
bioengineering in riparian areas, should be installed adjacent to the placed rock. Live stakes from
willow trees (e.g., black willow, basket willow or purple osier willow) should beinstalled in between
the placed rocks for additional stability and enhancing its overall appearance. This practice is
commonly referred to as “joint planting”. In addition, live fascines (bundles of live branch cuttings
generaly from willow trees) may be installed at mid-bank for additional support and stabilization.

The same approach should be applied to Site 7 except that the existing bank does not need to be
re-graded and no live fascines are required. The existing bank at this site is very flat as shown in
Figureis5.4.

Onceagain, it will be necessary to obtain the proper permits from the Pennsylvania Department of
Environmental Protection (PA DEP) for these projects. In general, a general permit (GP-3) is
commonly issued for projects that are less than 500 linear feet and an Individual Permit for Small
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Projectsisissued for projects greater than 500 linear feet.
7.2.2.3. Establishing Riparian Buffers

Riparian buffers are undisturbed vegetative stripsthat are adjacent to surface waters. Established
vegetation aong streams and lakes provide numerous benefits such as, filtering out sediments
transported by surface runoff, nutrient uptake, wildlife habitat, shading and soil binding via plant
roots. Grasses and herbaceous vegetation are best suited as filters, while woody vegetation (shrubs
and trees) provide excellent protection against bank erosion.

Riparian buffers should consist of various layers of vegetation (grasses, herbaceous vegetation,
shrubs and trees) to achieve optimal benefits. Undisturbed riparian buffers should extend a minimum
of 25 feet wide from the top of the bank along lakes and streams. This minimum distance should be
increased if adjacent slopes are steeper (Georgia Soil and water Conservation Commission).

Aqua-Link encourages al townships and the Bucks County Department of Parks and Recreation
to immediately stop all lawn mowing activities within 25 feet of al lakes and streams. By doing so,
these riparian parkland areas will become passively re-vegetated with both herbaceous and woody
vegetation.

In addition, Aqua-Link recommends that active riparian buffer restoration be targeted first in the
MC1 and QAC subwatersheds, which includes the entire perimeter of Lake Caroline (Figure 2.3). In
these subwatersheds, potential areasthat are lacking adequate riparian buffers are presented in Figure
2.6. Once again, al lawn mowing activities should be discontinued along streams and lakes. At a
minimum, a 25-foot buffer should be maintained from the top of bank for streams or from the edge of
water for lakes. Shrubs (e.g., willows, dogwoods, alder, nannyberry, winterberry) and treesthat are
approved for soil bio-engineering stabilization should be planted throughout the newly created buffer
zone. Many species of willow and dogwoods reproduce well from live cuttings and therefore may be
installed as live stakes as opposed to rooted plants.

7.2.3. Stream Channel Restoration

Severe stream channel and bank erosion are occurring along a segment of Mill Creek and one of
itstributaries near Red Rose Drive. These problem areas are shown as Sites 11 and 12 in Figures 5.3
and 5.4. This reach of Mill Creek and its unnamed tributary are considered highly incised or
entrenched. In general, the potential for erosion for these types of streams increases as streambank
height increases. The primary causes of stream channel incision are changes in the watershed or
streamside vegetation. For these streams, the mgor cause for incison is apparently related to
increased stormwater runoff volumes and velocities as a direct result of urbanization. Based upon
field observations, these stream segments are contributing large quantities of sediments and attached
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nutrients to downstream waters and represent a serious risk to nearby residents.

The unnamed tributary, Site 11, exhibits signs of severe channel downcutting. Thisincised stream
channel has very steep, vertical banks, which have effectively allowed for the stream channel to be
disconnected from its adjacent flood plain. Mill Creek, Site 12, is an incised stream segment that has
migrated up against a steep sided slope. The outer bend of the stream meander hasavertical cut of 6
to 10 feet.

One possible solution for stabilizing these two stream segmentsis stream channel reconstruction
using natural stream channd design (NSCD) principles. For example, the existing streambanks may be
regraded to include abankfull bench. A bankfull benchisatype of terrace designed to accommodate
bankfull stage. Bankfull discharge is the flow that transports the mgjority of the stream’s sediment
load over time and thereby forms the channel. On average, bankfull discharge occurs approximately
every 1.5 years or conversely, there is a 67 percent chance of having a bankfull streamflow event.
Bankfull stage, during bankfull discharge, isthe point at which flooding occurs on the floodplain (NC
State University Cooperative Extension). Riparian vegetation commonly used in soil bio-engineering
type projects should be installed throughout the newly created bankfull benches. In addition, NSCD
structures, such as Jhooks or rock vanes, may beinstalled along the outer bend of the stream channd
meander at Site 12. These structures will alow streamflow to be redirected away from the
streambank towards the center of channel.

Stream reconstruction projectstypically occur in three phases. assessment, design and permitting
and construction. The first phase requires a fluvial geomorphological (FGM) assessment to be
performed for the subject stream. This assessment involves the collection and analysis of stream and
watershed data; the critical evaluation of various design options and the identification of dl permitting
requirements. Once completed, the second phase begins where the final project design is completed
and all necessary permit applications are prepared and submitted to the appropriate agencies for
approval. After al permits have been fully secured, the third phase, stream reconstruction, may
commence after selecting a qualified contractor to construct the project.

At thistime, Aqua-Link recommends that limited stream channel reconstruction be performedin
those areas posing an immediate risk to property or the public at large. Stream channel reconstruction
on a watershed-wide basis should not occur until other key elements of this management plan are
implemented. Thisincludesretrofitting of existing stormwater control structures and the adoption of
stricter stormwater management ordinances.

Based upon the above, Aqua-Link encourages Middletown Township apply for state or federal
funding to perform aFGM assessment of Mill Creek and its unnamed tributary in the vicinity of Red
Rose Drive. These stream reaches are considered a high hazard for the public dueto the severe extent
of streambank erosion and stream channel downcutting.
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7.2.4. Soil Erosion Due to Highway Runoff

Stormwater runoff from highways may be asignificant source of sediments and attached nutrients
to receiving streams. As shown in Figure 5.3 and 5.4, Site 15 isa highly eroded intermittent stream
channel that receives stormwater runoff from Route 1. Eroded soils from this stream channel in turn
are then deposited directly into Mill Creek as previoudly shown as Site 14 in Figures 5.3 and 5.4.

At aminimum, Aqua-Link recommends that this intermittent stream channel be lined with rock
(riprap) in order to reduce stormwater velocities and soil erosion. In addition, Aqua-Link encourages
all of the municipalities and the Pennsylvania Department of Transportation (Penn DOT) to survey all
major stormwater discharges from highways and stabilize accordingly.

7.2.5. Parkland Improvements

Aqua-Link encourages the Bucks County Department of Parks and Recreation to implement
severa park improvement projects at Magnolia Lake. This recommendation is not NPS pollution
based, but is offered since Aqua-Link provided recommendations to improve lake water quality
(aeration), the lake s fishery and lake shoreline erosion.

Aqua-Link recommends that the Department should establish a designated parking lot off of
Oxford Valey Road. Currently, many visitors park their vehicles along the shoulder of Lakeland
Road to gain access to Magnolia Lake. In addition, Aqua-Link recommends that atrail system be
installed along Oxford Valley Road and Lakeland Road. Thistrail system would provide pedestrian
access from the designated parking lot to the northern and southern ends of the lake. During this
assessment, all anglers were observed fishing aong the northern and southern shorelines of the lake
due to better access.

7.2.6. Floodplain Improvements

Any excavated soils that were illegally placed or dumped into any floodplain areas should be
removed and properly disposed of elsewhere. These soilsmay decreasethe overall carrying capacity
of the floodplains to accommodate floodwater during larger storm events and may increase the
likelihood of downstream flooding and downstream bank erosion. In addition, these unstabilized
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soils may be readily transported via surface runoff to nearby streams, thereby resulting in stream
habitat and water quality degradation.

Site 4 appearsto be an area where excavated soils were routinely dumped into the floodplain of
Black Ditch (refer to Figures 5.3 and 5.4). Site 8 (Figures 5.3 and 5.4) is an area along Mill Creek
where it appears that excavated cobble from the stream channel was placed on top of the bank. Itis
speculated that cobble was removed from the stream channel to increase its overall storage capacity
during storm events. In any event, these cobble materials on top of the streambank presently have
disconnected the stream channel from its adjacent floodplain.

7.3. Institutional

7.3.1. Stormwater Management

The Bucks County Planning Commission and its consultant, Borton Lawson Engineering, are
preparing a Stormwater Management Plan for the Delaware River South watershed in accordance
with Pennsylvania Stormwater Management Act 167. The Mill (Otter) Creek watershed is a
subwatershed of the Delaware River South watershed. Under this act, each county must prepare
stormwater management plans for all of its designated watersheds with consultation of the
municipalities.

The primary object of Act 167 isto manage stormwater runoff on awatershed-wide basis rather
than on asite-by-stebasis. Historically, individual municipalities have managed stormwater runoff by
reviewing subdivison and land development plans in light of established ordinances. A key
component of the Act 167 plan will bethat municipalitieswill manage stormwater runoff using newly
created ordinances. These ordinances will be developed from amodel stormwater ordinance for the
entire watershed. The Delaware River South watershed will be divided into stormwater management
districts and assigned development and predevel opment runoff rates for each district. The Act 167
plan is scheduled for completion by June 30, 2003 (Borton Lawson Engineering 2002).

Aqua-Link recognizes the need for stricter ordinances to properly manage stormwater runoff in
the Mill (Otter) Creek watershed. At thistime, Aqua-Link recommendsthat the Planning Commission
and its consultant should consider language inits Act 167 plan to promote groundwater recharge to
itsfullest extent and to provide specific requirementsfor designing new control structuresfor smaller
sized storms (1-year, 24 hour storm) and water quality.

7.3.2. Riparian Corridor Protection

Riparian corridors are those areas immediately surrounding surface waters. When properly
maintained, riparian corridors aid in protecting water quality by filtering out pollutants from surface
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runoff and overland flow, stabilizing streambank and lake shoreline areas from erosion, providing
shade to adjacent waters, providing critical habitats for wildlife and enhancing aesthetics.

At this time, Aqua-Link recommends that all municipalities in the watershed develop and
adopt ariparian corridor protection ordinance. The ordinance is based upon establishing a riparian
corridor conservation district, which applies to al lands that are adjacent to waterways in a
municipality. The district may consist of several different zones, where permitted uses are specified
for each zone. As an example, a copy of the riparian corridor protection ordinance developed and
enacted by Doylestown Township in Central Bucks County isincluded as Appendix Jof this report.

7.3.3. Education

As part of this grant, the Bucks County Conservation District purchased lake and stream
monitoring equipment and a nonpoint source watershed model from the Terrene Institute. This
equipment and the watershed model were turned over to the Silver Lake Nature Center. In addition,
Aqua-Link developed alake ecology and watershed concepts PowerPoint presentation that will be
integrated into the highly successful environmental education program at the nature center.

Aqua-Link recommendsthat Silver Lake Nature Center with the assistance of the municipalities
and awater resources consultant devel op educational materials about homeowner best management
practices and the results of this assessment. These materials can be developed as tri-fold brochures
(fact sheets) and distributed at the municipal buildings and the nature center and possibly by mail.
Some suggested homeowner best management practices that may be presented are:

Proper Lawn Mowing Methods

Use of Low Phosphorus Lawn Fertilizers
Limiting the Use of Lawn Fertilizers
Establishing Low Maintenance Landscapes
Limiting the Use of Pesticides

Establishing & Maintaining Riparian Buffers
Use of Rain Barrels to Collect Roof Top Runoff
Illegal Disposal to Storm Sewer Drains

In addition, the Silver Lake Nature Center may elect to work with local middle or high school
student in stenciling stormwater sewer drains. This type of project, in conjunction with loca
newspaper press releases, will provide an excellent opportunity to educate the public about the Mill
(Otter) Creek watershed and its drainage patterns.
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7.3.4. Water Quality Monitoring

Baseline water quality monitoring programs for both lakes and streams are often implemented
after acomprehensive assessment has been completed. Newly acquired data are routingly entered into
the existing water quality database and analyzed. The comparison of newly acquired datato past data
iscommonly referred to as“water quality trend analysis’. Water quality trend analysisisan invaluable
tool in assessing water quality improvements or degradation over time. Hence, water quality trend
analysis provides water resource professionals and watershed stakeholders the opportunity to
carefully evaluate the overall success of any implemented in-lake and watershed restoration measures.

Aqua-Link strongly recommends that the water quality of streams and lakes continue to be
monitored annually or biannually. Monitoring should be performed at the established stream and lake
monitoring stations that were used during this assessment. All stream stations should be monitored
once again during both baseflow and stormflow conditions. All collected lake and stream samples
should be analyzed for the same parameters as described in Section 3.2 by acertified |aboratory. Itis
highly recommended that the certified laboratory use the same analytical procedures and detection
limits as cited in the approved Quality Assurance — Quality Control for the Mill Creek Watershed
Assessment (Aqua-Link, Inc. 1999).

In addition, Aqua-Link recommends that the water quality of Lake Caroline be assessed. The
same monitoring protocols of this assessment should be used for the Lake Caroline assessment. The
water quality data for Lake Caroline would then be compared to Silver and Magnolia Lakes.
Presently, Aqua-Link has no knowledge of any existing water quality data for this lake.
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8. Comprehensive Lake and Watershed Management Plan

The comprehensive lake and watershed management plan for the Mill (Otter) Creek watershed
consists of the implementation of in-lake restoration, watershed best management practices and
institutional practices. The primary goa of this management plan is to reduce nonpoint source
pollutants, namely nutrients and sediments, to streams and County-owned lakes. This management
plan is quite extensive and therefore will require a strong commitment by all watershed stakeholders
to ensure success.

Based upon information and data acquired and assessed as part of this project (Sections 1 through
6), the following recommendations are offered to the watershed stakeholdersin order to improve and
further protect stream and lake water quality in the Mill (Otter) Creek watershed. These
recommendations were ranked according to priority from 1 to 3 (highest to lowest priority).

8.1. In-Lake Restoration

Recommended in-lake restoration techniquesfor Silver and Magnolia L akes are (refer to Sections
7.1.1 through 7.1.3):

Aeration via destratification for Magnolia Lake (1)
Sediment Dredging of Silver Lake (3)
Fishery Management of Magnoliaand Silver Lakes (2)

It should be noted that sediment dredging for Silver Lake is expected not to be cost-effective until
nonpoint source sediment |oadings are significantly reduced. Thiswill only be accomplished through
the implementation of both watershed best management and institutional practices. Therefore,
sediment dredging of Silver Lake is listed as conditional and should be carefully evaluated by the
Bucks County of Parks and Recreation.

8.2. Watershed Best Management Practices

Recommended watershed best management practices for the Mill (Otter) Creek watershed are
(refer to Sections 7.2.1 through 7.2.6):

Stormwater Retrofitsin MCI and QAC Subwatersheds (1)

Lake Shoreline Stabilization (1)

Streambank Stabilization using Soil Bio-Engineering Principles (2)
Establishing Riparian Buffers (2)

Stream Channel Reconstruction of Mill Creek near Red Rose Drive (2)
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Parkland Improvements at Magnolia Lake (3)
Floodplain Improvements at Mill Creek and Black Ditch (3)

Stormwater retrofitsfirst require an assessment of the Mill Creek Inlet and Queen Anne’'s Creek
subwatersheds as shown in Figure 2.3. Aspart of thisassessment, all existing detention basins should
beidentified and evaluated for retrofitting. These structures should then be prioritized and upgraded
accordingly with either state or federal funding. During the field investigations, it is recommended
that any good, candidate sites for filter strip and infiltration device retrofits be identified for future
implementation.

Stream channel reconstruction should only be performed on alimited basisfor those areas posing
an immediate risk to property or the public at large. Stream channel reconstruction on awatershed-
wide basis should not occur until other key elements of this management plan are implemented. This
includesretrofitting of existing stormwater control structures and the adoption of stricter stormwater
management ordinances. Based upon the above, it is recommended that a fluvial geomorphological
(FGM) assessment of Mill Creek and its unnamed tributary in the vicinity of Red Rose Drive be
performed as fully discussed in Section 7.2.3.

8.3. Institutional

Recommended institutional practicesfor the Mill (Otter) Creek watershed are (refer to Sections
7.3.1 through 7.3.4):

Stormwater Management (1)

Riparian Corridor Protection (2)

Environmental Education (2)

Water Quality Monitoring of Lakes and Streams (1)

8.4. Funding Sources

Many of the recommendations offered in the comprehensive management plan are dligible for
state or federa funding. State funding may be obtained through the Pennsylvania Department of
Environmental Protection’s Growing Greener Grant Program. Federa funding may be obtained
through U.S. Environmental Protection Agency’s Section 319 (Nonpoint Source) Program and/or
National Oceanic and Atmospheric Administration’s (NOAA) Coastal Zone Management (CZM)
Program.
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If funding isnot available, the watershed stakehol ders are strongly encouraged to implement some
of the recommendations using their own financial resources. This type of watershed stakeholder
commitment isviewed highly by the above agencies and can gresatly improve the success of receiving
state and federal funding for other lake and watershed projects.
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APPENDIX A

GlISMetadata Files &
GPS Coordinate Data
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APPENDIX B

Soils and Land Use GI S Data
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APPENDIX C

Glossary of Lake and Water shed
Management Terms

Source: U.S. EPA. 1980. Clean lakes program guidance manual.
Report No. EPA-440/5-81-003. U.S. EPA, Washington, D.C.
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APPENDIX D

Lake Water Quality Data
Summarized by Aqua-Link, Inc.
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APPENDIX E

Original Laboratory Lake Water Quality Data
Reported by Laboratory
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APPENDIX F

Stream Water Quality & Discharge Data
Summarized by Aqua-Link, Inc.
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APPENDIX G

Original Stream Water Quality Data
Reported by Laboratory
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APPENDIX H

Hydrologic Budget I nfor mation
& Calculations
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APPENDIX |

Pollutant Budget & Modeling Calculations
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APPENDIX J

Example Riparian Corridor
Protection Ordinance
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