
 
 
 
 



 
 
 

MEMORANDUM 
 
 
 
TO:  Christina Basin Water Quality Management Committee 
 
FROM: Jerry Kauffman 

Phone:  302-831-4925 
Fax:      302-831-4934 
e-mail:  jerryk@udel.edu 

 
DATE:  April 2, 1998 
 
SUBJECT: Draft Phase I and II Report 
 
Enclosed for your review is the final draft Phase I and II Report for the Christina Basin Water 
Quality Management Strategy.  Please mail, fax, phone, or e-mail your comments to me by 
Friday April 24, 1998.  After receiving the comments, we will revise and distribute the final 
report to you one week prior to our May 21, 1998 Committee Meeting which will be held at the 
WRA offices at the University of Delaware.  We hope to approve the final report at our May 
Committee Meeting.  Please note the final report will include the following: 
 
1. Cross-reference table of contents, figures, tables, maps, etc.  Editing grammar, spelling, 
 and format for consistency. 
 
2. Color report cover, maps, and figures. 
 
3. Complete maps and data base tables for Maps 1 (Geology), 2 (Soils), 3 (Outfalls/Intakes), 
 5 (Land Use), 6 (Zoning), 9 (Hazardous Waste), and 10 (BMP's).  The final maps will be 
 retitled "Christina Basin Water Quality Management Strategy" to reflect emphasis in 
 point and nonpoint sources.  Complete the population density table. 
 
Thank you for your support involving clean water in the Christina Basin. 
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 CHAPTER 1.  PHASE I & II STRATEGY 
 
 
1.1  INTRODUCTION 
 

This  report summarizes Phase I and II of a 5-year Water Quality Management Strategy for 
the  Christina River Basin.  The first two phases of work were conducted during 1995, 1996 and 
1997 and include a watershed inventory, preliminary water quality assessment, and public 
education/outreach effort crafted to identify and understand the sources of pollutant loads entering 
drinking water streams.  This strategy is designed as a watershed-based, multi-agency, interstate 
approach toward improving the water quality of Christina Basin streams which provide drinking 
water for over a half-million people in Pennsylvania, Maryland and Delaware.  The 5-year water 
quality strategy is expected to culminate in the year 2000 with the adoption of Total Maximum Daily 
Loads (TMDL) for the major streams of the Christina River Basin and completion of a watershed 
management plan. 
 

The Christina Basin Water Quality Management Strategy is especially important given the 
recent national "Clean Water Action Plan" announced by the President of the United States.  The 
President's "Clean Water Action Plan - Restoring and Protecting America's Waters" dated February 
1998, reports that 40% of U.S. waters assessed do not meet water quality goals.  Half of the nation's 
2000 major watersheds have serious or moderate water quality problems.  Fortunately, watershed 
management, such as the strategy underway in the Christina River Basin, is available to address 
water quality problems. 
 
1.2  DESIGNATED STREAM USES 
 

Clean water in the streams of the Christina River Basin is required to sustain the diverse 
human, ecological, aesthetic, and recreational resources of the watershed.  The quality of life, health, 
and vitality of citizens and businesses of New Castle County, Delaware;  Chester County, 
Pennsylvania; and small portions of Cecil County, Maryland are also dependant upon these waters.  
The four major streams in the 565-square mile Christina Basin include the Brandywine Creek, White 
Clay Creek, Red Clay Creek and the Christina River.  The headwaters of these streams form in 
Pennsylvania and Maryland and flow through the Piedmont hills of northern New Castle County in 
Delaware to the Delaware River at Wilmington (Figure 1-1).   
 

Preservation of the quality of ground and surface waters is important, as they provide 75 
percent of the public water supply for residents in New Castle County, Delaware and much of the 
water supply withdrawals in Chester County, Pennsylvania (CCPC, 1996 and WRANCC, 1997).  
Waters of the Christina Basin provide close to 100 million gallons per day in public water supplies 
to more than a half-million people in the three States.  The following public water suppliers 
withdraw surface and/or ground water from the Christina River Basin for domestic, commercial and 
industrial use. 
 
Delaware 

•  Artesian Water Company (ground water)  
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•  City of Newark (surface and ground water) 
•  United Water Delaware (surface water) 
•  City of Wilmington (surface water). 

 
Pennsylvania  

•  West Grove Borough (ground water) 
•  Avondale Borough (ground water) 
•  Kennett Square Borough (ground water) 
•  Downingtown Municipal Water Authority (surface water)  
•  City of Coatesville Authority (surface water) 
•  Philadelphia Suburban Water Company (surface and ground water) 
•  Lukens Steel (surface water) 
•  Embreeville Hospital ( surface water). 

 
In addition to water supply, the streams of the Christina Basin provide many recreational and 

ecological opportunities as well as important habitats for wildlife, aquatic life, and plant life.  The 
stream corridors provide valuable recreation such as fishing, canoeing, and hiking for residents of 
the watershed.  The cool waters support an abundant fishery for species such as rainbow/brown 
trout, smallmouth bass, and white perch.  Nature lovers can enjoy the natural beauty which includes 
an abundance of wildlife from wood ducks to bog turtles to the graceful Great Blue Heron.  In 
Delaware, 30,000 legal-sized trout are stocked annually in Christina Basin waters.  Over 2700 trout 
stamps are sold to Delaware anglers to fish these waters.  Canoe liveries report many canoeists ply 
their craft over Brandywine rapids.  In Delaware, approximately 8,400 registered boats are owned by 
Christina Basin mariners.  And the Parks and Recreation Department of both States report many 
visitors enjoy the open space in the Christina Basin for recreation pursuits (DNREC, 1997). 
 
     According to the "State of Delaware Surface Water Quality Standards (as amended February 26, 
1993)", the streams in the Christina Basin provide the following designated uses: 
 

•  Public, Agricultural and Industrial Water Supply 
•  Primary and Secondary Contact Recreation 
•  Fish, Aquatic Life and Wildlife 
•  Cold Water Fish (Put and Take) 
•  Waters of Exceptional Recreational or Ecological Significance (ERES). 

 
    According to Chapter 93 of the "Pennsylvania Water Quality Standards," the designated uses for 
streams in the Christina Basin include: 

 
•  Potable, Industrial, and Livestock Water Supply      
•  Irrigation 
•  Water Contact Sports and Aesthetics 
•  Boating and Fishing 
•  Wildlife Water Supply 
•  Trout Stocking and Warmwater Fishes 
•  Cold Water and Migratory Fishes  
•  High Quality (HQ) and Exceptional Value (EV) Waters. 
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1.3  WATER QUALITY PROBLEMS 
 

Water quality and the biological health of the Christina Basin streams are becoming stressed 
due to rapid growth and increased utilization of the streams for water supply and wastewater 
discharges.  Currently, some streams in the Christina Basin exhibit impaired water quality and 
habitat primarily due to impacts from human-related activities (DNREC, 1994).  The major water 
quality problems in the lower reaches of the Brandywine Creek are due to elevated levels of 
suspended sediment, bacteria, nitrogen and phosphorus.  Surface water in the main stem of the Red 
Clay Creek is impaired due to high levels of bacteria, nutrients, metals, and organics. Impaired water 
quality in the lower reaches of the White Clay Creek primarily in Delaware is due to elevated 
nutrients, bacteria, temperature and suspended solids. According to the "Habitat Quality of Delaware 
Nontidal Streams" published in 1994, 39 percent of the nontidal streams in the Piedmont of 
Delaware have "poor" habitat (DNREC, 1994).  Both states have posted fish consumption advisories 
along the Brandywine Creek, Red Clay Creek, and tidal Christina River due to unacceptable levels 
of PCB's, chlordane, and dioxin found in fish tissue and sediment (DNREC and PADEP, 1997). 
 

Impaired surface water quality and habitat is attributed to point and nonpoint sources of 
pollutants which enter the streams of the Christina Basin.  Point (end-of-pipe) sources of pollutants 
include combined sewer overflows (CSO's) and municipal/industrial wastewater discharges.  Non-
point sources of pollutants include stormwater runoff from land development, active construction, 
unmitigated contaminated sites, commercial/industrial sites, roads/highways, turf, recreation, golf 
course facilities, agriculture activities, and eroding stream banks.  In addition, non-point sources 
include diffuse contributions of pollutant loads carried to the streams by ground water, such as septic 
disposal systems, subsurface contamination from hazardous waste sites, old landfills, and 
agricultural chemicals.  The identification and inventory of the point and non-point sources of water 
pollution is one of the objectives of this Christina Basin Water Quality Management Strategy. 
 
1.4  PRIORITY WATERSHED STATUS 
 

The Federal Clean Water Act's Section 319 Nonpoint Source Pollution Management 
Programs of Delaware and Pennsylvania have identified priority watersheds for water quality 
assessment in the Christina Basin.  The Delaware DNREC Division of Soil and Water Conservation 
has identified the White Clay Creek and Christina River as priority watersheds for funding and 
implementation in New Castle County (DNREC, 1995).  The Pennsylvania Department of 
Environmental Protection, Bureau of Watershed Conservation has identified  the White Clay Creek 
and Red Clay Creek as high priority watersheds based on a list of 104 watersheds in the 
Commonwealth (PADEP, 1994).  The Delaware Estuary Program has identified the Christina Basin 
as a priority watershed for non-point source pollutant reduction (DELEP, 1997). 
 
1.5  INTER-STATE WATER QUALITY STRATEGY 
 

In recent history, Delaware and Pennsylvania had disagreements regarding disparate water 
quality standards in the Christina Basin.  In 1993, the U.S. Environmental Protection Agency 
mediated and recommended that the Delaware River Basin Commission bring the two States 
together and create the Christina Basin Water Quality Management Committee  to resolve water 
quality problems involving the Christina Basin streams in Delaware and Pennsylvania.  The 
fundamental purpose of this watershed-based effort is to coordinate the surface water quality 
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management policies of Pennsylvania, Delaware and the Federal government within the Basin. The 
Christina Basin Water Quality Management Committee developed a unified 5-year strategy toward 
improving the quality of these streams which supply drinking water to residents on both sides of the 
Pennsylvania and Delaware state line.  Agencies and stakeholders represented on this multi-State 
Committee include the: 
 

•  Brandywine Valley Association (BVA)/Red Clay Valley Association (RCVA) 
•  Chester County Conservation District (CCCD) 
•  Chester County Health Department (CCHD) 
•  Chester County Planning Commission (CCPC) 
•  Chester County Water Resources Authority (CCWRA) 
•  Delaware Dept. of Natural Resources and Environmental Control (DNREC) 
•  Delaware Nature Society (DNS) 
•  Delaware River Basin Commission (DRBC)    
•  New Castle Conservation District (NCCD) 
•  Pennsylvania Department of Environmental Protection (PADEP) 
•  U. S. Environmental Protection Agency (Region III) (USEPA) 
•  U. S. Geological Survey (USGS) 
•  U. S. Natural Resources Conservation Service (USDA-NRCS) 
•  Water Resources Agency for New Castle County (WRANCC) 

 
In 1994, the Pennsylvania DEP, Delaware DNREC, and USEPA identified the Chester 

County Conservation District, Chester County Water Resources Authority and Water Resources 
Agency for New Castle County as local coordinators for the Christina River Basin.   In March 1995, 
the CCCD and WRANCC prepared a work plan and proposal for Phase I of the Christina Basin 
Water Quality Management Strategy for consideration by the Committee.  On May 15, 1995 the 
Committee approved the first phase of the program to include a watershed inventory, design of a 
stormwater monitoring program, and a public education/outreach program. Watershed data collected 
during the initial phases of work will be used as input for the Christina Basin TMDL model.  In 
September 1995, the Delaware DNREC with funding assistance from USEPA and Pennsylvania 
DEP authorized $166,000 in Section 319 funds to the Committee to commence Phase I of the 5-year 
program.  In September 1996, the Pennsylvania DEP awarded $82,000 in Section 319 funds for 
Phase II of the strategy. 
 
1.6  TMDL APPROACH 
 

The Christina Basin Water Quality Management Committee plans to address point and non-
point source water quality problems through two approaches:  (1) voluntary watershed/water quality 
planning and management and  (2) a Total Maximum Daily Load (TMDL) approach.  Section 303(d) 
of the 1972 Federal Clean Water Act (CWA), as amended, requires the development of TMDL's for 
all stream segments not meeting water quality standards after the implementation of technology 
based effluent controls.  In 1996, The Widener School of Law, on behalf of the American Littoral 
Society and the Sierra Club, filed a federal complaint with EPA asking the Court to order 
Pennsylvania and Delaware to establish TMDL's for water quality limited segments.  In 1996, the 
DNREC and PADEP published a Section 303(d) list which set a deadline for completion of a TMDL 
in main stem segments of the Christina Basin by the year 2000.  In 1997, the DNREC and USEPA 
signed an interagency Memorandum of Understanding which established deadlines for completion 



 
 1-6 

of the TMDL's.  The Christina Basin TMDL will be the second completed in the State of Delaware.  
The first TMDL in Delaware was completed in the Appoquinimink River watershed in 1997. 
 

The Total Maximum Daily Loads (TMDL) for the Christina Basin will include three 
components - a waste load allocation (WLA), a load allocation (LA), and a margin of safety (MOS). 
 The waste load allocation is the portion of the TMDL that is allocated to point sources such as end-
of-pipe wastewater discharges.  The WLA is being developed by collecting stream water quality data 
at 33 in-stream monitoring stations in the Christina Basin.  The stream water quality data will be 
combined with NPDES wastewater discharge data using a Low-Flow, Point Source WASP receiving 
water model.  The Load Allocation is the portion of the TMDL that is allocated to non-point sources 
and natural background conditions.  Load allocations will be developed by collecting land use, soils, 
and stormwater monitoring data and inputting them into an HSPF nonpoint source model.  The third 
component of the TMDL is the margin of safety which is set aside to account for uncertainty in the 
allocation process.  The complex TMDL will consist of the following components in the Christina 
River Basin. 
 
TMDL = WLA + LA + MOS 
 
Where: 
 
TMDL = The Total Maximum Daily Load which is the maximum amount of a pollutant that 

can be put into the water body without violating water quality standards. 
 
WLA = Waste Load Allocation which is allocated to point sources through a low flow, 

WASP receiving water model. 
 
LA =  Load Allocation allocated to nonpoint sources through a high flow, HSPF 

hydrodynamic and water quality model.   
 
MOS = The Margin of Safety set aside to account for uncertainty in the allocation process. 
 

By the year 2000, the completed TMDL may recommend reductions in point and nonpoint 
source loads to meet water quality standards in the Christina River Basin.  Point-source reduction 
programs may include modified effluent limits and/or improvements to NPDES wastewater 
treatment plants.  Non-point source reductions may be achieved through structural, nonstructural, 
and institutional best management practices (BMP's) such as detention ponds, reforestation, 
agricultural conservation and riparian stream buffers to control stormwater runoff and reduce water 
quality impacts to the receiving streams in the Christina Basin.  A major emphasis will be placed on 
public involvement to facilitate BMP implementation. 
 
1.7  COMPATIBILITY 
 

The Water Quality Management Strategy is designed for compatibility and to avoid 
redundancy  with existing water-quality programs in the Christina River Basin.  The Strategy is 
especially designed to coordinate the initiatives of the Delaware DNREC Piedmont Whole Basin 
Program and the Chester County Water Resources Management Plan.  The Strategy is also designed 
to support watershed management efforts of volunteer and non-profit organizations that are consistent 
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with the goals and objectives of this strategy.  The Christina Basin Strategy will be integrated with 
the following initiatives: 
 

•  Delaware DNREC Piedmont Whole Basin Program 
•  USGS/Chester County Cooperative Monitoring Programs and Studies 
•  Water Resources Management Plan for Chester County, Pennsylvania 
•  Delaware Estuary Program Comprehensive Management Program 
•  Pennsylvania Act 167 Stormwater Management Requirements 
•  Section 319 Non-Point Source Program for the States of Delaware and Pennsylvania 
•  U. S. EPA NPDES Part 2 Stormwater Permit Application for  
     New Castle County, Delaware and Delaware DOT 
•  Red Clay/White Clay Creeks, PL 83-566 Project 
•  White Clay Creek Wild and Scenic River Study, Watershed Management Plan 
•  Combined Sewer Overflow Study for Wilmington, Delaware 
•  Governor's Task Force on the Future of the Brandywine and  
     Christina Rivers, A Vision for the Rivers, Delaware 
•  WATER 2000/2020 Plan for New Castle County, Delaware 
• Volunteer stream watch and monitoring programs such as the Brandywine Valley             

Association, White Clay Watershed Association, Red Clay Valley Association, Christina   
Conservancy, Delaware Nature Society, Brandywine Conservancy, and Stroud Water       
Research Laboratory 

• Local municipal watershed/water quality initiatives. 
 

1.8  MISSION STATEMENT/OBJECTIVES 
 

The mission of the Christina Basin Water Quality Management Strategy is to complete a five-
year program to: (1) identify point and nonpoint source pollutants in the watershed, (2) establish 
achievable water quality goals for the watershed, and (3) develop and implement a water quality 
management plan to achieve and maintain water quality utilizing public outreach and consensus 
building among the public and all stakeholders. 
 

The purpose of the Christina Basin Strategy has evolved into 4 distinct objectives: 
 
1. Develop Water Quality Goals for the Watershed (i.e. Complex TMDL's) 

a. Point source modeling and water quality goals 
b. Nonpoint source stormwater modeling and water quality goals 
c. Integrate the point and nonpoint source TMDL's to create the complex TMDL's for the 

watershed 
 
2. Provide Effective Demonstration Best Management Practices (BMP's) 

a. Riparian buffers 
b. Reforestation 
c. Agriculture conservation 
d. Stream reforestation 
e. Stormwater/wetland management 
f. Institutional tools for municipal ordinances, zoning and planning 
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3. Stakeholder Involvement (Public/Local Government Water Suppliers/Discharges/Land        
Owners) 
a. Introduce stakeholders to the Christina Basin Initiative  
b. Educate stakeholders regarding their individual responsibility to water quality management 
c. Involve stakeholders in process of finalizing water quality goals and development of a 

watershed management plan 
 
4. Develop and Implement a Christina Basin Watershed Management Plan 

a. Utilize the regulatory TMDL Plan 
b. Stress a voluntary, consensus driven approach 
c. Emphasize responsibilities of all stakeholders 

 
1.9  5-YEAR WATER QUALITY MANAGEMENT STRATEGY 
 
 The Christina Basin Water Quality Management Committee plans to accomplish the Strategy 
during several phases over a 5-year period. The duration of each phase will be approximately one 
year. The 5-year program began in September 1995 and is expected to extend through 2000: 
 
Phase I - Water Resource Inventory/Public Education/Demonstration BMP's  (1996) 
 

•  Inventory and map watershed resources such as land use, soils and other data. 
•  Collect stream water quality data at over 33 monitoring stations for the point source 

effort. 
•    Assess existing surface water quality on a stream by stream basis. 
•   Evaluate adequacy of existing local stormwater management ordinances to control 

runoff quality. 
•   Estimate stormwater pollutant loads and percent impervious cover and existing land 

uses for the subwatersheds utilizing the Schueler "Simple Method." 
•  Select subwatersheds for implementation of demonstration BMP's in the Delaware 

and Pennsylvania portions of the Basin. 
•  Design a stormwater monitoring program to characterize representative stormwater 

quality in priority subwatersheds. 
•  Develop public outreach and education initiatives. 
•  Prepare a Phase I Watershed Report. 

 
 
Phase II - Stormwater Monitoring/TMDL Watershed Model/Public Education (1997) 
 

•  Input the watershed inventory into a GIS format and disseminate the mapping and 
data to agencies and the public. 

•  Implement the stormwater monitoring program to characterize representative 
stormwater pollutant loads from various land uses. 

•  Initiate development and calibration of the TMDL Models to include a point source, 
low flow WASP receiving water model and a nonpoint source high flow HSPF 
model. 

•  Develop guidance and sample language for use in stormwater, soil erosion, sediment 
control, and subdivision/zoning codes and ordinances. 
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•  Expand and continue the public outreach/education program through the Christina 
Basin Task Force. 

•  Implement demonstration BMP's in the watershed. 
•  Prepare a Phase II Watershed Report. 

 
Phase III - TMDL Model/Demonstration BMP's/Public Education (1998) 
 

•  Update the GIS Watershed inventory to include future land uses and biological 
stream health data. 

•  Finalize the Point Source WASP receiving water model.  Complete calibration of the 
 nonpoint source HSPF model. 

•  Continue to implement Demonstration BMP's and monitor the status and 
effectiveness of previous demonstration projects. 

•  Continue stormwater quality monitoring to characterize pollutants in nonpoint source 
runoff. 

•  Expand the public outreach/education program including newsletters and a series of 
evening outreach meetings. 

•  Prepare Phase III Watershed Report. 
•  Develop the scope of a watershed management plan. 

 
Phase IV - TMDL Negotiation (1999) 
 

•  Complete the low flow WASP and high flow HSPF models. 
•  Develop a draft TMDL for the Christina Basin. 
•  Develop a draft watershed management plan. 

 
Phase V - Comprehensive Watershed Management Plan (2000) 
 

•  Hold public information hearings and meetings on the TMDL. 
•  Finalize adoption of the TMDL incorporating public input. 
•  Finalize a watershed management plan to manage water quality throughout the 

Christina Basin based on the adopted TMDL approach and associated point and non-
point source load reductions. 

•  Continue stormwater monitoring to measure effectiveness and implementation of the 
watershed. 

•  Continue public involvement program. 
•  Coordinate the watershed management plan with other State/Federal programs and 

all private/public stakeholders. 
•  Prepare final report summarizing Phases I through V. 

 
 
 
Implementation 
 

•  Continue implementation and update of the watershed management plan and 
coordinate stakeholder programs and activities. 
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1.10  PHASE I and II   SCOPE OF WORK 
 
 Phases I and II of the Christina Basin Water Quality Management Strategy were conducted 
during 1995, 1996 and 1997 according to the following scope of work: 
 
Task 1 - Project Management 
 
Task 1.1 - The Water Quality Management Committee met bi-monthly to review the progress of 
work. The Committee was chaired by the Chester County Conservation District (CCCD) and the 
Water Resources Agency for New Castle County (WRANCC) with overall mediation by the 
Delaware River Basin Commission (DRBC) and the U.S. Environmental Protection Agency 
(USEPA).  
 
Task 1.2 - Develop a detailed work plan for Phase I outlining project tasks, budget, milestones, and 
roles of contracting and subcontracting agencies. The work plan was prepared by the CCCD and the 
WRANCC incorporating proposals from the various cooperating agencies. Memoranda of 
Understanding (MOU) by the participating agencies were prepared following approval of the final 
scope of work. 
 
Task 1.3 - Form a Watershed Inventory Technical Work Group responsible for the collection and 
organization of data using a Geographic Information System (GIS) in an ARC/INFO format. The 
work group defined the roles of lead agencies and sources of data as required under Task 2 
(Watershed Inventory). The work group included staff from agencies with GIS capability such as the 
WRANCC, CCWRA, CCPC, NCCD, USGS and others. 
 
Task 2 - Watershed Resource Inventory 
 
Task 2.1 - Prepare a digital base map of the Christina River Basin delineating 
watershed/subwatershed boundaries, streams/hydrology, reservoirs, roads and state/county/municipal 
boundaries. The base map and data base were prepared using an ARC/INFO data management 
system.  Thirty eight (38) subwatersheds, each approximately 5 to 30 square miles in area, were 
delineated on the base mapping for the 565-square mile Christina Basin. The data were organized in a 
format consistent with the input requirements of the WASP and HSPF watershed models which will 
be assembled during later phases of the strategy. 
 
Task 2.2 - Inventory watershed resource data on a series of GIS map overlays for the Christina River 
Basin.  Watershed data will be used to identify nonpoint pollutant sources, estimate pollutant loads, 
and construct a nonpoint source load model during future phases of work. The following series of 
maps were prepared in a digital format: 
 
 
 

•  Base Map 
    •  Map 1 - Geology 

•  Map 2 - Soil Associations 
•  Map 3 - Outfalls/Intakes 
•  Map 4 - Topography 
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•  Map 5 - Land Use 
•  Map 6 - Zoning 
•  Map 7 - Water Resource Areas 
•  Map 8 - Parks/Open Space/Protected Lands 
•  Map 9 - Potential Contaminant Sources 
•  Map 10 - Best Management Practices 
•  Map 11 - Stream Water Quality 
•  Map 12 - Fish Consumption Advisories 
•  Map 13 - Total Suspended Sediment (TSS) Loads 
•  Map 14 - % Impervious Cover 
•  Map 15 - % Agricultural Area 
•  Map 16 - % Wooded Area 
•  Map 17 - Watershed Pollution Potential 

 
Task 2.3 - Review the data collected during the Watershed Inventory for consistency with WASP 
and HSPF format requirements. This included checks of each of the digital coverages and correction 
of minor errors. The subwatershed delineations conducted during task 2.1 were reviewed and revised 
to reflect current drainage patterns. 
 
Task 2.4 - Using the ARC/INFO data management system, derive estimates of population density 
using census data (persons/square mile) and percent imperviousness  for each of the 38 
subwatersheds in the Christina Basin. Estimates of percent imperviousness were compiled in a 
format consistent for input to an HSPF model. 
 
Task 3 - Water Quality Assessment 
 
Task 3.1 - Review and assess existing reports  and monitoring data to identify water quality 
problems on a reach-by-reach basis.  The assessment catalogued existing water quality data in a 
digital format and summarized was data "gaps" which will require further surface water and 
stormwater monitoring. Existing data will be collected from DNREC, DRBC, PADEP, USGS, 
CCWRA, USEPA - STORET, Private/Public Water Utilities, and stream watch programs conducted 
by the nature society and watershed associations. 
 
Task 3.2 - Summarize existing water quality information graphically on a digital map of the 
Christina Basin. The map delineates stream reaches with poor, fair, and good water quality. 
 
Task 4 - Inventory Stormwater Management Programs 
 

 Task 4.1 - Review and evaluate existing State, County, and Municipal stormwater management 
programs for effectiveness in controlling non-point source runoff within the Christina Basin.  This 
work will be conducted by the Delaware DNREC and the PADEP. The following programs were 
reviewed within New Castle County, Delaware; Chester County, Pennsylvania; and Cecil County, 
Maryland: 

 
•  Stormwater/Floodplain Ordinances 
•  Soil Erosion/Sediment Control Regulations 
•  Zoning/Subdivision Codes. 
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Task 4.2 - Recommend necessary modifications to existing stormwater management programs to 
reduce the quantity and improve the quality of runoff. 
 
Task 5 - Estimate Stormwater Pollutant Loads 
 
Task 5.1 - Select representative mean concentrations (mg/l) of total suspended sediment using 
USEPA, National Urban Runoff Program (NURP), Chesapeake Bay Program, and other literature 
values. 
 
Task 5.2 - Utilize the GIS to estimate annual pollutant loads from non-point sources from each 
subwatershed in the Christina Basin using a modification of the following "Simple Method" model by 
Schueler, 1987: 
 
   L = (A)(P)(R)(C)(0.226) 
 
   Where: 
  
   L = Annual Pollutant Load (lb.) 
   A = Subwatershed Area (acres) 
   P = Annual Precipitation (in.) 
   R = % Impervious for existing land uses including: 
       - Protected Lands 
       - Wooded Areas 
       - Commercial, Industrial, Office, Manufacturing 
       - Low, Medium, High Density Residential 
   C = Mean Pollutant Concentration (mg/l) 
   0.226 = Conversion Factor 
 
Task 6 - Prioritize and Rank Subwatersheds by Pollutant Potential 
 
Task 6.1 - Using the "screening" model, summarize stormwater pollutant load estimates (lb./acre/yr.) 
in tabular and graphical form by: 
 

•  Subwatershed 
•  Pollutant 
•  Land Use. 

 
Task 6.2 - Based on the estimates of total suspended sediment loads and other environmental 
indicators, estimate the pollutant potential of the subwatersheds to assist in prioritizing demonstration 
BMP's in future phases of the Christina Basin Water Quality Strategy.  Rank the subwatersheds from 
highest to lowest based on the annual pollutant load estimates.  
 
Task 6.3 - Modify the ranking of subwatersheds based on total loads from the screening model by 
utilizing:  
 

•  Stream Water Quality Monitoring Data  
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•  % Impervious Cover, % Wooded, % Agriculture, and relative TSS loadings  
•  Watershed Prioritization Report prepared by the CCCD in the Brandywine  
     Creek Watershed 
•  Best Professional Judgement of Committee Members 

 
Task 7 - Design a Stormwater Monitoring Program 
 
Task 7.1 - Design a stormwater monitoring program to characterize nonpoint source loads from 
representative land uses in the Pennsylvania and Delaware portions of the Christina Basin.  Actual 
stormwater monitoring was initiated during the Fall of 1997. 
  
     The goal of the stormwater monitoring program is to collect representative pollutant load data 
from sub-watersheds that are mostly homogeneous with respect to land use.  The pollutant load data 
will be used as input data for the HSPF model which will be used for the nonpoint source component 
of the TMDL model.  The design of the stormwater monitoring program includes the following 
components: 
 

•  Monitoring station location in priority subwatersheds 
•  Monitoring for base flow and storm events 
•  Siting of monitoring stations based on existing water quality and flow data 
•  Number of sampling stations 
•  Station installation/calibration 
•  Sampling frequency  
•  Representative storm criteria (mean storm depth/duration) 
•  Precipitation gage location and design 
•  Selected pollutants for sampling and lab analysis 
•  Design of sediment sampling stations 
•  Method of sampling  

      - grab or composite flow weighted 
      - manual or automatic sampling 

•  Laboratory analytical and QA/QC procedures 
•  Sampling crew responsibilities and roles 

 
Task 7.2 - Compile historical meteorological data for the Christina Basin in an HSPF-compatible 
format to include precipitation, temperature and evaporation. 
 
Task 7.3 - Compile historical and current flow and discharge data in an HSPF-compatible format for 
the Christina Basin. 
 
Task 7.4 - Compile existing stream channel, slope roughness, and cross-sectional area data for the 
Christina Basin. 
 
Task 7.5 - Develop a Stormwater Monitoring Procedures Manual summarizing the sampling and 
analysis program to be conducted during future phases. Excerpts from existing publications will used 
to develop the manual for the Christina Basin.  
 
Task 8 - Public Outreach/Education Program 
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Task 8.1 - Conduct a public outreach and education program to inform landowners concerning the 
need to implement BMP'S. The education program was conducted by the Chester County 
Conservation District with assistance by the USEPA Regional Administrator's staff and DRBC and 
include the following components: 
 

•  Document progress and success of the Christina Strategy 
•  Inform citizens about BMP's such as fertilizers/pesticide management, septic systems 
     operation, and riparian buffer protection 
•  Sustainable Development Planning  
•  Instill in citizenry a sense of stewardship in the Christina Strategy. 

 
Task 8.2 - Retain a part-time coordinator for the Public Education Component.  The Brandywine 
Valley Association was engaged to conduct the work. 
 
Task 8.3 - Develop and distribute a quarterly Christina Basin Strategy newsletter. 
 
Task 8.4 - Conduct an annual workshop on water quality issues in the Christina Basin. 
 
Task 8.5 - Conduct public meetings to review progress. 
 
Task 8.6 - With assistance by USEPA and DRBC, prepare quarterly press releases  describing project 
progress. 
 
Task 8.7 - Prepare Christina Basin brochures and factsheets. 
 
Task 8.8 - Provide funding for at least one demonstration project utilizing BMP's in each State's 
portion of the Christina Basin.  The CCCD implemented the BMP demonstration projects in the 
Pennsylvania portion of the Christina Basin. The  City of Newark, with assistance by the NCCD and 
WRANCC, implemented the BMP demonstration project in the Delaware portion of the Basin. The 
demonstration projects consist of the following: 
 

• Pennsylvania - Riparian Buffer, Reforestation, Agriculture Conservation. 
  

• Delaware - Install and measure the effectiveness of a Natural Stream Restoration 
Projectutilizing bioengineering, native vegetation, and reforestation techniques along the 
Upper Christina River in the City of Newark. 

  
Task 9 - Prepare Phase I and II Report 
 
Task 9.1 - Prepare a draft Phase I and II report summarizing: 
 

•  Watershed Resource Inventory 
•  Water Quality Assessment  
•  Review of Stormwater Management Ordinances 
•  TSS Load Estimates 
•  Subwatershed Prioritization 
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•  Stormwater Monitoring Program Design 
•  Public Outreach/Education Program 

    
Task 9.2 - Circulate the draft report for review and comment by the Christina Basin Water Quality 
Management Committee and the public. 
 
Task 9.3 - Prepare a final Phase I and II report and submit to USEPA-Region III, Delaware DNREC, 
and Pennsylvania DEP in accordance with Section 319 program grant procedures. 
 
1.11  FUNDING 
 

The USEPA distributed funds from Section 319 of the Clean Water Act to the States of 
Delaware and Pennsylvania under a unique arrangement for the first two phases of the Christina 
Basin Strategy.  The Delaware DNREC, Division of Soil and Water Conservation administered the 
Section 319 funds during Phase I of the project in 1995 and 1996.  A local match was required for 
funds distributed under the DNREC Section 319 program.  During Phase II in 1997, the Pennsylvania 
DEP, Division of Watershed Conservation administered the Section 319 funds.  A local match is not 
required for funds administered by the PADEP.  The USEPA provided additional funding support 
including contract support for watershed training, $30,000 for HSPF training, and $5,000 for 
consultation to the Christina Basin Committee.  Table 1-1 provides a funding summary of the first 
two phases of the Christina Basin Water Quality Management Strategy. 
 

In addition, Chester County (CCHD, CCWRA, County Commissioners) and the USGS 
cooperatively funded several stream gage instrumentation sites and monitoring programs that 
contributed directly to this project (Table 1-2).  These data are provided to municipalities, water 
suppliers, and stakeholders for related water resources management in the Brandywine, Red Clay, 
and White Clay Creeks watersheds.  These programs have been cooperatively funded for over 20 
years.  In addition, Chester County and the USGS have cooperatively funded numerous other studies 
and interpretative reports in the Christina Basin, including an updated low flows statistical analysis of 
stream base flow, radon in ground water, biological data report, and biological trends analyses that 
will be published in 1998 and 1999. 
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2. WATERSHED INVENTORY 
 
2.1 GIS APPROACH 
 

The Water Quality Management Committee compiled a watershed inventory consisting 
of existing data for the Christina Basin.  The inventory includes a summary of watershed data on 
a series of map overlays in a digital format.  The purpose of the watershed inventory is to: 
 

•  Consolidate data from the 3 States in the Christina Basin in a cohesive format 
•  Identify point and non-point sources of pollutants 
•  Define environmental indicators of watershed and stream health 
•  Estimate pollutant loads 
•  Prioritize subwatersheds for monitoring and implementation 
•  Compile data for use in a TMDL watershed model in latter phases 

 
The Water Resources Agency for New Castle County (WRANCC) compiled the 

watershed inventory including a base map and 10-map series using the ARC-INFO Geographic 
Information System (GIS).  A Technical Committee was established to provide data in a paper-
map and digital format to the WRANCC.  The data was organized in a format consistent with the 
input requirements of the WASP point source and HSPF nonpoint source models which will be 
used for the TMDL approach.  Various Federal, State, and Local agencies provided data.  Table 
2-1 summarizes the map layers, responsible agencies, and data sources for the watershed 
inventory effort. 
 

The following 11-map series was compiled in a digital format with attributed data layers:  
 

•  Base Map 
•  Map 1 - Geology 
•  Map 2 - Soils 
•  Map 3 - Outfalls/Intakes/Discharges/Monitoring Sites 
•  Map 4 - Topography 
•  Map 5 - Land Use  
•  Map 6 - Zoning  
•  Map 7 - Floodplains/Wetlands/Groundwater Protection 
•  Map 8 - Parks and Open Space Areas 
•  Map 9 - Hazardous Waste, Superfund, Landfill Sites 
•  Map 10 - Existing Best Management Practices 
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To date, the Water Resources Agency for New Castle County has distributed the GIS 
watershed maps in a digital and paper format to the following agencies and members of the 
public: 
 

  1.  Berkshire Area Planning Commission 
  2.  Brandywine Conservancy 
  3.  Brandywine Valley Association 
  4.  Cahill, Mr. Tom 
  5.  City of Newark 
  6.  City of Wilmington 
  7.  Chester County Conservation District 
  8.  Chester County Planning Commission 
  9.  Chester County Water Resources Authority 
10.  Delaware DNREC 
11.  Delaware Estuary Program 
12.  Delaware River Basin Commission 
13.  DuPont Company Experimental Station 
14.  East Nantmeal Planning Commission 
15.  Gordon, Ms. Angie 
16.  Hall, Mr. Bill 
17.  Louis Berger, Associates 
18.  McCarter, Ms. June 
19.  McLaughlin, Ms. Suzan 
20.  New Castle County Conservation District 
21.  New Castle County Land Use Department 
22.  Pennsylvania DEP 
23.  Pennsylvania State University 
24.  Philadelphia Water Department 
25.  Reese, Mr. Ed 

  26.   Shapiro, Ms. Connie 
27.  U. S. Geological Survey (Massachusetts) 
28.  U. S. Environmental Protection Agency (Source Water Protection Program) 
29.  United Water Delaware 
30.  University of Delaware 
31.  Wallace Township 
32.  West Chester University 
33.  West Virginia University 
34.  Wilmington River-City Steering Committee 

 
2.2  BASE MAP 
 

The base map includes the fundamental framework of watersheds, streams, roads, and 
State/County municipal boundaries for the 565-square mile Christina Basin (Figure 2-1).  The 
base map was prepared in a GIS format by starting with the roadway and stream network 
obtained from the DELDOT, Maryland DOT, and PENNDOT.  Next, the man-made boundaries 
such as State, County, Township, and City/Boroughs were added to the map.  Finally, the 
boundaries for 38 subwatersheds were digitized to provide basic hydrogeologic planning units.  
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Unless noted otherwise, the data listed below was obtained in a digital format. 
 
Data Sources 

Roadway and Stream Network 
Delaware DOT - 1995 
Pennsylvania DOT - 1995 
Maryland DOT - 1995 

 
State/County/Municipal Boundaries 

DELDOT - 1995 
PENNDOT - 1995 
Maryland DOT - 1995 

 
Watershed Boundaries 

Delaware - Water Resources Agency for New Castle County, 1995 
Pennsylvania - Digitized from Chester County Planning Commission Watershed 

map by the WRANCC, 1995 
Maryland - Digitized from USGS Newark West Quadrangle by the WRANCC, 

1995 
 

Review of the Christina Basin Base Map provides several observations concerning the 
subwatersheds and local governments in the watershed.  Four major watersheds were delineated 
- the Brandywine, Red Clay, White Clay Creeks and the Christina River.  Within the 4 
watershed,   Thirty eight subwatersheds were delineated ranging from 4 to 33 square miles in 
area (Table 2-2).  The 38 subwatersheds serve as the basic hydrologic planning units for 
identifying watershed health, assessing stream water quality, and conducting stormwater 
monitoring and TMDL modeling on the base map. 
 

The local governments in the Christina Basin were identified by superimposing the 
state/county and local boundaries.  On the base map, the Christina Basin includes three States - 
Delaware, Maryland, and Pennsylvania; five Counties - Lancaster County; Chester County; 
Delaware County, Pennsylvania; Cecil County, Maryland; and New Castle County, Delaware.  
The Basin includes five local governments in Delaware and 45 townships, boroughs, and cities 
in Pennsylvania (Table 2-3).  The differing governments in Pennsylvania and Delaware pose 
additional challenges in watershed management.  In the Delaware portion of the Christina Basin, 
government is provided largely by three jurisdictions - New Castle County, Wilmington, and 
Newark.  Whereas in Pennsylvania, government is provided by dozens of local municipalities.  
Each of these governments have separate water quality standards and stormwater ordinances thus 
providing complexities which must be recognized and coordinated to achieve a unified Christina 
Basin Strategy.   
 

The Christina Basin extends over 30 linear stream miles from the headwaters in the 
Appalachian foot hills north of the Pennsylvania Turnpike to the tidewater at Wilmington.  The 
subwatersheds on the base map provide the building blocks for a unified water quality 
management strategy for the Christina Basin. 
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2.3 GEOLOGY 
 

The geology map summarizes the subsurface bedrock characteristics which affect surface and 
groundwater quality.  Geologic data can provide estimates of depth to bedrock and permeability which 
are needed for watershed modeling.  Certain geologic formations such as the Cockeysville Marble, are 
productive aquifers for public water supplies but are highly vulnerable to contamination.  Thus, 
delineation of the geologic features can assist in identifying vulnerable recharge areas that could be 
protected from contamination such as the existing Water Resource Protection Area program.  The 
geology data base includes the: 
 

•  Geologic Formation 
•  Depth to Bedrock 
•  Depth to Groundwater Table 
•  Sinkholes, Latitude/Longitude, and Status 
•  Quarries 
•  Faults 

 
Data Sources 

Delaware  - Delaware Geological Survey Quadrangles, 1970, 1972, 1975 
Pennsylvania - Chester County U. S. Geological Survey, 1995 
                         Lancaster and Delaware Counties, U. S. Geological Survey, 1981 
Maryland - Maryland Geological Survey Quadrangle, 1986 
Sinkholes - Delaware Geological Survey Field Notes, undated and Open File Report  
                   No. 14, 1981 

   -  Pennsylvania Geological Survey, Open File Report 93-01, 1993 
             
Map  1 provides the description and location of geologic features in the Christina Basin.  Note by 

the colors of each formation that each of the States provided interpretations of geology which do not 
necessarily match at the State boundaries.  The disparity in geologic mapping demonstrates the need for 
a watershed approach.  The geologic features in the Christina Basin should be consolidated to develop a 
consistent standard nomenclative in a future phase of this program. 
 

The geologic formations in the Pennsylvania portion of the Christina Basin are typical of the 
Piedmont Province.  The geologic formations include the diabase, gneiss and marble in the headwaters 
above Downingtown and Coatsville, the Limestone and Marbles of the Great Valley and the 
Schists/Gneisses lower in the basin.  The formations of the Piedmont of Delaware and Maryland include 
the Wissahickon Schist, Gneiss, and Cockeysville Marble.  The Cockeysville and other limestone 
marble formations are the most productive water supplies for ground and surface water.  The lower 
portion of the basin below the fall line in Delaware includes the Columbia Potomac sediments of the 
Coastal Plain.  Table 2-5 summarizes the geologic formations in the Christina River Basins.    
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The following rock types are present in the Piedmont province of the Christina Basin: 
 

Original Rock Type   Present Form 
 

Shales (sedimentary)   Schists  
Sandstones (sedimentary)  Quartrites 
Limestones (sedimentary)  Marble 
Granite (igneous)   Gneisses 

 
 
2.4  SOILS 
 

Soils provide indications of permeability and drainage which are necessary to estimate 
groundwater recharge, erodability, and stormwater runoff.  The permeability of soils are dependent on 
the type (sand, silt or clay) and hydrologic soil group A,B,C,D.  Soils are used to delineate floodplains, 
identify fragile erosion prone slopes and define septic system limitations.  Generally silts and clays are 
less permeable, generate greater stormwater runoff, and sustain greater sediment loads.  In contrast, 
sands and gravels provide greater groundwater recharge and less runoff and sediment loads.  The soils 
data base includes: 
 

•  Soil Association 
•  Brief Description 
•  Depth to Groundwater Table 
•  SCS Hydrologic Soil Group (A, B, C, D) 
•  Permeability (in/hour) 
•  Soil Type (sand, loam, clay) 

 
Data Sources 
 

Delaware  - USDA, Soil Conservation Service, New Castle County Soil Survey, 1970 
 
Pennsylvania - USDA, SCS, Chester and Delaware County Soil Survey, 1963. 

 
Maryland  - USDA, SCS, Cecil County Soil Survey, 1972. 

 
 

There are 19 soil associations in the Christina River Basin (Map 2).  Note the soil associations 
were mapped according to different standards along the Maryland/Delaware/ Pennsylvania stateline thus 
providing an example of the need to map soils on a watershed basis.  The predominant soil which 
occupies 3/4 of the basin is the Glenelg - Manor - Chester Loam which exhibits moderate to well-
drained characteristics.  Most of the soils are silts which overlay bedrock.  The distribution of soils are 
silts which overlay bedrock.  The distribution of soils in the Christina Basin reflect the bedrock geology 
and physiography of the watershed.  
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The more specific soil classifications were developed in a digital GIS format in the Chester 
County portion of the basin.  The Chester County soil classifications were digitized from the 
1963 soil survey by the U. S. Army Corps of Engineers.  A GIS map of the Chester County Soil 
is published separately.  A digital soil survey of New Castle County soil classification is not 
available for compilation in the watershed inventory. 
 

The following paragraphs provide a brief description of the soil associations in the 
Christina Basin. 
 
  1. Glenelg-Manor-Chester association:  Nearly level to steep, well-drained, medium -

textured soils formed over micaceous crystalline rocks; on uplands. 
 
  2. Edgemont association:  Moderately deep, channery soils on grayish quartzite and 

phyllite. 
 
  3. Glenelg-Manor-Chester association:  Shallow to deep silty and channery soils on grayish-

brown schist and gneiss. 
 
  4. Neshaminy-Glenelg association:  Moderately deep and deep, well-drained, silty, 

channery, and gravelly soils on gabbro and granodiorite. 
 
  5. Neshaminy-Chrome-Conowingo association:  Moderately deep and deep, silty soils on 

serpentine. 
 
  6. Neshaminy-Aldino-Watchung association:  Level to steep, well drained, moderately well 

drained, and poorly drained, medium-textured soils formed over dark-colored gabbroic 
rocks; on uplands. 

 
  7. Neshaminy-Talleyville-Urban land association:  Level to moderately sloping, well-

drained, medium-textured soils, relatively undisturbed to severely disturbed; formed over 
dark-colored gabbroic rocks; on uplands. 

 
  8. Elsinboro-Delanco-Urban land association:  Level to gently sloping, well-drained and 

moderately well drained, medium-textured soils, relatively undisturbed to severely 
disturbed; formed in old alluvium on stream terraces. 

 
  9. Sassafras-Fallsington-Matapeake association:  Level to gently rolling, well-drained and 

poorly drained, moderately coarse textured and medium-textured soils on uplands. 
 
10. Matapeake-Sassafras association:  Nearly level to steep, well-drained, medium-textured 

and moderately coarse textured soils on uplands. 
 
11. Matapeake-Sassafras-Urban land association:  Level to gently sloping, well-drained, 

medium-textured and moderately coarse textured soils, relatively undisturbed to severely 
disturbed; on uplands. 
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12. Aldino-Keyport-Mattapex-Urban land association:  Level to gently sloping, moderately 
well drained, medium-textured soils, relatively undisturbed to severely disturbed; on uplands. 

 
13. Tidal marsh association:  Marshy areas bordering the Delaware River and short tidal 

streams. 
 
14. Urban land association:  Areas used for streets, sidewalks, and buildings and other areas 

where cutting and filling have been extensive. 
 
15. Chester -Glenelg-Glenville association:  Deep, well drained and moderately well drained, 

nearly level to sloping loamy soils derived from micaceous rock material. 
 
16. Glenelg-Manor-Glenville association:  Deep, somewhat excessively drained to 

moderately well drained, gently sloping to steep, loamy soils derived from micaceous 
rock material. 

 
17. Keyport-Loamy and clayey land-Beltsville association:  Deep, well drained to 

moderately well drained, nearly level to steep soils that developed in old coastal plain 
deposits ranging from gravelly loamy sand to clay. 

 
18. Matapeake-Butlertown association:  Deep, nearly level to gently sloping, well drained 

and moderately well drained, loamy soils on the coastal plain. 
 
19. Mattapex-Elsinboro-Othello association:  Deep, well-drained to poorly drained, nearly 

level to sloping, loamy soils on the coastal plain and over coarse water-transported 
material on stream terraces. 

 
 
2.5  OUTFALLS/INTAKES 
 

This map summarizes the physical  water supply and water quality management 
infrastructure in the Christina Basin (Map 3).  This information is needed to identify the surface 
and groundwater source water supplies, water quality monitoring stations, and wastewater  
discharges.  The map and associated coverages provides the input data necessary for water 
budgets and the TMDL models for the Christina Basin.  This map series includes: 
 

•  Stream Gages 
•  Observation Wells 
•  Precipitation Gages 
•  Public Surface Water Withdrawals 
•  Community Public Water Supply Wells 
•  NPDES Discharges 
•  Stream Water Quality Monitoring Stations 
•  Industrial, Recreational and Irrigation Intakes 
•  Health Department Sampling Stations 
•  Spray Irrigation Facilities 
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•  Nonpoint Source Stormwater Quality Sampling Stations 
•  Combined Sewer Overflows (CSO's) 
•  Water Supply Pipelines 
•  Public Wastewater Service Areas 
•  Public Water Supply Service Areas 

 
Data Sources 

Stream Gages 
Delaware Geological Survey, 1975 
U.S. Geological Survey, 1998 

 
Observation Wells 

Delaware Geological Survey, 1995 
U. S. Geological Survey, 1998 

 
Precipitation Gages 

U. S. National Weather Service, 1995 
Delaware Geological Survey, 1995 
Chester County Water Resources Authority, 1998 
U. S. Geological Survey, 1998 

 
Public Surface Water Withdrawals 

Delaware DNREC, 1995 
Pennsylvania, DEP, 1998 

 
Community Public Water Supply Wells 

WRANCC, DNREC, 1998 
PADEP, CCWRA, 1998 

 
NPDES Discharges 

Delaware DNREC, 1998 
Pennsylvania DEP, 1998 
U. S. EPA, 1998 

 
Stream Water Quality Monitoring Stations 

Delaware DNREC, 1998 
Pennsylvania DEP, 1998 
USGS, 1998 

 
 
Industrial/Recreational/Irrigation Intakes 

Delaware DNREC, 1996 
Pennsylvania DEP, 1998 

 
Health Department Sampling Stations 

Chester County Health Department, 1996 
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Spray Irrigation Facilities 

Pennsylvania DEP, 1998 
 

Nonpoint Source Stormwater Quality Monitoring Stations 
U. S. Geological Survey, 1998 

 
Combined Sewer Overflows 

City of Wilmington, 1998 
 

Water Supply Service Pipelines 
WRANCC, 1995 
CCWRA, 1995 

 
Public Sewer Areas 

NCC Department of Public Works, 1995 
CCWRA, 1995 

 
Public Water Supply Service Areas 

WRANCC, 1995 
CCWRA, 1995 

 
 
The outfall/intake map provides information regarding the potential for wastewater and water 
supply impacts on water quality.  This map provides data to assemble a water budget for the 
subwatersheds.  The map delineates areas served by public sanitary sewers.  Septic systems are 
commonly used for wastewater management outside of the public sewer areas.  Thus, the map 
also indicates those areas where septic systems are in use and may represent sources of non-point 
source pollution.  Table 2-6 provides a summary of these features in the Christina Basin. 
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2.6  TOPOGRAPHY 
 

The topographic map provides the land contours for the Christina Basin (Map 5). 
Topographic data is used to identify fragile steep slopes, estimate stormwater runoff, and 
estimate sediment loads.  The topography in the Christina Basin varies from sea level in the 
Coastal Plain near Newark and Wilmington, to elevations of 100 feet through the fall line and 
peaking at elevations near 1200 feet in the Appalachian foothills.  The Piedmont topography 
includes steeply sloped incised stream valleys with more mild slopes along the ridge lines and 
floodplains.  The topography is mapped at a 10 to 20-foot contour intervals utilizing USGS 
Standard DLG Format 1:24000 hypsography..   
 
Data Sources 

Delaware - Delaware Geological Survey, 1992 and 1993. 
 

Pennsylvania - Pennsylvania Geological Survey, Digital Elevation Model (DEM) Files, 
 1995 
 

Maryland - Delaware Geological Survey, USGS Newark West Quadrangle, 1992 
 
2.7  LAND USE 
 

Along with soils data, land use is a fundamental indicator of stormwater loads and 
impacts on the quality of receiving waters.  Land use data is used to estimate pollutant loads and 
provide indicators of watershed management needs in the watersheds.  The nature and intensity 
of land use influences water quality in watersheds.  Generally, watersheds with low intensity 
land uses such as wooded areas, and protected lands experience relatively healthy water quality.  
In watersheds with large areas of urban or agricultural land uses may experience water quality 
impairment due to high sediment, bacteria, nutrient, and toxic loads.  Map 6 portrays the land use 
map which includes the following categories: 
 
1. Single Family Residential - Single family and duplex units at a maximum density of 4 

dwellings per acre. 
 
2. Multi-Family Residential - Urban townhouse, duplex, and apartment units at a density 

greater than 4 units per acre. 
 
3. Office - Consumer, commercial, professional, administration, and management services.  
 
4. Industrial - Associated warehouses, storage yards, research laboratories, parking, and 

manufacturing. 
 
5. Transportation/Utility - Roads, highways, railroads, airports, and Shipping transportation; 

telephone, telegraph, television, and radio communications; and electric, gas, solid waste, 
sewage, and water utilities. 

 
6. Commercial - Lodging, retail sales, indoor recreation, and automotive sales. 
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7. Institutional - Health, education, religion, corrections government, associations, charities, 

and cultural facilities. 
 

8. Protected Lands - State/County/Local open space and parks and public and privately-owned 
conservation easements, golf courses, and athletic fields. 

 
9. Wooded - Forest land occupying more than 50% of a given parcel including deciduous, coniferous, and 

mixed woody vegetation. 
 
10. Agriculture - Cropland, pasture, row crops, fallow land, orchards, vineyards, mushroom operations, 

nurseries, gardens, livestock, poultry, and brushland with less than 10% woody cover. 
 
11. Mining - Borrow pits, quarries, and extractive use operations. 
 
12. Water - Streams, canal, ponds, lakes, reservoirs, bays, estuaries, and wetlands. 
 
13. Vacant - Beaches, rock exposures, and transitional graded or cleared land. 
 
Data Sources 

Delaware Landuse - Digitized by the WRANCC in 1995 from 1 inch = 200 feet scale aerial 
photographs, from the New Castle County Department of Planning, dated April 1993.  Field 
checked and updated to March 1995 by the WRANCC. 

 
Pennsylvania Landuse - Delaware Valley Regional Planning Commission, 1995. 

 
Maryland Landuse - Cecil County Office of Planning and Zoning, 1993. 

 
 
Tables 2-7, 2-8, 2-9 provide a summary of land use in the Christina Basin.  Urban\suburban, wooded, 

and agriculture areas are the predominant land uses in the Christina Basin, each occupying about 1/3 of the 
basin.  The watershed is mostly urban in the lower reaches and becomes more rural to the north and upstream.  
Delaware has a higher percentage of developed lands.  Urban land uses exist in a corridor that stretches from 
Newark to Wilmington.  In Pennsylvania, the watershed is more rural exemplified by higher percentages of 
agriculture and wooded area.  Urban areas in Pennsylvania are concentrated in the Route 202 and Route 30 
corridors which connect West Chester, Coatesville and Downingtown.  The land use data will be used to derive 
indicators of watershed health such as percent impervious cover, wooded area, agriculture area, open space, and 
total suspended sediment loads.  Significant amounts of protected lands and open space exist in Chester County 
but have not yet been compiled for mapping.  Thus, values represented for Chester County protected lands are 
under estimated. 
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2.8  ZONING 
 

The zoning map provides a delineation of potential or future land uses at the planned full-build out 
condition (Map 6).  Certain classifications such as floodplain, agricultural, and low density residential zoning 
districts can provide protection to water resources.  The zoning map provides an opportunity to review the land 
use plan and zoning ordinances of the governments in the watershed and identify possible modifications that 
may be more protective of water quality.  Zoning is also needed to calculate estimates of pollutant loads for 
future land use scenarios.  The following zoning classifications were mapped in the watershed: 
 

•  Low Density Residential (> 2 acres per dwelling) 
•  Medium Density Residential ( 1/4 acre to 2 acres per dwelling) 
•  High Density Residential, Townhouse, Apartment (less than 1/4 acre per dwelling) 
•  Commercial 
•  Industrial 
•  Office 
•  Institutional 
•  Agricultural 
•  Floodplain 
•  Diversified 
•  Historic 

 
Data Sources 

New Castle County Zoning - Digitized from New Castle County Department of Planning Maps dated 
1995. 

 
Chester County, Lancaster County, Delaware County Zoning - Digitized by the West Chester University 

in 1996 from various Township,  Borough, and Municipal paper base maps. 
 

Cecil County Zoning - Digitized from zoning maps of the Cecil County Office of Planning and Zoning, 
dated 1995. 

 
2.9  FLOODPLAINS/WETLANDS/GROUNDWATER PROTECTION AREAS 
 
This water resources map delineates the sensitive floodplains, wetlands, and ground water protection areas in 
the Christina Basin (Map 7).  Floodplains and wetlands provide water quality benefits by cleansing runoff 
entering waterways.  Federal, state, and local regulations exist that protect these floodplains and wetlands from 
development.  Ground water protection areas are defined and regulated by the Delaware River Basin 
Commission in the Southeastern Pennsylvania Ground Water Protected Area and by the New Castle County 
Water Resource Protection Area program.  New Castle County employs a Water Resource Protection Area 
(WRPA) ordinance as an overlay zoning district designed to protect the quality and quantity of ground and 
surface water supplies.  WRPA’s include the Recharge, Surface Water, and Cockeysville districts.

Page intentionally left blank 



2-29 

 



2-30 

Page intentionally left blank 



2-31 



2-32 

Page intentionally left blank



2-33 

 



2-34 

Developments in the WRPA’s are restricted through maximum percent impervious cover and 
minimum lot density controls.  Table 2-10 summarizes the New Castle County WRPA program. 
 
Data Sources 

100-year Floodplains 
New Castle County - Federal Emergency Management Agency (FEMA) 1995 
Chester County - FEMA 1996 
Cecil County - FEMA 1994 

 
Wetlands 

New Castle County - U.S. Fish and Wildlife Service (USFWS), National Wetland 
Inventory (NWI), 1995 

Chester County - USFWS, NWI, 1994 
 

Groundwater Protection Areas 
Cockeysville Formation WRPA, (Delaware) - WRANCC, 1993 
Carbonate Rock District - Digitized by the WRANCC from a West Whiteland 

Township paper map dated 1995 
Ground Water Protection District – Kigitized by the WRANCC in 1995 from an 

East Marlborough Township paper map. 
Wissahickon WRPA - WRANCC, 1993 
Wellhead WRPA - WRANCC, 1993 
Reservoir Watershed WRPA - WRANCC, 1993 
Floodplain WRPA - WRANCC, 1993 
Erosion Prone Slope WRPA - WRANCC, 1993 
Recharge WRPA - WRANCC, 1993 
Southeastern Pennsylvania Groundwater Protection Area - Digitized by the 

WRANCC from DRBC paper map, 1995 
 
2.10  PARKS/OPEN SPACE/PROTECTED LANDS 
 

Map 8 delineates known public and privately owned parks, open space and protected 
lands in the Christina Basin.  Under proper management, protected lands can provide water 
quality benefits by restricting development and providing natural filtration of stormwater runoff. 
Protected lands are effective BMP’s.  Open space can contribute to improved water quality of 
both ground and surface waters.  Open lands that preserve vulnerable recharge areas, riparian 
corridors, and headwater tributaries are particularly helpful.  These lands must be properly 
managed to ensure unintended uses do not occur.  This inventory of protected lands should be 
updated to include recently acquired lands under the Chester County Open Space program.  .  
Protected lands on the map include:
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•  Private Agricultural/Conservation Easements 
•  Privately Owned Open Space 
•  Municipal Parks and Open Space 
•  County Parks and Open Space  
•  Federal Open Space 
•  Conservation Areas 

 
Data Sources 

Parks and Open Space 
Delaware - New Castle County Department of Parks and Recreation, 1995 

Delaware DNREC, Division of Parks & Recreation, 1995 
Pennsylvania - Delaware Valley Regional Planning Commission, 1995 

Chester County Planning Commission, 1995  
Maryland - Cecil County Open Space map dated 1995 

 
 
2.11 HAZARDOUS WASTE SITES 
 
 Hazardous waste sites can be potential contaminant sources of pollutants in stormwater 
runoff.  Map 9 provides locations of hazardous waste sites which could affect streams and water 
supplies.  Contaminants from hazardous waste sites can negatively impact ground water quality 
which could also eventually affect surface water.  Contaminant sources and risks to water 
supplies can be estimated by overlaying the watershed, floodplain, and surface water intake/well 
layers on the same map.  Contaminated sites which are upgradient of public surface water 
intakes and community wells can be prioritized for containment and remediation actions.  Most 
of the hazardous waste sites are situated in the lower Christina Basin along the urban corridor 
between Newark and Wilmington.  The USEPA has remedial investigations underway for the 
superfund sites in the Pennsylvania portion of the Basin.  The hazardous waste map should be 
updated to include leaking underground storage tank data which will be obtained from the 
PAPEP.  The following potential contaminant sources are delineated on the map: 
 

•  State Superfund Sites 
•  Federal Superfund Sites 
•  RCRA Sites 
•  Hazardous Waste Sites 
•  Landfills (Active/Inactive) 
•  Leaking Underground Storage Tanks 
•  Gravel Pits and Borrow Pits 
 

Data Sources 
 Potential Contaminant Sources 

New Castle County, Delaware – DNREC Division of Air and Waste 
Management, 1998 

Chester County – Chester County Planning Commission, 1996 
Pennsylvania DEP, 1997 
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2.12  EXISTING BMP'S 
 

Map 10 identifies the location of existing stormwater and agricultural BMP's which have 
been installed in the Delaware and Pennsylvania portions of the Christina Basin.  Stormwater 
BMP's in New Castle County are the detention ponds installed since 1991 in accordance with the 
Delaware Sediment and Stormwater regulations.  The Stormwater BMP's in Pennsylvania are the 
NPDES soil erosion permits issued to new developments since 1990.  Agriculture BMP's in both 
states are conservation measures installed in accordance with programs administered by the 
USDA-Natural Resource Conservation Service, New Castle Conservation District, and Chester 
County Conservation District.  Data for Stormwater BMP’s are not yet available and will be 
compiled during a future phase of the project.  The BMP map should be periodically updated to 
include new detention ponds and soil erosion permits. 
 
Data Sources 

Stormwater BMP's 
New Castle County Department of Public Works, 1996 
Chester County Conservation District, 1998 

 
Agricultural BMP's  

Delaware DNREC - Division of Soil and Water Conservation, 1996, New Castle 
Conservation District and USDA – Natural Resources Conservation 
Service, 1998 

Chester County Conservation District, 1998 
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 CHAPTER 3.  WATER QUALITY ASSESSMENT 
 
 
3.1  EXISTING DATA 
 

Clean water in the Christina Basin is necessary to sustain the diverse ecological, aesthetic 
and recreational resources, and a safe and adequate water supply source for residents and businesses 
of New Castle County and Chester County.  The waters of the basin provide uses for water supply, 
aquatic and terrestrial wildlife, recreation, and wildlife (Table 3-1).  Ground and surface waters 
provide drinking water for over 0.5 million people in the basin.  
 

This chapter summarizes an assessment of existing water quality data for the Christina Basin. 
 Staff from the Delaware DNREC and PADEP reviewed existing water quality data and references 
to compile this assessment.  The assessment summarizes water quality conditions on a watershed or 
stream-by-stream basis.  The assessment catalogues existing water quality data and identifies data 
"gaps" which will require further water quality monitoring.  The following references were reviewed 
for this water quality assessment: 
 
Delaware Water Quality References 
 
1. Stream Use Survey, Water Resources Agency for New Castle County, 1979. 
 
2. Delaware Nonpoint Source Management Plan, Delaware Department of Natural Resources 

and Environmental Control, Division of Soil and Water Conservation, Revised May 1, 1995. 
 
3. 1994 Delaware Watershed Assessment Report, State of Delaware Department of Natural 

Resources and Environmental Control, Division of Water Resources, Watershed Assessment 
Branch, April 1, 1994. 

 
4. 1996 Watershed Assessment Report (305b), Christina River Priority Sub-basin, April 1, 

1996. 
 
5. State of Delaware Fish Consumption Advisory Areas for the Christina Basin, Delaware 

DNREC, issued April 1996. 
 
6. Preliminary Assessment of Water Quality Data for the Christina River Basin, Delaware 

Department of Natural Resources and Environmental Control, Division of Water Resources, 
Watershed Assessment Branch, 1996. 

 
7. Habitat Quality of Delaware Non-Tidal Streams, Appendix D, Delaware Section 305(b) 

Report, Delaware Department of Natural Resources and Environmental Control, March 31, 
1994. 

 
8. Tentative Determination for State of Delaware 1998 Clean Water Act Section 303(d) List of 

Waters Needing TMDL's, Delaware Department of Natural Resources and Environmental 
Control, March 2, 1998. 
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Pennsylvania Water Quality References 
 
1. Synoptic Report on Toxic Substances Contamination of Red Clay Creek, Roy W. Weston, 

Inc., August 1988. 
 
2. Red - White Clay Creeks, Final Watershed Protection Plan and Environmental Assessment, 

USDA Natural Resources Conservation Service and USDA - Forest Service, October 1996. 
 
3. Assessment of Nonpoint Source Pollution for the Brandywine Creek Watershed, Chester 

County Conservation District and Brandywine Valley Association, November 1991. 
 
4. Watershed Degraded by Nonpoint Source Pollution, Pennsylvania DEP, Bureau of Land and 

Water Conservation, August, 1994. 
 
5. Preliminary Study of the Brandywine Creek Sub-basin Final Report, Science Applications 

International Corporation for the U.S. Environmental Protection Agency, Region III, 
September 30, 1993. 

 
6. Water Resources Use and Service in Chester County, Phase 2 of the Chester County Water 

Resources Plan, Chester County Planning Commission, 1996. 
 
7. Statewide GIS/Census Data Assessment of Nitrogen Loading from Septic Systems in 

Pennsylvania, Pennsylvania State University, 1995. 
 
8. Pennsylvania Section 303(d) Report, Pennsylvania Department of Environmental Protection, 

1996. 
 
9. Limnological Studies of the Major Streams in Chester County, Pennsylvania, United States 

Geological Survey with the Chester County Water Resources Authority, June 1977. 
 
10. Land Use, Organochlorine Compound Concentrations and Trends in Benthic - Invertebrate 

Communities in Selected Stream Reaches in Chester County, Pennsylvania, United States 
Geological Survey with the Chester County Water Resources Authority, 1995. 

 
11. Groundwater Quality and its Relation to Hydrogeology, Land Use, and Surface Water 

Quality in the Red Clay Creek Basin, Piedmont Physiographic Province, Pennsylvania and 
Delaware, U.S. Geological Survey with the Red Clay Valley Association and the Chester 
County Water Resources Authority, 1996. 

 
12. Land Scapes - Managing Change in Chester County, Chester County Board of  

Commissioners, July 12, 1996. 
 
13. Various water resources and biological data collected under USGS/Chester County 

Cooperative Program (1969 - Present). 
 
 
14. Christina Basin Point Source Monitoring Program, Pennsylvania Department of 
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Environmental Protection, 1998. 
 

Tables 3-2 and 3-3 provide a synthesis of existing water quality conditions in the Christina 
Basin.  Table 3-4 provides a summary of water quality on a subwatershed by subwatershed basis.  
The results of the water quality assessment are depicted on Map 11 - Stream Water Quality and Map 
12 - Fish Consumption Advisories. 
 

The water quality assessment indicates a data "gap" should be filled during the upcoming 
Phase III of the Christina Basin Strategy.  The WRANCC would prepare a GIS watershed map and 
associated data which summarizes the biological health and habitat quality of streams based on 
existing macroinvertebrate and bioassessment data.  The biological stream health map would 
integrate data for the Pennsylvania and Delaware portions of the Christina Basin utilizing work from 
the DNREC Watershed Assessment Branch Non-Tidal Habitat Assessment, the PADEP Unassessed 
Streams Inventory, and the USGS-CCWRA Benthic Invertebrate sampling programs for Chester 
County Streams. 
 
3.2  DELAWARE WATER QUALITY 
 

The following summary of water quality conditions in the Delaware portion of the Christina 
Basin is excerpted from the Preliminary Assessment of Water Quality Data for the Christina Basin, 
Delaware DNREC, 1996.  The waters in the Delaware portion of the Christina Basin are stressed by 
high levels of bacteria, zinc, iron, phosphorus, nitrate nitrogen and declining levels of dissolved 
oxygen: 
 

• Bacteria - Concentrations frequently exceeded the limit of 100 colonies per 100mL 
throughout the basin which violated DNREC primary recreation standards for 
swimming. 

 
• Zinc - Criteria frequently exceeded along the Red Clay Creek and the lower      

reaches of the White Clay Creek.  Zinc levels have not changed over the last 10 years 
signaling little improvement in water quality. 

 
• Iron - Criteria violated along the lower and middle reaches of the Christina River.  

Water quality for iron in lower Christina River remains in poor condition. 
 

• Phosphorus - Excessive concentrations support concern for nutrient enrichment in  
Brandywine, Christina, and Red Clay Creeks. 

 
• Dissolved Oxygen - Concentrations have decreased steadily over 20-25 years 

although dissolved oxygen levels do not frequently violate criteria.  This could 
become a problem. 

 
• Nitrate-Nitrogen - Increasing trend from 1970 to 1990. 

 
• Total Suspended Sediment - High levels a concern, yet decreasing trends over the 

years indicate stream water quality improvement. 
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• PCB's, Dioxin - High levels in water column and fish tissue led to total fish 
consumption advisory in tidal areas of Christina Basin. 

 
3.3  PENNSYLVANIA WATER QUALITY 
 

The water quality assessment indicates that certain parameters in the Pennsylvania portion of 
the Christina Basin are causing stressed stream conditions.  These pollutants or stressors include: 
 

• Copper, Lead, Mercury - Water quality standards were exceeded along the 
Brandywine Creek at Downingtown and Coatesville (SAIC, 1993).  However, the 
Point Source Monitoring Program underway for almost the last 3 years has not found 
elevated Mercury levels near point sources (PADEP, 1998). 

 
• Dissolved Oxygen - Low DO levels are a concern during dry years although levels 

have increased over the last several years and now rarely drop below 5 mg/l (SAIC, 
1993). 

 
• Total Suspended Sediment - Increased levels have been observed and are attributed 

to new construction, increased urban/suburban land uses, and continued agricultural 
activity (USDA-NRCS, 1996; CCPC, 1995). 

 
• Nitrate-Nitrogen - High nitrate levels exist along 31 stream miles of White Clay and 

Red Clay Creeks (PADEP, 1995). 
 

• Phosphorus - The upper Brandywine watershed above Downingtown and Chadds 
Ford is water quality limited for this nutrient (CCCD/BVA, 1991). 

 
• Bacteria - Fecal coliform levels have generally declined but are still above water 

contact criteria for recreational uses (Appendix A, CCWRA/USGS, 1998). 
 

• Zinc - Elevated levels are reported along the Red Clay Creek which exceed toxic 
thresholds (Weston, 1988).  Point Source Monitoring indicates zinc levels in the Red 
Clay Creek have declined (PADEP, 1998). 

 
• PCB's, Chlordane, Pesticides - High levels of these organic contaminants have 

resulted in fish consumption advisories along the entire Red Clay Creek through 
Kennett Square and along the Brandywine Creek at Chadds Ford and below 
Coatesville (CCPC, 1995). 

 
• Biological Diversity - Has improved significantly throughout the watershed since the 

1970's and continued to improve in recent years.  Rainfall extremes between the 
drought of 1995 and the excess rainfall of 1996 may have contributed to declines in 
observed diversity in 1996 (Appendix B, CCWRA/USGS, 1998). 
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3.4  STORMWATER ORDINANCE INVENTORY 
 

Local governments in the Christina Basin administer stormwater and floodplain management 
programs through a series of ordinances, codes, and regulations.  These ordinances are designed 
generally to protect the quality and quantity of ground and surface water during the land 
development and subdivision process.  The purpose of this section is to inventory the existing 
stormwater ordinances and identify modifications that may further protect water quality. 
 

Implementation of a unified water quality management program for the Christina River Basin 
is complex due to the type and multitude of governments in the watershed.  In Pennsylvania, local 
government includes 53 different municipalities.  The Delaware portion of the basin includes 
unincorporated New Castle County and four municipalities.  In Maryland, the local government 
includes unincorporated Cecil County.  Over sixty government jurisdictions are situated in the 
Christina Basin - each with its own individual approach and varying stormwater ordinance, code, 
regulation or management program.  A key to successful watershed management will be to 
implement a unified set of stormwater management principles which provide consistent protection to 
water quality in each of the three states in the Christina Basin. 
 

The stormwater ordinance inventory was conducted by contacting each local government and 
obtaining particular zoning, subdivision, and/or drainage codes.  The Pennsylvania Department of 
Environmental Protection (PADEP) conducted the inventory for the local governments in the 
Commonwealth.  The Water Resources Agency for New Castle County reviewed the ordinances for 
the Delaware and Maryland portions of the Christina Basin.  The stormwater inventory includes a 
review of specific criteria such as design frequency (i.e. 100-year storm), soil erosion and sediment 
control, stream buffer provisions and others.  Tables 3-5 and 3-6 and Figure 3-1 summarize the 
results of the stormwater ordinance inventory for the Christina Basin. 
 
Type of Ordinance 

The inventory indicates all of the stormwater regulations for the local boroughs, township, 
and municipalities are nested in the zoning code or subdivision and stormwater ordinance.  
Administratively, the zoning ordinance provides a suitable level of enforcement since the landuse 
classification (i.e. zoning) is tied directly to protection of stormwater quantity and quality.  New 
Castle County and municipal governments in Delaware utilize the DNREC Stormwater and 
Sediment Regulations with some modification in the zoning code.  At the local level in 
Pennsylvania, the stormwater codes are nested in subdivision ordinances.  In Pennsylvania, Act 167 
for Stormwater Management provides criteria for local stormwater ordinances. 
 
Funding Source 

Ideally, there should be a dedicated source of funding to administer a stormwater 
management program.  Typical funding sources include development permit fees, user fees such as a 
stormwater utility, or development impact fees.  The New Castle County Drainage Code and local 
municipalities in Pennsylvania administer a set of permit fees to fund stormwater ordinance review 
programs.  
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Designated Watersheds 
East Bradford Township, the Pennsylvania DEP, Delaware DNREC and New Castle County 

have established criteria for designated or priority watersheds which provides greater visibility for 
funding programs. 
 
Runoff Models 

Nearly 80 percent of the local governments require the USDA-SCS TR-55 and/or TR-20 
computer models to estimate stormwater runoff for developments.  The SCS computer models are 
nationally recognized as the minimum standard practice for estimates of stormwater rate and volume 
for design of drainage facilities. 
 
Design Frequencies 

Over 60 percent of the stormwater ordinances require design for frequencies up to and 
including the 100-year storm event.  Three townships in Pennsylvania require design for the 25-year 
event.  Cecil County, Maryland requires design for the 10-year event.  Over a third of the local 
ordinances do not require a minimum design frequency.  Optimal stormwater ordinances require 
design for the 1-, 2-, 10-, 25-, 50- and 100-year storm events. 
 
Percent Impervious Cover 

Percent impervious cover is a key environment indicator which can be used to protect stream 
water quality.  Studies indicate the health of resources in a watershed can be negatively impacted 
when the percent of impervious cover exceeds 10 to 15 percent (See Chapter 4).  A majority of the 
stormwater ordinances set a threshold of maximum percent impervious during subdivision 
development.  The percent impervious cover permitted by the stormwater ordinances ranges widely 
from 15 to 80 percent.  New Castle County administers a Water Resource Protection Area program 
which establishes maximum impervious cover limits of 20 percent for residential land uses and 50 
percent for commercial or manufacturing uses.   
 
Post-Development Discharge 

Half of the stormwater ordinances require the post-development discharge rate for new 
construction to be less than pre-development runoff.  The balance of the ordinances include no such 
provisions.  None of the ordinances control the volume of stormwater runoff.   
 
Water Quality/Quantity 

The stormwater ordinances of Newark and New Castle County require design of drainage 
facilities for quality as well as quantity purposes.  The local ordinances in Pennsylvania require 
design for stormwater quantity purposes only. 
 
Contractor Certification 

The stormwater ordinance in New Castle County and several Pennsylvania municipalities 
require certification of consultants and contractors for the design and construction of stormwater 
facilities.  Workshops and seminars provide valuable education towards progressive stormwater 
management techniques. 
 
Soil Erosion and Sediment Control 

High sediment loads can negatively affect habitat and water quality.  Therefore, enforcement 
of Soil Erosion and Sediment Controls are needed to minimize the flow of sediment into streams 
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from new development.  All of the ordinances include provisions for Soil Erosion and Sediment 
Control as part of the zoning code. 
 
Forest Preservation 

Trees and forests provide numerous water quality and quantity benefits.  These woodlands 
minimize the quantity of stormwater runoff and improve the quality of runoff due to filtering and 
uptake processes.  Over 60 percent of the municipalities have ordinances that include criteria to 
protect woodlands from development.    
 
Riparian Buffer Areas 

Riparian buffer areas generally protect the various physical, hydrological, and ecological 
functions of floodplains, wetlands, and other sensitive water resources.  Close to 95 percent of the 
stormwater ordinances include stream buffer criteria which at a minimum include no development in 
the 100-year floodplain (flood hazard district).  The most progressive ordinances establish buffers 
which extend 25 to 100 feet from the boundary of the flood hazard district.   
 
Steep Slopes 

Steep slopes are sensitive areas which generally have soils with low infiltration and high 
runoff characteristics.  These slopes are susceptible to soil erosion during new construction.  Most of 
the stormwater ordinances protect steep slopes ranging from 15 to 25 percent.   
 
Cluster Development 

Clustering of developments can minimize impacts to sensitive land and water resources.  
Clustering can minimize impacts to water quality by reducing percent impervious cover and 
protecting natural resources such as wetlands, floodplains, forests, and open space.  Eighty percent 
of the municipal ordinances encourage clustered land development.   
 
Stormwater Techniques 

Most of the ordinances issue permits for specific stormwater techniques to reduce the 
quantity and improve the quality of stormwater runoff.  Progressive stormwater management 
techniques include filter strips, bioswales, infiltration swales and detention basins.  The New Castle 
County Drainage Code requires applicants to meet a "Runoff Reduction Hierarchy" for all 
subdivision site designs.  Implementation of this hierarchy has the potential to minimize runoff 
volume and reduce pollutant loads to receiving streams.  The following "Runoff Reduction 
Hierarchy" is part of the New Castle County stormwater ordinance: 
 

• Minimize impervious surfaces to reduce runoff volume and decrease stormwater               
pollutant loads. 
 

•  Preserve natural drainage swales, overland flow paths, and depressional storage areas. 
 

•  Convey runoff via vegetated filter swales. 
 

•  Infiltrate runoff on-site where soils have favorable permeability. 
•  Detain excess stormwater in detention facilities. 
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Wetland Protection 
Wetlands provide valuable water quality, infiltration, flow reduction, and sediment control 

benefits.  Wetland protection is generally practiced at the State and Federal level although some 
local municipalities also have wetland protection provisions.  The U.S. Army Corps of Engineers 
and Pennsylvania DEP regulates the fill of wetlands through the joint wetlands program of Section 
404 of the Clean Water Act.  The Delaware DNREC protects wetlands through the Subaqueous 
Lands Act.  At the local level, 80% of the municipalities in the Christina Basin include provisions 
for wetland protection. 
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 CHAPTER 4.  WATERSHED POLLUTANT POTENTIAL AND PRIORITIZATION 
 
 
4.1   PRIORITIZATION APPROACH 
 

This chapter summarizes an approach for developing a preliminary prioritization of 
watersheds in the Christina Basin.  The prioritization strategy is designed to identify optimal 
locations for BMP demonstration projects and determine the relative pollution potential in 
subwatersheds due to NPS loads.  With a land area of 565-square miles, the Christina Basin is a 
large watershed with varying water quality concerns.  The basin includes 4 watersheds that are 
subdivided into 38 subwatersheds each with different land use, soil, and topographic characteristics 
which affect stream and ground water quality.  Subwatersheds in rural areas may have a low percent 
impervious cover yet exhibit high sediment and nutrient loads.  Urban subwatersheds may have a 
high percent impervious cover which contribute high toxic and nutrient loads.  The purpose of this 
exercise is to prioritize subwatersheds for BMP implementation according to estimates of the 
following environmental indicators: 
 

•  Total Suspended Sediment Loads 
•  % Impervious Cover 
•  % Agricultural Area 
•  % Wooded Area 
•  Stream Water Quality 
•  Fish Consumption Advisories. 
 
Watershed prioritization is an effective screening tool for water quality management with the 

following limitations.  These estimates serve only as indicators of relative pollutant loads.  The 
watershed prioritization will be updated with the adoption of TMDL's during upcoming phases of 
the Christina Basin Strategy.  This watershed prioritization does not account for several factors: 
 
1. Conservation BMP's that are in place in the watershed that reduce sediment and pollutant 

loads. 
 
2. Improvements in stormwater management ordinances and techniques that have improved 

runoff quality. 
 
3. Contaminant loading factors used are derived from other U. S. urban areas and may not be  

typical of those found throughout this watershed. 
 
4. Sediment/pollutant loads from active construction of new land development are significant 

but cannot be quantified for use here.  It is known that stabilized development yields 
substantially lower sediment loads than construction sites.  Constructions activities are 
generally temporary, but remnant sediment loads downstream of the site may take years to 
disperse. 

 
5. Sediment loads from stream bank erosion and channel downcutting are not quantified in this 

analysis. 
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4.2  TOTAL SUSPENDED SEDIMENT LOADS 
 

According to the water quality assessment in Chapter 3, total suspended sediment (TSS) is a 
concern in the Christina Basin.  High TSS loads in streams contribute to water treatment problems 
and to habitat loss and excessive turbidity resulting in impairments in recreational, fish/wildlife, and 
water supply designated uses of the streams.  Soil erosion causes impaired flood carrying capacity 
and increased channel downcutting and bank erosion.  Many pollutants such as metals, nutrients, 
organics, and toxins bind to sediment thus further contributing to poor water quality.  Thus, total 
suspended sediment loads were selected as an environmental indicator of watershed pollutant 
potential for the prioritization strategy. 
 

As a screening tool, the Water Resources Agency for New Castle County computed total 
suspended sediment loads according to the following "Simplified Method" (Shueler, 1987): 
 
L = (A) (P) (R) (C) (0.226) 
 
Where: 
 
L = Annual Total Suspended Sediment Pollutant Load (lb/yr.) 
A = Subwatershed Area (acres) 
P = Annual Precipitation (41 inches) 
R = Runoff Coefficient for Existing Land Uses (Table 4-1) 
C = Mean Pollutant Concentration (mg/l) from Literature Values (Table 4-1) 
0.226 = Conversion Factor 
 

This formula estimates the Unit Annual Pollutant Load (lb/acre/year) by dividing the annual 
TSS pollutant load (lb) by subwatershed area (acres). 
 

Table 4-2 summarizes the estimates of total suspended sediment by subwatershed.  The TSS 
loads for the Christina Basin range from 311 to 975 lb/ac/yr depending on the type of land use.  The 
Christina Basin TSS loads were verified by comparing to loads generated at monitoring stations and 
from modeling in other watersheds in the Mid-Atlantic region (Table 4-2a).  Based on the 
verification analysis, the estimated annual TSS loads in the Christina Basin seem to be accurate. 
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 TABLE 4-2a 
 VERIFICATION OF TSS LOADS 
 Christina Basin Water Quality Management Strategy 
 
 
 Project 

 
Christina Basin Strategy 

Screening Model 
 

Octoraro Creek Watershed 
Study Model 

 
Brandywine Creek, 

Chadds Ford Gage No.  
01481000 Monitoring 

Station 
 

Susquehanna River at 
Harrisburg Gage  
No.  01570500          

Monitoring Station 

 TSS Load (lb/ac/yr) 
 

311 to 975 
 
 

416 to 941 
 
 

298 to 895 
 
 
 

150 to 1,100 

Reference 
 

Table 4-2 
 
 

OCWA, 1989 
 
 

USGS, 1990-1996 
 
 
 
 

SRBC/USGS, 1996 

The annual sediment load model indicates that half the sediment in the Christina Basin is 
generated by agricultural/rural land uses and the other half is generated by urban and suburban land 
uses (Table 4-3 and Figure 4-2).  As shown in Figure 2-1, both categories of land use are also 
equally represented by total land use area.  Transportation, industrial, commercial, and multi-family 
uses are the greatest contributors of TSS per unit area of land.  Figure 4-1 rates the Total Suspended 
Sediment Loads for each of the subwatersheds in ascending order.   
 

Map 13 categorizes the predicted annual TSS for each of the subwatersheds in the Christina 
Basin.  The subwatersheds in highly urban areas (Lower Christina River and Brandywine Creek near 
Wilmington and White Clay Creek below Newark) and  agricultural areas (rural headwaters of the 
Brandywine, White and Red Clay Creeks, and the Christina River) exhibit the highest TSS Loads 
exceeding 600 pounds per acre per year.  The lowest TSS loads are in subwatersheds with high 
percentages of  open space (protected lands) and wooded area such as the White Clay Creek above 
Newark and the Brandywine Creek below Chadds Ford.  Subwatersheds with high TSS pollutant 
loads would be targeted for agricultural conservation programs, urban development BMP's, roadway 
sediment control programs and stormwater runoff reduction to reduce instream erosion.    
Subwatersheds would be prioritized depending on watershed pollutant potential according to the 
following TSS load criteria. 

 
Watershed Pollutant Potential 

 
High 

Medium 
Low 

 
TSS Load (lb/ac/yr) 

 
> 600 

401-600 
0-400 
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4.3   PERCENT IMPERVIOUS COVER 
 

Percent impervious cover is a key indicator of potential watershed and stream health.  The 
percent impervious cover can be used to correlate the link between land use and water pollution 
potential.  Many studies indicate stream water quality, habitat, and wetlands become impaired when 
the percent impervious cover in a watershed exceeds 10 to 20 percent.  The Delaware DNREC 
demonstrated that stream health is impaired in Piedmont streams in New Castle County where the 
watershed percent impervious cover exceeds 8 to 15 percent (DNREC, 1994).  Wetlands suffer 
impairment when the percent impervious cover exceeds 10 percent (APA Journal, 1996).  Fish 
habitat, spawning, and diversity suffers when impervious exceeds 10 to 12 percent (Watershed 
Protection Techniques, 1994-1996).  Aquatic insect diversity declines above 8 to 15 percent 
(DNREC, 1994).  Wetland plants and amphibian populations diminish when the impervious is more 
than 10 percent (APA Journal, 1996, Coastlines, 1997, Watershed Protection Techniques 1994 - 
1996).   Perhaps more than any other watershed indicator, the percent impervious cover appears to 
provide a correlation between the intensity of land use and stream water quality. 
 

Using the Geographic Information System (GIS), the Water Resources Agency computed the 
percent impervious cover of each of the 38 subwatersheds using the 1995 land use data compiled 
from Map 5.  Percent impervious cover factors were computed for each of the 13 land use categories 
by digitizing pavement and roof areas from aerial photographic maps and then comparing to tables 
in SCS, TR55 (Table 4-4).  The appendix provides a spreadsheet which tabulates the percent 
impervious calculations for each subwatershed. 
 

Figure 4-3 shows the percent impervious cover ranging from 2.5% to 49.2% for each of the 
subwatersheds in the Christina Basin.  Subwatersheds with dense urban land uses near Wilmington 
exhibit percent impervious cover exceeding 40%.  Rural watersheds in the upper Brandywine and 
headwaters of the White Clay and Red Clay Creeks exhibit low percent impervious cover (<10%) 
due to the high amounts of agricultural, rural, wooded, and open space land uses.  Figure 4-7 
summarizes the percent impervious cover of each of the 4 watersheds - the Brandywine Creek, Red 
Clay Creek, White Clay Creek, and the Christina River.  Note that all of the 4 watersheds exceed 
10% impervious cover indicating potentially stressed conditions.  The Christina River watershed 
exceeds 20% impervious cover indicating higher potential for unhealthy stream water quality.  Map 
14 delineates the percent impervious cover of each subwatershed in the Christina Basin. 
 

Based on percent impervious cover, the pollutant potential of the subwatersheds can be 
categorized according to the following criteria: 
 

Watershed Pollutant Potential 
 

High 
Medium 

Low 
 
 
 
 

% Impervious 

 
> 20 

11-20 
0-10 
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4.4  AGRICULTURAL AREA 
 

The extent of agriculture in subwatersheds can also affect stream water quality.  
Subwatersheds without conservation plans and practices with larger amounts of agriculture can 
exhibit undesirable water quality characteristics such as higher sediment, bacteria, and nutrient 
loads.  Watersheds can be prioritized depending on the percentage of agricultural land and existing 
implementation of conservation BMP's.  Subwatersheds with large percentages of agricultural area 
and lack of conservation plans would be prioritized for agricultural BMP conservation programs. 
 

Figure 4-4 summarizes the percent agricultural area for each subwatershed in ascending 
order.  Map 15 shows the percent agricultural area for each subwatershed.  Watersheds with large 
agricultural areas include the headwaters of the Red Clay, White Clay and Brandywine Creeks in 
Pennsylvania with over 30% of the land in agriculture.  The portion of the Christina Basin in 
Delaware has relatively little agricultural land.  Agricultural BMP activities could be prioritized 
based on pollutant potential according to the following criteria: 
 

Watershed Pollutant Potential 
 

High 
Medium 

Low 

% Agriculture 
 

>40 
21-40 
0-20 

 
4.5  WOODED LAND 
 

Highly wooded watersheds usually exhibit good stream health.  Wooded and forested areas 
provide the ability to reduce runoff quantity by 30% when compared to non-wooded areas and 
reduce certain pollutant loads in stormwater runoff by over 50% (WRANCC, 1997).  Conservation 
of forests, preservation of wooded riparian buffers, and reforestation practices are effective BMP's 
that can maintain or improve stream, stormwater, and water quality. 
 

Figure 4-5 depicts the percent wooded area of each of the 38 subwatersheds in the Christina 
Basin.  Map 16 indicates the percentage of wooded land ranges from 10 to 55% in the subwatersheds 
of the Christina Basin.  Subwatersheds with highly wooded areas exceeding 30% include the 
headwaters of the Brandywine Creek above Coatesville and Downingtown, the Brandywine Creek 
above Wilmington, Red Clay Creek near Wooddale, the White Clay Creek and Middle Run above 
Newark, and the Muddy Run and Belltown subwatersheds in the Christina River watershed near 
Newark. 
 

Subwatersheds with large percentages of forests would be targeted for woodland 
conservation and protected land (open space) acquisition.  Subwatersheds with a low percentage of 
forested cover would be prioritized for reforestation BMP's.  The following pollutant potential 
categorization is suggested based on the wooded area of a particular subwatershed: 
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Watershed Pollutant Potential 
 

High  
Medium 

Low 
 

% Wooded Area 
 

0-20 
21-30 
>30 

 
4.6  PRIORITY WATERSHED CATEGORIES 
 

Table 4-6 summarizes a suggested watershed categorization strategy based on Total 
Suspended Sediment Loads, % Impervious Cover, % Agriculture, % Wooded Area, Stream Water 
Quality, and Fish Consumption Advisories.   
 

BMP's can be identified depending on the pollutant potential of a particular subwatershed.  
According to the criteria in Table 4-6, watersheds with low pollutant potential should be considered 
for prevention and preservation efforts such as subdivision ordinances, open space, and riparian 
buffer conservation to protect and prevent degradation of water quality.  Watersheds with high 
pollutant potential would be targeted for restoration, remediation and retrofitting BMP management 
techniques designed to improve and restore water quality.  This watershed prioritization approach is 
a preliminary screening tool.  The final results of the stormwater monitoring and modeling efforts for 
the TMDL approach will be used as the basis for final watershed management criteria.  However, 
the following preliminary ranking provides interim guidance to identify demonstration BMP's and 
conduct public education and outreach efforts until the TMDL's are adapted in later phases.  The 
following subwatersheds are prioritized based on pollution potential: 
 
Brandywine Creek Watershed 
 

High Pollution Potential 
 

B1 West Branch at Honeybrook (PA) 
B6 Doe Run (PA)  
B17 Main Stem through Wilmington (DE) 

 
Medium Pollution Potential 

 
B3 West Branch at Coatesville 
B4 West Branch at Embreeville 
B5 Buck Run 
B7 Broad Creek 
B8 East Branch at Struble Lake 
B9 East Branch at Shamona Creek 
B10 Lower East Branch 
B11 Marsh Creek 
B12 Beaver Creek 
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B14 Main Stem above Chadds Ford 
B15 Pocopson Creek 

Lower Pollution Potential 
 

B2 West Branch at Hibernia 
B13 Valley Creek 
B16 Main Stem below Chadds Ford 

 
Red Clay Creek Watershed 
 

High Pollution Potential 
 

R5 Main Stem below Wooddale (DE) 
 

Medium Pollution Potential 
 

R1 West Branch 
R2 East Branch 
R3 Burrough's Run 

 
Low Pollution Potential 

 
R4 Main Stem above Wooddale 

 
White Clay Creek Watershed 
 

High Pollution Potential 
 

W3 East Branch above Avondale (PA) 
W5 Mill Creek (DE) 
W6 Pike Creek (DE) 
W9 Main Stem above Delaware Park (DE) 
W10 Main Stem at Churchmans Marsh (DE) 

 
Medium Pollution Potential 

 
W1 West Branch 
W2 Middle Branch 
W4 East Branch below Avondale 

 
Low Pollution Potential 

 
W7 Middle Run 
W8 Main Stem above Newark 
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Christina River Basin 
 

High Pollution Potential 
 

C1 East/West Branch above Cooch's Bridge (DE/MD) 
C4 Little Mill Creek (DE) 
C5 Main Stem above Smalley's Pond (DE) 
C6 Main Stem - Tidal (DE) 

 
Medium Pollution Potential 

 
C3 Belltown Run (DE) 

 
Low Pollution Potential 

 
C2 Muddy Run (DE) 

 
 

Of the 38 subwatersheds in the Christina Basin, 13 are identified as high priorities based on 
pollutant potential.  These include 3 agricultural and 10 urban/suburban subwatersheds.  The major 
emphasis should be on locating retrofit urban BMP's in the densely developed areas in the lower 
portion of the basin and funding agricultural BMP's in the northern headwater areas. 
 

It is important to emphasize that the "medium potential" subwatersheds represent significant 
cumulative pollutant potential and must also be addressed by BMP's in this strategy.  The 
subwatersheds with low pollution potential would be addressed using BMP's to protect water quality 
during new development. 
 

These results also are consistent with DNREC's designation of the White Clay Creek and 
Christina River as priority watersheds for BMP implementation.  The prioritization results also 
indicate the West Branch of the Brandywine Creek in Pennsylvania may warrant additional priority 
among State and Federal water quality programs. 
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 CHAPTER 5.  STORMWATER QUALITY MONITORING PLAN 
 
 

The United States Geological Survey (USGS) prepared a recommended stormwater 
monitoring plan for the Christina River Basin.  The purpose of the monitoring plan is to characterize 
stormwater and nonpoint source pollutant loads from representative land uses in the Christina Basin. 
 The sampling plan is designed to collect pollutant load data over a range of hydrologic conditions - 
including base flow and high flow.  The pollutant data will be input to calibrate a watershed model 
(HSPF) which will be used to simulate nonpoint source loading for a Total Maximum Daily Load 
(TMDL) of the Christina Basin. 
 

Appendix C includes the full stormwater monitoring plan prepared by the USGS.  
Stormwater sampling will be conducted for 6 storms over one year beginning in the Fall of 1997.  
Base flow sampling will be conducted for 4 seasons.  High flow grab sampling will be conducted for 
2 seasons.  Sampling and laboratory analyses will include nutrients, sediment, oxygen-demand 
constituents, metals, and others.  The USGS has installed stormwater sampling stations at the 
following locations in the Christina Basin: 
 
Large basin sites 
 

One water-quality site will be established at a downstream location in each of the four major 
drainages to represent cumulative loads to the Christina River estuary.  These sites are at the gage 
furthest downstream on the free-flowing or non-tidal reaches of the streams.  Data collected at these 
sites can be used to calculate both total loads and concentrations of selected constituents for the one-
year study period in each of the streams. 
 

Overall basin nonpoint source water quality sampling sites: 
 

  1.  White Clay Creek near Newark, DE 
USGS station 01479000 DA = 89.1 mi.2 

 
  2.  Red Clay Creek near Wooddale, DE 

USGS station 01480000 DA = 47.0 mi.2 
 

  3.  Brandywine Creek at Chadds Ford, PA 
USGS station 01481000 DA = 287 mi.2 

 
  4.  Christina River at Cooch's Bridge, DE 

USGS station 01478000 DA = 20.5 mi.2 

 

 

Subbasins sites having a single, dominant land use 
 

One water-quality site will be established for each land-use category.  The four primary land-
use categories are:  urban, residential, agricultural, and forested.  Residential and agricultural land 
uses are further subdivided for a total of 7 categories.  Residential is subdivided into sewered and 
non-sewered uses.  Agricultural is subdivided into row crop, livestock, and mushroom uses.  Some  
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proposed sites are at existing USGS streamflow-measurement stations.  At the other proposed sites, 
temporary gages will need to be installed to measure streamflow. 
 

Urban nonpoint source water quality sampling site 
 

  5.  Little Mill Creek near Newport, DE (USGS station 01480095). 
DA = 5.24 mi.2  and 

 
Use stormwater data for commercial and industrial sites from NPDES study 
for New Castle County, DE. 

 
Residential, nonpoint source water quality sampling site 

 
  6.  Sewered - Unnamed tributary to Valley Creek at U. S. Rt. 30/Fairview Road 

near East Caln/West Whiteland township line.  DA = 1.47 mi.2 (need to 
install gage) 

   And 
 

Use stormwater data from New Castle County study. 
 

  7.  Non-sewered - Unnamed tributary to Broad Run north of Rt. 162 and 1.5 mile 
   west of Marshallton.  DA = 1.37 mi.2 (need to install gage) 
 

Agricultural nonpoint source water quality sampling site 
 

  8.  Row crop - Doe Run at Rt. 841 near Springdell.  DA = 11.7 mi.2  
(need to install gage) 

 
  9.  Livestock - West Branch Brandywine Creek near Honeybrook, PA 

(USGS station 01480300).  DA = 18.7 mi.2 
 

10.  Mushroom - Trout Run at Rt. 41 at Toughkenamon.  DA = 1.31mi.2 
 

Forested nonpoint source water quality sampling site 
 

11.  Marsh Creek near Glenmoore, PA (USGS station 01480675).  DA = 8.57 mi.2 
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 CHAPTER 6.  PUBLIC EDUCATION AND OUTREACH PROGRAM 
 
 

Public education and outreach programs are some of the most cost effective best 
management practices (BMP's) that can be implemented to protect and improve water quality.  The 
Christina Basin public education program is directed by the Chester County Conservation District 
with assistance by the Brandywine Valley Association (BVA).  The public outreach program 
includes a series of demonstration BMP's designed to show progress, implement methods to reduce 
stormwater pollutant loads, and improve water quality in the Christina Basin.  The following public 
education and demonstration BMP projects have been implemented to date for the Christina Basin 
Strategy: 
 

•  Public Education/Outreach Programs 
     -  Christina Basin Task Force 
     -  Christina Basin Tour of the Watershed 
     -  Christina Basin Brochure 
     -  Basin Scapes Homeowner's Guides 
     -  Storm Drain Stenciling Project 

 
•  BMP Demonstration Projects 
     -  Friendfield Farms Riparian Corridor Protection Plan (PA) 
     -  Hills of Sullivan Infiltration BMP (PA) 
     -  Pocopson Township Maintenance Building Infiltration/Wetland BMP (PA) 
     -  Modern Mushrooms Tree Plantation (PA) 
     -  East Marlborough Wetland Treatment (PA) 
     -  Hy Tech Compost and Mushroom Farm (PA) 
     -  Buck Run Riparian Planting (PA) 
     -  Buck and Doe Run Farms Reforestation Project (PA) 
     -  Buck Run Farms Riparian Planting (PA) 
     -  Sadsbury Township Stream Restoration (PA) 
     -  City of Newark Bioengineering Demonstration Project (DE) 

 
•  USDA-NRCS Conservation Activities 
     -  Pennsylvania 
     -  Delaware 

 
 

6.1  PUBLIC EDUCATION/OUTREACH PROGRAMS 
 
Christina Basin Task Force 
 

During the summer of 1996, the Chester County Conservation District retained the 
Brandywine Valley Association (BVA) to oversee the Christina Basin Task Force public education 
and outreach efforts.  One of the purposes of the Christina Task Force is to provide a central forum 
for discussion among watershed organizations, local stakeholders and public groups that represent 
the four watersheds in the Basin.  The Christina Basin Task Force is chaired by the BVA and meets 
quarterly to discuss watershed programs along the Brandywine, Red Clay, White Clay Creeks and 
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the Christina River.  The Task Force provides the public outreach function for the overall program.  
It promotes ownership in the Basin Program and allows opportunity for partnerships to be formed 
with other individuals and organizations that are not represented on the overall Basin Committee.  
Topics on the agenda include progress reports on the Christina Basin Water Quality Management 
Strategy and TMDL approach, review of NPDES discharge permit applications, subdivision 
development proposals and other issues that affect the Basin.  In addition to Federal, State, and local 
agencies listed on the cover of this report, the Christina Basin Task Force includes the following 
public environmental organizations: 
 

•  Brandywine Conservancy 
•  Brandywine Valley Association 
•  Delaware Nature Society 
•  Green Delaware 
•  Wilmington River-City Steering Committee 
•  Red Clay Valley Association 
•  White Clay Watershed Association 
•  Christina Conservancy 

 
Water purveyors and wastewater treatment operators invited to participate on the Christina 

Basin Task Force include: 
 

•  Delaware 
     -  Artesian Water Company 
     -  City of Newark 
     -  United Water Delaware 
     -  City of Wilmington 

 
•  Pennsylvania 
     -  Avondale Borough 
     -  Borough of Downingtown 
     -  City of Coatesville Authority 
     -  Downingtown Area Regional Authority 
     -  Philadelphia Suburban Water Company 
     -  West Chester Area Municipal Authority   
     -  West Grove Borough 
      

 
Christina Basin Tour of the Watershed 
 

The Christina Basin Task Force schedules an annual tour of the watershed to review 
demonstration projects and other conservation work.  Members of the public and agencies are 
invited to attend the bus tours.  Over 40 people attended each tour on dates in June, 1996 and 
September, 1997.  The Task Force intends to sponsor another tour in early fall 1998. 
 
 
 
Christina Basin Brochure 
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The BVA published a three-color brochure summarizing the Christina Basin Water Quality 

Management Strategy.  The popular brochure includes a map of the watershed, mission statement, 
explanation of the Christina Basin, troubled waters, and contacts for members of the Committee.  
Over 1,000 brochures have been distributed at meetings, conventions, seminars and through the 
mail. 
 
Basin Scapes Homeowner's Guides 
 

The BVA published a series of Basin Scapes Homeowner's Guides which advocate 
environmentally sound landscapes benefiting people, wildlife and the Christina Basin.  The Basin 
Scapes Guides are adapted from the Chesapeake Bay "Bay Scapes" materials which advocate a 
"holistic" approach to watershed management through principles inspired by the relationships in the 
natural world.  The Basin Scapes have become so popular that other areas like the Northampton 
County Conservation District (PA) have adapted the materials for their watershed.  The color-coded 
Basin Scapes brochures provide information to homeowners on the following topics: 
 

1. Basin Scapes for Wildlife Habit (Orange) - Recommends native trees and shrubs to 
attract species such as hummingbirds and butterflies. 

 
2. Integrated Past Management (Yellow) - Encourages natural biological controls to 

control pests and reduce chemical pesticide use. 
 

3. Conservation Landscaping  (Purple)  - Promotes landscaping management with 
natural lawn care and tree/shrub selection that work with nature to reduce pollution 
and enhance wildlife habitat. 

 
4. Basin Scaping for the Long Term (Blue) - Incorporates native plantings in 

landscaping to minimize water use and lawn chemical use and provide cover and 
food for wildlife and reduce runoff. 

 
5. Using Beneficial Plants (Green) - Lists the beneficial native plants that require less 

fertilizer and pesticides to reduce pollutants carried by rainwater. 
    
6. Creating Landscape Diversity (Grey) - Advocates landscape diversity using ground 

covers, gardens, and hedges that increase infiltration and reduce runoff from land 
into local waterways. 

 
7. Basin Scaping to Conserve Water (Tan) - Identifies opportunities to save and 

conserve water supplies in home landscapes. 
 
 
 
 
 
 
Storm Drain Stenciling Project 
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The Chester County Conservation District sponsored a storm drain stenciling project to 

heighten public awareness about connection between illicit dumping and clean water.  The CCCD 
prepared a stencil with a fish message which says "DON'T DUMP."  In the Christina Basin, 
volunteers painted the fish message on street storm drains to remind everyone that nonpoint source 
pollution can harm aquatic life and humans.  Volunteers were reminded that many home care lawn 
and garden products, if not applied correctly or disposed of properly, end up in the curb sidestorm 
drain.  A door hanger was distributed to residences within the towns explaining where you can go to 
safely dispose and recycle this material.   A "fish-shaped" door hanger was designed to remind the 
public that household chemicals, pesticides, fertilizers, used motor oil, and yard or pet wastes should 
never be dumped down the storm drain.  Otherwise, debris, litter, and chemicals washed down storm 
drains ends up in local waterways like the Brandywine Creek.  Over 300 storm drains were painted 
and 1500 fish messages have been distributed.  The stenciling program attracted national attention 
and there were three requests from other organizations in the U.S. for information. 
 

The following municipalities have participated in the Christina Basin Storm Drain Stenciling 
Project: 
 

•  West Chester Borough 
•  Parkesburg Borough 
•  Kennett Square Borough 
•  Avondale Borough 
•  Kennett Township 
•  West Goshen Township 
•  Uwchlan Township 

 
6.2  BMP DEMONSTRATION PROJECTS 
 
Friendfield Farm 
 

Located in the head waters of the East Bank of the White Clay Creek, in London Township, 
Pennsylvania, Friendfield Farm has a horse operation.  Approximately 1000 feet of White Clay 
Creek runs through the property.  The landowners working with Landscape Architect, Jessie Farrell, 
and Nurseryman, Jim Plyer, developed a riparian corridor protection plan,  fencing for livestock 
exclusion, native tree plantation, and wetland enhancement protection Best Management Practices.  
A portion of the cost of the project was funded by Phase I of the Christina Basin Program. 
 
Hills of Sullivan  
 

The Hills of Sullivan residential development is located along the Main Branch of the White 
Clay Creek in New Garden Township, Chester County.  New homes are being developed on the 
hillside overlooking the creek.  The local township along with developer, Judd Builders Inc., were 
concerned the typical stormwater management basin may cause more water quality impacts than the 
preconstruction overland flow conditions.  As an alternative, most of the runoff from the lawn areas 
are diverted to a series of shallow level spreaders which cascade the stormwater safely off the 
hillside.  Some infiltration takes place within the spreaders.  Technical assistance was provided by 
the Christina Basin program.   
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Pocopson Township 
 

In 1995, Pocopson Township, Pennsylvania began constructing a new township garage along 
the banks of the Pocopson Creek in the Brandywine Watershed.  Pocopson Township supervisors, 
known for trend setting, were not comfortable with just putting up a simple garage building.  
Working with L.A. Kelly Gutshall and Landstudies in Oxford, Pocopson installed an innovative 
system to control stormwater from the buildings and parking areas.  Infiltration beds were designed 
to handle the majority of stormwater from the building.  A basin was enhanced for water quality and 
wetland planting.  A low maintenance species of native grass was established to minimize cost and 
staffing time.  The Christina Basin Program funded a portion of the cost for this project. 
 
Modern Mushroom, Inc. 
 

Modern Mushroom Farms, a leader in the agricultural industry for installing Best 
Management Practices for water quality, were working to resolve problems in using grass fields to 
spray areas with runoff water.  Modern Mushrooms is situated along the Red Clay Creek in New 
Garden Township, Pennsylvania.  Spray drift onto adjoining properties and frozen ground in the 
winter severely limited the use of one of their larger spray fields.  A decision was made to establish a 
tree plantation on the field.  A mixture of hybrid poplar and pine tree stock was planted in the late 
1996.  It is expected that once the trees are established the spray drift will no longer be a problem; 
the tree cover and drift will provide additional infiltration and the spray fields can be utilized in a 
limited capacity further into the winter.  The Christina Basin Program provided partial funding for 
the plantings.   
 
East Marlborough Wetland Treatment 
 

East Marlborough Wetland Treatment was a stop on the tour.  The BMP project 
demonstrated alternative  methods of municipal waste utilization by enhanced wetland treatment for 
domestic septage and land application of wastewater by Spray Irrigation.  The township had many 
areas of failing on lot septic systems in and around Unionville and also new developments in which 
on site septic systems would not be acceptable.  The system provides needed ground water recharge 
and was an alternative to traditional stream discharge of treated effluent. 
 
Hy Tech Compost and Mushroom Farm 
 

The Hy Tech Compost and Mushroom Farm has been a cooperator with the Chester County 
Conservation District since the early 1980's.  Located right next to the Avondale Sewage Treatment 
Plant and a tributary to the White Clay Creek, this fresh compost and mushroom growing operation 
installed wharf runoff controls, 2 recycle runoff water storage with monitoring wells, aerators to 
minimize odors, and other runoff BMP's.  Hy Tech has also installed state of the art machinery to 
more efficiently aerate and hydrate raw materials used to make fresh mushroom compost.  The 
machinery enables Hy Tech to shorten the composting timeframe and have a more consistent 
compost mix.  The Needham Family and Hy Tech managers have been early supporters of the 
Chester County Conservation District's efforts to secure funding for the PL83-566 Land Treatment 
Program for the Red and White Clay Creeks watersheds. 
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Buck Run Riparian Planting 
 

Two landowners have been working in Buck Run, a tributary of the West Branch of the 
Brandywine Creek to improve the riparian buffers.  Much of the land adjoining Buck Run has been 
protected by easements with the Brandywine Conservancy. 
 
Buck and Doe Run Farms 
 

Art DeLeo is the owner of Buck and Doe Run Farms.   Art has been a cooperator with the 
Conservation District since 1987.  Art's goal is to reforest the land along the 15,000 lineal feet of 
creek with native deciduous trees.  Prior to 1996, he has planted approximately 850 trees within the 
riparian area.  As part of the Christina Basin program, an additional 800 mixed deciduous seedlings 
with tree mats were planted.  Art worked with Natural Landscaping Nursery to establish the trees. 
 
Buck Run Farms  
 

William Elkins of Buck Run Farms has also been a cooperator with the Chester County 
Conservation District since the early 1980's.  With assistance from Tim Smail, NRCS, Bill was an 
early practitioner of rotational grazing and the use of warm season grasses for his beef herd.  Bill has 
previously installed stream bank fencing, protected cattle crossings, and watering troughs on the 
farm.  As part of the Christina demonstration, additional protection, improved stream crossings, and 
riparian area tree planting has been installed. 
 
Sadsbury Township Bert Rael Park Stream Restoration 
 

Sadsbury Township supervisors requested assistance to stabilize severely eroded sections of 
streambank on Buck Run within the Township Park.  This area has steep slopes adjacent to the 
creek, and the stream corridor is wooded.  Much of the erosion has been caused by an adjacent 
railroad embankment, road runoff, and development in the upper reaches of the watershed.  The 
NRCS is providing assistance.  The project is stated to be completed by June 1998.  It will be a 
combination of bioengineering and hard armoring to restore eroded streambanks. 
 
Newark Bioengineering Demonstration Project 
 
The City of Newark, Delaware installed an experimental stream restoration (bioengineering project) 
along the Upper Christina River in Rittenhouse Park.  The Upper Christina River experiences stream 
bank erosion which results in sedimentation/siltation, loss of habitat, and loss of trees.  Stream 
erosion is a major contributor to downstream sediment  loads.  The bioengineering project was tried 
on an experimental basis to determine if native vegetation and other natural methods can be used to 
restore high velocity, Christina Basin streams in the Piedmont.  If successful, the bioengineering 
methods can be applied to other stream reaches in the Christina Basin. 
 
 

Funds for the Newark bioengineering project were obtained from the following sources: 
 
DNREC Phase I Section 319 Grant 
USEPA TMDL Mini - Grant 

Delaware Dept. of Agriculture, Forestry 
City of Newark Capital Budget 



 
 6−7 

USDA - NRCS In - Kind Service 
 
Total 
 

$25,000 
$10,000 
$  4,000 
$10,000 
$10,000 
 
$49,000 

The following agencies participated in the project: 
 
Designed By: USDA Natural Resources Conservation Service 
Sponsored By: City of Newark 

Water Resources Agency for New Castle County 
New Castle Conservation District  

 
Funded By: City of Newark 

USEPA, Region III 
Delaware Dept. of Agriculture 
Delaware DNREC 

 
Once funding was secured, the USDA completed construction drawings in January, 1996.  

Approximately 500 linear feet of stream bank was treated with three experimental bioengineering 
techniques.  At a cost of $49,000 the average unit cost is $100 per linear foot.  The following 
bioengineering techniques were installed by stream volunteers and a contractor in April and May, 
1996: 
 
Vegetated Geogrid - Installed along 154 linear feet with rock at the toe bank with geotextile and live 
   native cuttings installed at the top bank. 
 
Brush Mattress - Installed along 85 linear feet and includes rock riprap at toe of bank with live  
  planting brush mattress installed at the top of slope. 
 
Double Fiber Roll - Installed along 240 linear feet consisting of a double row of coconut fiber         
   logs stacked at the toe of the slope.  Live willow cuttings were inserted 
   into the coconut logs. 
 

In May 1998, the bioengineering will be in place for 2 growing seasons.  Table 6-1 provides 
a performance evaluation of the project.  The results are mixed.  Approximately 50% of the 
vegetation is thriving at the brush mattress and coconut fiber log sections.  Less than half of the 
willow cuttings have survived at the vegetated geogrid particularly in shaded areas.  Some of the 
lessons learned from this demonstration bioengineering project include: 
 
 

•  Select shade tolerant native species 
•  Restrict access by ducks and geese 
•  Delineate a 25-feet wide no-mow zone along the stream 
•  Use rock at the toe of slope and vegetation along the top of slope 
•  Store cuttings in a cold place and keep moist    
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6.3  USDA-NRCS CONSERVATION PROGRAM 
 

The following Conservation BMP's were installed by the USDA-NRCS utilizing funding 
from the existing Federal Red Clay-White Clay PL83-566 program, Environment Quality Incentive 
Program (EQIP), Conservation Reserve Program (CRP), and District Cost-Share program. 
 
Chester County, Pennsylvania 
 

The following is a summary report of NRCS activities in the Christina Basin watershed in 
Chester County in the past year.  Currently there are 36 preliminary requests for assistance in the 
PL83-566 program. 
 

Red and White Clay PL83-566 Program Contracts are a total of 11 for 1469 acres-- $559,000 
in direct land treatment assistance. 
 

Environmental Quality Incentive Program Contracts are a total of 9 for 994 acres-- 
$32,881.00 in direct land treatment assistance. 
 
Since the PL83-566 program started, the following practices have been completed: 
 

Waste Storage Facilities  2 
Critical Area Planting   9 ac. 
Diversion   6,400 ft. 
Grassed Waterways   4 ac. 
Pond Seeding   2 
Structure for Water Control  2 
Subsurface Drainage   1,560ft. 
Underground Outlet   750 ft. 

 
Planned contract practices include: 
 

Waste Storage Facilities  11                                                                              
 Compost Stacking Pads  7 

Sediment Basins   2 
Diversion   4,225 ft. 
Filter Strip/Riparian Area  18 ac. 
Grassed Waterways   7 ac. 
Spray Irrigation System  19 ac. 
Lined Waterways   450 ft. 
Hayland Planting   287 ac. 
Heavy Use Area Protection  24 ac. 
Structures for Water Control   7 
Nutrient Management Plans  1,529 ac. 
Pest Management Plans  158 ac. 
Tree Planting   20 ac. 
Terraces    8,220 ft. 
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New Castle County, Delaware 
 

The following list summarizes the NRCS and New Castle Conservation District conservation 
activities, both planned and under contract, for the Christina Basin watershed for the past year. 
 

Red and White Clay Creeks PL83-566 Program 
Hay planting     42.5 acs 
Nutrient Management Plans    19.0 acs 
Riparian Buffer Restoration  > 1 ac 

 
I-EQIP 
Agriculture Waste Structure 
Spray Irrigation System 

 
Conservation Reserve Program 
Private Lands   224 acs 

 
District Cost Share Program 
Water Control/Quality Structures 
Stream Bank Stabilization 
Wetland Pond Installation 
Manure Storage Structure 
Pasture Management 

 
Conservation Practices Installed/Proposed - no Program Affiliation 
Tree Planting     45 acs 
Intensive Grazing/Waterway    30 acs 
Agriculture Waste Structure 
Animal Waste Storage Structure 
 

 
 

 
 
 
 
 
 
 
 



 
 6−10  



 
 6−11 

 

…  



 
 6−12 

Page intentionally left blank 
 
 



 
 6−1 

 CHAPTER 6.  PUBLIC EDUCATION AND OUTREACH PROGRAM 
 
 

Public education and outreach programs are some of the most cost effective best 
management practices (BMP's) that can be implemented to protect and improve water quality.  The 
Christina Basin public education program is directed by the Chester County Conservation District 
with assistance by the Brandywine Valley Association (BVA).  The public outreach program 
includes a series of demonstration BMP's designed to show progress, implement methods to reduce 
stormwater pollutant loads, and improve water quality in the Christina Basin.  The following public 
education and demonstration BMP projects have been implemented to date for the Christina Basin 
Strategy: 
 

•  Public Education/Outreach Programs 
     -  Christina Basin Task Force 
     -  Christina Basin Tour of the Watershed 
     -  Christina Basin Brochure 
     -  Basin Scapes Homeowner's Guides 
     -  Storm Drain Stenciling Project 

 
•  BMP Demonstration Projects 
     -  Friendfield Farms Riparian Corridor Protection Plan (PA) 
     -  Hills of Sullivan Infiltration BMP (PA) 
     -  Pocopson Township Maintenance Building Infiltration/Wetland BMP (PA) 
     -  Modern Mushrooms Tree Plantation (PA) 
     -  East Marlborough Wetland Treatment (PA) 
     -  Hy Tech Compost and Mushroom Farm (PA) 
     -  Buck Run Riparian Planting (PA) 
     -  Buck and Doe Run Farms Reforestation Project (PA) 
     -  Buck Run Farms Riparian Planting (PA) 
     -  Sadsbury Township Stream Restoration (PA) 
     -  City of Newark Bioengineering Demonstration Project (DE) 

 
•  USDA-NRCS Conservation Activities 
     -  Pennsylvania 
     -  Delaware 

 
 

6.1  PUBLIC EDUCATION/OUTREACH PROGRAMS 
 
Christina Basin Task Force 
 

During the summer of 1996, the Chester County Conservation District retained the 
Brandywine Valley Association (BVA) to oversee the Christina Basin Task Force public education 
and outreach efforts.  One of the purposes of the Christina Task Force is to provide a central forum 
for discussion among watershed organizations, local stakeholders and public groups that represent 
the four watersheds in the Basin.  The Christina Basin Task Force is chaired by the BVA and meets 
quarterly to discuss watershed programs along the Brandywine, Red Clay, White Clay Creeks and 
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the Christina River.  The Task Force provides the public outreach function for the overall program.  
It promotes ownership in the Basin Program and allows opportunity for partnerships to be formed 
with other individuals and organizations that are not represented on the overall Basin Committee.  
Topics on the agenda include progress reports on the Christina Basin Water Quality Management 
Strategy and TMDL approach, review of NPDES discharge permit applications, subdivision 
development proposals and other issues that affect the Basin.  In addition to Federal, State, and local 
agencies listed on the cover of this report, the Christina Basin Task Force includes the following 
public environmental organizations: 
 

•  Brandywine Conservancy 
•  Brandywine Valley Association 
•  Delaware Nature Society 
•  Green Delaware 
•  Wilmington River-City Steering Committee 
•  Red Clay Valley Association 
•  White Clay Watershed Association 
•  Christina Conservancy 

 
Water purveyors and wastewater treatment operators invited to participate on the Christina 

Basin Task Force include: 
 

•  Delaware 
     -  Artesian Water Company 
     -  City of Newark 
     -  United Water Delaware 
     -  City of Wilmington 

 
•  Pennsylvania 
     -  Avondale Borough 
     -  Borough of Downingtown 
     -  City of Coatesville Authority 
     -  Downingtown Area Regional Authority 
     -  Philadelphia Suburban Water Company 
     -  West Chester Area Municipal Authority   
     -  West Grove Borough 
      

 
Christina Basin Tour of the Watershed 
 

The Christina Basin Task Force schedules an annual tour of the watershed to review 
demonstration projects and other conservation work.  Members of the public and agencies are 
invited to attend the bus tours.  Over 40 people attended each tour on dates in June, 1996 and 
September, 1997.  The Task Force intends to sponsor another tour in early fall 1998. 
 
 
 
Christina Basin Brochure 
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The BVA published a three-color brochure summarizing the Christina Basin Water Quality 

Management Strategy.  The popular brochure includes a map of the watershed, mission statement, 
explanation of the Christina Basin, troubled waters, and contacts for members of the Committee.  
Over 1,000 brochures have been distributed at meetings, conventions, seminars and through the 
mail. 
 
Basin Scapes Homeowner's Guides 
 

The BVA published a series of Basin Scapes Homeowner's Guides which advocate 
environmentally sound landscapes benefiting people, wildlife and the Christina Basin.  The Basin 
Scapes Guides are adapted from the Chesapeake Bay "Bay Scapes" materials which advocate a 
"holistic" approach to watershed management through principles inspired by the relationships in the 
natural world.  The Basin Scapes have become so popular that other areas like the Northampton 
County Conservation District (PA) have adapted the materials for their watershed.  The color-coded 
Basin Scapes brochures provide information to homeowners on the following topics: 
 

1. Basin Scapes for Wildlife Habit (Orange) - Recommends native trees and shrubs to 
attract species such as hummingbirds and butterflies. 

 
2. Integrated Past Management (Yellow) - Encourages natural biological controls to 

control pests and reduce chemical pesticide use. 
 

3. Conservation Landscaping  (Purple)  - Promotes landscaping management with 
natural lawn care and tree/shrub selection that work with nature to reduce pollution 
and enhance wildlife habitat. 

 
4. Basin Scaping for the Long Term (Blue) - Incorporates native plantings in 

landscaping to minimize water use and lawn chemical use and provide cover and 
food for wildlife and reduce runoff. 

 
5. Using Beneficial Plants (Green) - Lists the beneficial native plants that require less 

fertilizer and pesticides to reduce pollutants carried by rainwater. 
    
6. Creating Landscape Diversity (Grey) - Advocates landscape diversity using ground 

covers, gardens, and hedges that increase infiltration and reduce runoff from land 
into local waterways. 

 
7. Basin Scaping to Conserve Water (Tan) - Identifies opportunities to save and 

conserve water supplies in home landscapes. 
 
 
 
 
 
 
Storm Drain Stenciling Project 



 
 6−4 

 
The Chester County Conservation District sponsored a storm drain stenciling project to 

heighten public awareness about connection between illicit dumping and clean water.  The CCCD 
prepared a stencil with a fish message which says "DON'T DUMP."  In the Christina Basin, 
volunteers painted the fish message on street storm drains to remind everyone that nonpoint source 
pollution can harm aquatic life and humans.  Volunteers were reminded that many home care lawn 
and garden products, if not applied correctly or disposed of properly, end up in the curb sidestorm 
drain.  A door hanger was distributed to residences within the towns explaining where you can go to 
safely dispose and recycle this material.   A "fish-shaped" door hanger was designed to remind the 
public that household chemicals, pesticides, fertilizers, used motor oil, and yard or pet wastes should 
never be dumped down the storm drain.  Otherwise, debris, litter, and chemicals washed down storm 
drains ends up in local waterways like the Brandywine Creek.  Over 300 storm drains were painted 
and 1500 fish messages have been distributed.  The stenciling program attracted national attention 
and there were three requests from other organizations in the U.S. for information. 
 

The following municipalities have participated in the Christina Basin Storm Drain Stenciling 
Project: 
 

•  West Chester Borough 
•  Parkesburg Borough 
•  Kennett Square Borough 
•  Avondale Borough 
•  Kennett Township 
•  West Goshen Township 
•  Uwchlan Township 

 
6.2  BMP DEMONSTRATION PROJECTS 
 
Friendfield Farm 
 

Located in the head waters of the East Bank of the White Clay Creek, in London Township, 
Pennsylvania, Friendfield Farm has a horse operation.  Approximately 1000 feet of White Clay 
Creek runs through the property.  The landowners working with Landscape Architect, Jessie Farrell, 
and Nurseryman, Jim Plyer, developed a riparian corridor protection plan,  fencing for livestock 
exclusion, native tree plantation, and wetland enhancement protection Best Management Practices.  
A portion of the cost of the project was funded by Phase I of the Christina Basin Program. 
 
Hills of Sullivan  
 

The Hills of Sullivan residential development is located along the Main Branch of the White 
Clay Creek in New Garden Township, Chester County.  New homes are being developed on the 
hillside overlooking the creek.  The local township along with developer, Judd Builders Inc., were 
concerned the typical stormwater management basin may cause more water quality impacts than the 
preconstruction overland flow conditions.  As an alternative, most of the runoff from the lawn areas 
are diverted to a series of shallow level spreaders which cascade the stormwater safely off the 
hillside.  Some infiltration takes place within the spreaders.  Technical assistance was provided by 
the Christina Basin program.   
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Pocopson Township 
 

In 1995, Pocopson Township, Pennsylvania began constructing a new township garage along 
the banks of the Pocopson Creek in the Brandywine Watershed.  Pocopson Township supervisors, 
known for trend setting, were not comfortable with just putting up a simple garage building.  
Working with L.A. Kelly Gutshall and Landstudies in Oxford, Pocopson installed an innovative 
system to control stormwater from the buildings and parking areas.  Infiltration beds were designed 
to handle the majority of stormwater from the building.  A basin was enhanced for water quality and 
wetland planting.  A low maintenance species of native grass was established to minimize cost and 
staffing time.  The Christina Basin Program funded a portion of the cost for this project. 
 
Modern Mushroom, Inc. 
 

Modern Mushroom Farms, a leader in the agricultural industry for installing Best 
Management Practices for water quality, were working to resolve problems in using grass fields to 
spray areas with runoff water.  Modern Mushrooms is situated along the Red Clay Creek in New 
Garden Township, Pennsylvania.  Spray drift onto adjoining properties and frozen ground in the 
winter severely limited the use of one of their larger spray fields.  A decision was made to establish a 
tree plantation on the field.  A mixture of hybrid poplar and pine tree stock was planted in the late 
1996.  It is expected that once the trees are established the spray drift will no longer be a problem; 
the tree cover and drift will provide additional infiltration and the spray fields can be utilized in a 
limited capacity further into the winter.  The Christina Basin Program provided partial funding for 
the plantings.   
 
East Marlborough Wetland Treatment 
 

East Marlborough Wetland Treatment was a stop on the tour.  The BMP project 
demonstrated alternative  methods of municipal waste utilization by enhanced wetland treatment for 
domestic septage and land application of wastewater by Spray Irrigation.  The township had many 
areas of failing on lot septic systems in and around Unionville and also new developments in which 
on site septic systems would not be acceptable.  The system provides needed ground water recharge 
and was an alternative to traditional stream discharge of treated effluent. 
 
Hy Tech Compost and Mushroom Farm 
 

The Hy Tech Compost and Mushroom Farm has been a cooperator with the Chester County 
Conservation District since the early 1980's.  Located right next to the Avondale Sewage Treatment 
Plant and a tributary to the White Clay Creek, this fresh compost and mushroom growing operation 
installed wharf runoff controls, 2 recycle runoff water storage with monitoring wells, aerators to 
minimize odors, and other runoff BMP's.  Hy Tech has also installed state of the art machinery to 
more efficiently aerate and hydrate raw materials used to make fresh mushroom compost.  The 
machinery enables Hy Tech to shorten the composting timeframe and have a more consistent 
compost mix.  The Needham Family and Hy Tech managers have been early supporters of the 
Chester County Conservation District's efforts to secure funding for the PL83-566 Land Treatment 
Program for the Red and White Clay Creeks watersheds. 
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Buck Run Riparian Planting 
 

Two landowners have been working in Buck Run, a tributary of the West Branch of the 
Brandywine Creek to improve the riparian buffers.  Much of the land adjoining Buck Run has been 
protected by easements with the Brandywine Conservancy. 
 
Buck and Doe Run Farms 
 

Art DeLeo is the owner of Buck and Doe Run Farms.   Art has been a cooperator with the 
Conservation District since 1987.  Art's goal is to reforest the land along the 15,000 lineal feet of 
creek with native deciduous trees.  Prior to 1996, he has planted approximately 850 trees within the 
riparian area.  As part of the Christina Basin program, an additional 800 mixed deciduous seedlings 
with tree mats were planted.  Art worked with Natural Landscaping Nursery to establish the trees. 
 
Buck Run Farms  
 

William Elkins of Buck Run Farms has also been a cooperator with the Chester County 
Conservation District since the early 1980's.  With assistance from Tim Smail, NRCS, Bill was an 
early practitioner of rotational grazing and the use of warm season grasses for his beef herd.  Bill has 
previously installed stream bank fencing, protected cattle crossings, and watering troughs on the 
farm.  As part of the Christina demonstration, additional protection, improved stream crossings, and 
riparian area tree planting has been installed. 
 
Sadsbury Township Bert Rael Park Stream Restoration 
 

Sadsbury Township supervisors requested assistance to stabilize severely eroded sections of 
streambank on Buck Run within the Township Park.  This area has steep slopes adjacent to the 
creek, and the stream corridor is wooded.  Much of the erosion has been caused by an adjacent 
railroad embankment, road runoff, and development in the upper reaches of the watershed.  The 
NRCS is providing assistance.  The project is stated to be completed by June 1998.  It will be a 
combination of bioengineering and hard armoring to restore eroded streambanks. 
 
Newark Bioengineering Demonstration Project 
 
The City of Newark, Delaware installed an experimental stream restoration (bioengineering project) 
along the Upper Christina River in Rittenhouse Park.  The Upper Christina River experiences stream 
bank erosion which results in sedimentation/siltation, loss of habitat, and loss of trees.  Stream 
erosion is a major contributor to downstream sediment  loads.  The bioengineering project was tried 
on an experimental basis to determine if native vegetation and other natural methods can be used to 
restore high velocity, Christina Basin streams in the Piedmont.  If successful, the bioengineering 
methods can be applied to other stream reaches in the Christina Basin. 
 
 

Funds for the Newark bioengineering project were obtained from the following sources: 
 
DNREC Phase I Section 319 Grant 
USEPA TMDL Mini - Grant 

Delaware Dept. of Agriculture, Forestry 
City of Newark Capital Budget 
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USDA - NRCS In - Kind Service 
 
Total 
 

$25,000 
$10,000 
$  4,000 
$10,000 
$10,000 
 
$49,000 

The following agencies participated in the project: 
 
Designed By: USDA Natural Resources Conservation Service 
Sponsored By: City of Newark 

Water Resources Agency for New Castle County 
New Castle Conservation District  

 
Funded By: City of Newark 

USEPA, Region III 
Delaware Dept. of Agriculture 
Delaware DNREC 

 
Once funding was secured, the USDA completed construction drawings in January, 1996.  

Approximately 500 linear feet of stream bank was treated with three experimental bioengineering 
techniques.  At a cost of $49,000 the average unit cost is $100 per linear foot.  The following 
bioengineering techniques were installed by stream volunteers and a contractor in April and May, 
1996: 
 
Vegetated Geogrid - Installed along 154 linear feet with rock at the toe bank with geotextile and live 
   native cuttings installed at the top bank. 
 
Brush Mattress - Installed along 85 linear feet and includes rock riprap at toe of bank with live  
  planting brush mattress installed at the top of slope. 
 
Double Fiber Roll - Installed along 240 linear feet consisting of a double row of coconut fiber         
   logs stacked at the toe of the slope.  Live willow cuttings were inserted 
   into the coconut logs. 
 

In May 1998, the bioengineering will be in place for 2 growing seasons.  Table 6-1 provides 
a performance evaluation of the project.  The results are mixed.  Approximately 50% of the 
vegetation is thriving at the brush mattress and coconut fiber log sections.  Less than half of the 
willow cuttings have survived at the vegetated geogrid particularly in shaded areas.  Some of the 
lessons learned from this demonstration bioengineering project include: 
 
 

•  Select shade tolerant native species 
•  Restrict access by ducks and geese 
•  Delineate a 25-feet wide no-mow zone along the stream 
•  Use rock at the toe of slope and vegetation along the top of slope 
•  Store cuttings in a cold place and keep moist    
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6.3  USDA-NRCS CONSERVATION PROGRAM 
 

The following Conservation BMP's were installed by the USDA-NRCS utilizing funding 
from the existing Federal Red Clay-White Clay PL83-566 program, Environment Quality Incentive 
Program (EQIP), Conservation Reserve Program (CRP), and District Cost-Share program. 
 
Chester County, Pennsylvania 
 

The following is a summary report of NRCS activities in the Christina Basin watershed in 
Chester County in the past year.  Currently there are 36 preliminary requests for assistance in the 
PL83-566 program. 
 

Red and White Clay PL83-566 Program Contracts are a total of 11 for 1469 acres-- $559,000 
in direct land treatment assistance. 
 

Environmental Quality Incentive Program Contracts are a total of 9 for 994 acres-- 
$32,881.00 in direct land treatment assistance. 
 
Since the PL83-566 program started, the following practices have been completed: 
 

Waste Storage Facilities  2 
Critical Area Planting   9 ac. 
Diversion   6,400 ft. 
Grassed Waterways   4 ac. 
Pond Seeding   2 
Structure for Water Control  2 
Subsurface Drainage   1,560ft. 
Underground Outlet   750 ft. 

 
Planned contract practices include: 
 

Waste Storage Facilities  11                                                                              
 Compost Stacking Pads  7 

Sediment Basins   2 
Diversion   4,225 ft. 
Filter Strip/Riparian Area  18 ac. 
Grassed Waterways   7 ac. 
Spray Irrigation System  19 ac. 
Lined Waterways   450 ft. 
Hayland Planting   287 ac. 
Heavy Use Area Protection  24 ac. 
Structures for Water Control   7 
Nutrient Management Plans  1,529 ac. 
Pest Management Plans  158 ac. 
Tree Planting   20 ac. 
Terraces    8,220 ft. 
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New Castle County, Delaware 
 

The following list summarizes the NRCS and New Castle Conservation District conservation 
activities, both planned and under contract, for the Christina Basin watershed for the past year. 
 

Red and White Clay Creeks PL83-566 Program 
Hay planting     42.5 acs 
Nutrient Management Plans    19.0 acs 
Riparian Buffer Restoration  > 1 ac 

 
I-EQIP 
Agriculture Waste Structure 
Spray Irrigation System 

 
Conservation Reserve Program 
Private Lands   224 acs 

 
District Cost Share Program 
Water Control/Quality Structures 
Stream Bank Stabilization 
Wetland Pond Installation 
Manure Storage Structure 
Pasture Management 

 
Conservation Practices Installed/Proposed - no Program Affiliation 
Tree Planting     45 acs 
Intensive Grazing/Waterway    30 acs 
Agriculture Waste Structure 
Animal Waste Storage Structure 
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