
 
 
 
           March 15, 2011 
Stacy McNatt, P.E. 
New Castle County 
Department of Planning 
87 Reads Way 
New Castle, DE 19720 
 
RE: Report on Water Resource Protection Areas in New Castle County 
 
Dear Ms. McNatt: 
 
Enclosed is our report that updates the draft report submitted on August 25, 2009 summarizing projects 
developed in Water Resource Protection Areas in New Castle County since 1990.  Our GIS analysis 
indicates 180 projects have been reviewed for development in WRPAs covering 20.2 square miles of 
land area.  Twenty two WRPA projects have water management agreements.  Water monitoring 
reports indicate groundwater quality and quantity have largely been preserved under the WRPA 
provisions of New Castle County Code.  We have developed an interactive web-based WRPA project 
mapping system that you may view on http://brandywine.dgs.udel.edu/WRPAs/.  Please review the 
report and accompanying mapping and forward your comments. 
 
Should you have any questions, please do not hesitate to contact our office at 302-831-4929 or 
ahomsey@udel.edu or jerryk@udel.edu. 
 
Warmly, 

 
Andrew R. Homsey       Gerald J. Kauffman, P.E. 
GIS Services Manager      Director 
 
Cc:  George Haggerty, New Castle County 
 Michael Clar, New Castle County 
 John Gysling, New Castle County 
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Report on Water Resource Protection Areas 
New Castle County, Delaware 

March 14, 2011 
 

Introduction 
 
Since 1990, New Castle County Code has protected Water Resource Protection Areas during new 
development to protect the quality and quantity of ground and surface water supplies.  Under the 
Unified Development Code adopted in 1997, development within recharge, wellhead, Cockeysville 
formation, and reservoir water resource protection areas may not exceed maximum impervious cover 
thresholds (20% to 50%) and may require water management agreements, groundwater recharge 
facilities, and water monitoring plans.  WRPAs protect 20% of New Castle County’s land area in 
delineated floodplains and erosion prone slopes above surface water intakes, reservoir watersheds, 
Cockeysville limestone formation outcrop/drainage areas, wellhead, and groundwater recharge areas. 
 
Figures 1 and 2 delineate water resource protection area mapping in New Castle County, Delaware.  
Watershed boundaries (in red) delineate source waters upstream from drinking water intakes.  The 
maps delineate WRPAs such as wellhead, recharge, Cockeysville limestone, reservoir, and floodplain 
areas which are protected by New Castle County Unified Development Code. 
 
This report summarizes the status of 180 projects proposed for development in Water Resource 
Protection Areas in New Castle County since 1990.  We have assembled a GIS data base and mapping 
summarizing the groundwater recharge facilities and water management agreements authorized under 
New Castle County Code since 1990. 
 
Scope of Work 
 
The University of Delaware Water Resources Agency completed this project according by the 
following scope of work: 
 
1. WRPA Base Map - Prepare a GIS base map with parcels and aerial photography overlaid with the 

following water resource protection areas protected by the Unified Development Code: 
• Wellhead 
• Recharge 
• Cockeysville Formation and Drainage Area 
• Hoopes Reservoir 
• Floodplain 
• Erosion Prone Slope 
 

2. Water Management Agreement Database - Search project files and records of decision by the 
Resource Protection Area Technical Advisory Committee (RPATAC) and update the water 
recharge facility database that summarizes projects proposed in WRPAs since 1990.  The data base 
includes the following parameters: 

• Name of development 
• Area (ac) 
• WRPA type 
• Watershed 
• North/south of C&D Canal 



 3

• Dates of application, RPATAC, record of decision, water management agreement, approval 
• % impervious 
• Type of recharge facility (recharge basin, underground, etc.) 
• Water monitoring parameters 

 
3. Field Reconnaissance – Conduct a field visit to each water recharge facility to verify location and 

evaluate the condition of the facility.  Visually document the project with photographs. 
 
4. Mapping – Delineate the location of each development and recharge facility on the WRPA base 

map.  Prepare a series of digital maps on a web site in a “point and click” format. 
 
5. Report - Prepare a report summarizing WRPA projects, recharge facilities, and water management 

agreements including a survey of water quality monitoring trends. 
 
Water Resource Protection Area Ordinance 
 
Streams and aquifers in New Castle County provide drinking water for over 500,000 people or 60% of 
Delaware’s population.  About 75% of the drinking water for New Castle County is withdrawn from 
streams in the Christina Basin that originate upstream in Pennsylvania and Maryland.  New Castle 
County residents consume drinking water from the Brandywine Creek, Red Clay Creek, White Clay 
Creek, and the Christina River.  Groundwater in the Piedmont and Coastal Plain supplies the remaining 
25% of New Castle County’s drinking water. 
   
In 1987, the Water Resources Agency for New Castle County (WRA) partnered with the Delaware 
Department of Natural Resources and Environmental Control (DNREC) and Delaware Geological 
Survey (DGS) to develop a set of maps in New Castle County that depicted overlay districts most 
critical for maintaining the quality and quantity of water resources utilized for public water supplies.  
In 1990, WRA assisted the City of Newark and New Castle County in developing WRPA ordinances 
to protect public water supplies.  These WRPA ordinances were adopted in September 1991 as the first 
source water protection codes in Delaware and among the first WRPA ordinances in the United States. 
 
The New Castle County Unified Development Code was adopted in 2007 that delineated resource 
protection areas to conserve environmental features such as floodplains, erosion prone slopes, 
Cockeysville limestone formation, aquifer recharge, wellhead, and reservoir watershed protection 
areas.  The UDC seeks to protect to protect the quality and quantity of drinking water supplies in water 
resource protection areas by limiting impervious cover of new development to 20% of the parcel area.  
The impervious cover threshold is based on water budget models reviewed by the New Castle County 
RPATAC that indicate the volume of recharge diminishes rapidly once impervious cover exceeds 10% 
to 20% of a parcel.  The UDC defines impervious cover as the amount of pavement and roof area 
which prevents infiltration in a water resource protection area or watershed.  Impervious cover 
thresholds in WRPAs are designed balance the need to protect drinking water sources and minimize 
loss of recharge with a property owner’s right to economically develop land. 
 
Water Resource Protection Areas include: 
 
Floodplains – 100 year floodplain upstream from public water intakes along the Brandywine Creek, 
Red Clay Creek, White Clay Creek, and Christina River as defined by FEMA hydrologic models or 
USDA flood prone soils. 
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Erosion Prone Slopes – steep slopes (>15%) draining to floodplains and water courses upstream of 
public water supply intakes. 
 
Cockeysville Formation - area directly underlain by Cockeysville marble and limestone formation. 
 
Cockeysville Drainage Area - watershed tributary to the Cockeysville formation. 
 
Hoopes Reservoir watershed - 2-square mile watershed upstream from Hoopes Reservoir. 
 
Recharge Areas - soils with ≥ 90% sand and gravel with excellent recharge potential. 
 
Class A Wellhead - area within a 300-feet radius around wells classified as public water systems. 
• Community wells - public water purveyors 
• Transient/non-community - restaurants, stores, hotels, parks 
• Nontransient/non-community - schools, daycare centers, offices, factories 
 
Class B Wellhead - zone of influence around a public water supply well field delineated by a 
hydrogeologic computer model based on 5-year time of travel. 
 
Class C Wellhead - zone of influence around a public water supply well field delineated by 
interpretation of hydrogeologic reports and maps. 
 
According to the New Castle County UDC, new development may exceed the 20% impervious cover 
threshold within WRPAs, but not exceed 50% impervious, provided the applicant submits an 
environmental assessment recommending a climatic water budget and facilities to augment recharge. 
The environmental assessment must document that post-development recharge will be no less than 
predevelopment recharge on an annual basis.  Usually, the applicant offsets loss of recharge due to 
installation of impervious cover by constructing recharge basins that convey relatively pure rooftop 
runoff for infiltration to ground water.  The WRPA ordinance is implemented in accordance with the 
following source water protection hierarchy (ranked in order of preference). 
 
1.  Preserve WRPAs as open space and parks by acquisition or conservation easement. 
 
2.  Limit impervious cover of new development to 20% within WRPAs. 
 
3.  Allow impervious cover of new development to exceed 20% within WRPAs (but no more than 50% 
impervious) provided the applicant develops recharge facilities that directly infiltrate rooftop runoff 
and installs groundwater monitoring wells. 
 
4.  Allow impervious cover of new development to exceed 20% within WRPAs (but no more than 50% 
impervious) provided the applicant develops recharge facilities that infiltrate stormwater runoff from 
forested and/or grassed surfaces with pretreatment. 
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Figure 1.  Water resource protection areas in northern New Castle County, Delaware 
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Figure 2.  Water resource protection areas in New Castle County, Delaware 
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Water Management Agreements 
 
Proposed developments with impervious surface greater than 20% must be designed to maintain 
existing pre-development groundwater recharge quantity and quality in accordance with the Uniform 
Standards and Criteria (USC, Section 40-386) of the New Castle County Unified Development Code.  
Proposed development plans must not alter the existing water balance at each site.  While development 
will increase the amount of impervious coverage, the amount of on-site groundwater recharge must be 
maintained through augmented stormwater recharge.   
 
The applicant and Department of Land Use execute a contract or Water Management Agreement 
(WMA) between to guarantee these obligations.  WMAs typically contain: 
• Plans and specifications for stormwater recharge systems 
• Agreement to operate these facilities lawfully 
• Agreement to retain a third party professional engineer to provide reviews of the recharge system 
• Agreement to monitor the parcel’s groundwater on a regular basis 
• Letter of credit providing financial assurances to maintain the recharge basin and monitoring wells. 
 
To estimate pre- and post-development groundwater recharge potential, a climatic water balance 
comparison is performed for the portion of the development site that lies within mapped WRPAs as 
shown on the record plan.  The methodology and recharge (percolation) values are outlined in the 
applicant’s Resource Management Plan for the particular site.  The climatic water balance can be used 
to estimate groundwater recharge by accounting for water inputs such as precipitation and losses such 
as evapotranspiration, runoff, and soil moisture retention.  Precipitation records for New Castle County 
Airport are used for this estimate. 
 
To offset the projected reduction in average annual recharge potential due to proposed development, 
the applicant recommends that collection and conveyance of runoff from the area of impervious 
surface (building rooftop and paved parking lot area) to an on-site ground water recharge system.   
 
Based on water quality monitoring data, water collected and discharged into the proposed recharge 
basin from rooftop areas should meet or exceed the quality of water which has historically recharged 
on site.  Design measures are required to manage the quality of parking lot runoff, prior to recharge.  
Potential pre-treatment options include a sand filter, an oil-water-grit separator, and a grassed bio-
infiltration swale. 
 
Groundwater Monitoring 
 
The applicant installs a groundwater monitor well(s) located down gradient from the proposed 
recharge basin as indicated on a site location sketch. 
 
The applicant’s professional engineer or geologist recommends quarterly or semiannual sampling of 
the monitor well(s) and recharge basin inflow water.  Samples are analyzed in the laboratory for the 
following basic parameters: 
 
• pH 
• Specific Conductance 
• Total Dissolved Solids (TDS) 
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• Chemical Oxygen Demand (COD) 
• Total Organic Carbon (TOC) 
• Total Carbon 
• Total Petroleum Hydrocarbon (TPH) 
 
Annually, during one of the quarterly sampling periods, samples from the monitor well and inflow 
water into the recharge basin should be analyzed for the following classes of substances, regulated 
under the Nation Primary Drinking Water Regulations, 40 CFR Part 141; 40 FR 59570, December 24, 
1975; revised through December 5, 1994 (59 FR 62466): 
 
• Inorganic Chemicals (141.11) 
• Organic Chemicals (141.12) 
• Turbidity (141.13) 
• Volatile Organic Contaminants (141.61) 

 
Baseline water quality samples are collected from the monitoring well, prior to connection of the 
stormwater collection system to the recharge basin, with quarterly and annual analysis.  This 
monitoring program is re-evaluated two years after completion of construction to determine whether 
modifications to the scope and/or frequency of sampling are appropriate, based on the collected data. 

 
Maintenance 
 
Maintenance of the recharge system is essential to functional operation.  Components of the recharge 
system should be reviewed semi-annually by a qualified registered professional engineer (P.E.) to 
determine maintenance requirements.  Based on experience at similar systems, the contractor 
recommends that the following be done for proposed recharge systems: 
 
• Review the recharge basin, and when conditions warrant, remove debris and leaves to maintain the 

infiltrative capacity of the basins. 
 
• Review downspout/piping systems and perform minor repairs to maintain function. 
 
• During the first 6 months of operation, review the recharge facility immediately after each rainfall 

event in which the rainfall amount equals or exceeds one (1) inch, as reported for the New Castle 
County Airport.  On a form developed by the Engineer, record the reported rainfall amount, 
approximate start/stop times of rainfall event, water level in the basin and the time of the water 
level readings.  Monitor the recharge basin again at approximately 12, 24, 48, and 72 hours after 
the first review, and record the observed water level.  After the initial six month period, perform 
this same review at least once per year after storms in which the rainfall amount equals or exceeds 
one inch in 24 hours.  If an annual review indicates an infiltration rate equal to or slower than an 
equivalent 1.7-inch storm volume in 24 hours, repeat the review for the next rainfall event which 
equals or exceeds one inch in 24 hours. 

 
• When two consecutive post-rainfall reviews indicate the infiltrative performance of the recharge 

basin is slower than the equivalent of a 1.7-inch event in 24 hours, remove the bottom treatments 
from the recharge basin, remove and dispose of accumulated sediments, dry and scarify the 
subgrade, and clean and replace the bottom treatments. 
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Results 
 
Impervious Cover 
 
Table 1 summarizes a GIS analysis of impervious cover within WRPAs for 2000 and 2007 land use 
conditions.  In 2007, composite impervious cover of WRPAs was 19%, up 4% since 2000.  WRPAs 
protected by the UDC cover 83 square miles or 20% of New Castle County land area.  This overall 
amount of impervious cover in WRPAs in 2007 (19%) is just below the 20% impervious cover 
threshold mandated by the ordinance. 
 
Floodplains - Impervious cover within the floodplain WRPA remained unchanged from 2000 to 2007 
at 12%, less than the 20% impervious threshold set by the ordinance.  The Red Clay Creek floodplain 
WRPA impervious surface declined from 2000 to 2007 due to rezoning of commercial development 
along Newport Pike and Stanton Road to vacant land area.  The Brandywine Creek floodplain is one of 
the least developed WRPAs at 8.6 % impervious coverage.  
 
Erosion Prone Slopes - Composite impervious cover of the erosion prone slopes WRPA in 2007 was 
14%, less than the 20% impervious cover threshold, but slightly above the 13% impervious coverage 
in 2000.  The Brandywine Creek erosion prone slope WRPA remains one of the least developed at 
10% impervious coverage due to large amounts of open space provided by the Brandywine Park in 
Wilmington, Brandywine Creek State Park, and adjacent conservation easements managed by the 
Woodlawn Trustees.  Brandywine Creek erosion prone slope area increased by 1 sq mi between 2000 
and 2007.  This is the result of the City of Wilmington’s adoption of a source water protection 
ordinance that increased boundaries of the WRPA to include erosion prone slopes within the municipal 
city area along the Brandywine Creek.  The Christina River area experienced the largest increase in 
impervious coverage among erosion prone slope WRPAs with a 5% change in coverage, from 18% to 
23%. 
 
Hoopes Reservoir Watershed - Impervious cover within the Hoopes Reservoir watershed WRPA was 
11% in 2007, up by 2% from 2000.  The reservoir WRPA remains well below the WRPA ordinance 
20% threshold, since it is protected from large amounts of development in the City of Wilmington 
Valley Garden Park system and large, heavily forested estates in the DuPont “Chateau” country north 
of Wilmington. 
 
Cockeysville Formation - The composite Cockeysville limestone formation WRPA was covered by 
32% impervious surface coverage in 2007, a 3% increase from the 29% impervious coverage in 2000 
due to suburban growth in Hockessin.  The Pleasant Hill Cockeysville WRPA surpassed the 20% 
impervious threshold in 2007, increasing by 8% to 27%.   The Hockessin Cockeysville WRPA 
exceeded the threshold with 34% coverage mainly due to development that occurred prior to the 1990 
WRPA ordinance.  The impervious cover of the Cockeysville drainage area WRPA increased slightly 
from 24% in 2000 to 25% by 2007. 
 
Recharge Areas – The average recharge WRPAs impervious coverage was 16% in 2007, an increase 
from 10% in 2000.  North of the C&D Canal, the recharge WRPA impervious went from 30% in 2000 
to 36% by 2007.  South of the C & D Canal, the recharge impervious doubled, from 7% in 2000to 14% 
by 2007.  If the rate of development continues, impervious coverage in recharge areas south of the 
C&D Canal may soon exceed the 20% threshold. 
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Class A Wellheads - In 2007, Class A wellhead WRPAs have some of the highest impervious cover 
ratios with 37% impervious cover, up 6% from 31%.  Many Class A public water supply wells were 
drilled prior to enactment of the ordinance in 1991 and many wellheads were placed in areas with pre-
existing impervious surface coverage. 
 
Class B Wellheads - Class B wellhead WRPAs have high levels of impervious surface coverage at 
33% in 2007, up from 25% in 2000.  The Glendale Class B wellhead WRPA at the intersection of 
Route 40 and Route 7 has the highest impervious coverage (47%) among all New Castle County 
WRPAs.  Much of this impervious coverage is due to major shopping centers that all have 
groundwater recharge facilities including Glendale Plaza (87% impervious), Glendale West (41%), and 
Governor’s Square II Shopping Center (46%).  The Eastern States Class B wellhead WRPA along 
Route 40 near the Delaware/Maryland line is covered by 22% impervious coverage which is half the 
impervious surface coverage of its Glendale counterpart (47%) further east along Route 40. 
 
Class C Wellheads - The composite impervious cover of Class C wellhead WRPAs is 29% in 2007, a 
5% increase from the 2000 level of 24% impervious cover.   The Newark Piedmont and River Road 
wells have the lowest Class C wellhead impervious coverage and are suitably protected at 13% and 8% 
imperviousness, respectively.  Class C WRPAs exceed the 20% threshold in other areas ranging from 
22% impervious at the Newark/DuPont wells to 41% impervious at the New Castle wells.  The Army 
Creek Class C wellhead’s impervious coverage increased by 13%, from 24% in 2000 to 37% due to 
intensive suburban development in the area along Route 13 near the Delaware River south of New 
Castle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 



 11

Table 1.  Impervious cover within New Castle County Water Resource Protection Areas, 2000-2007 
 
 
 
 
 
 
 
 

Water Resource 
Protection Area Area (sq. 

km) 2000

Area 
(sq. km) 

2007

Percent 
Impervious 

Cover (2000)

Precent 
Impervious 

Cover (2007)

Area Change 
(sq. km) from 

2000-2007

Impervious 
Cover Change 

from 2000-2007
Floodplain WRPA
Brandywine Creek 4 4 11% 12% 0 1%
Red Clay Creek 6 6 15% 14% 0 -1%
Christina River 8 8 10% 12% 0 2%
White Clay Creek 10 10 11% 10% 0 -1%
Subtotal 28 28 12% 12% 0 0%

Erosion Prone Slopes
Brandywine Creek 6 7 10% 10% 1 0%
Red Clay Creek 9 9 13% 12% 0 -1%
Christina River 2 2 18% 23% 0 5%
White Clay Creek 11 11 14% 15% 0 1%
Subtotal 28 29 13% 14% 1 1%

Hoopes Reservoir 5 5 8% 11% 0 3%

Cockeysville
Cockeysville (Hockessin) 3 3 35% 34% 0 -1%
Cockeysville (Pleasant Hill) 2 2 19% 27% 0 8%
Cockeysville Drainage Area 26 26 24% 25% 0 1%
Subtotal 30 30 29% 32% 0 3%

Recharge Areas
Recharge Areas (North of 
Canal) 14 14 30% 36% 0 6%
Recharge Areas (South of 
Canal) 96 95 7% 14% -1 7%
Subtotal 110 109 10% 16% -1 6%

Class A Wellheads
Community Wells 2.68 3.33 27% 33% 0.65 6%
Nontransient/Noncommunity 0.91 1.13 31% 30% 0.22 -1%
Transient/Noncommunity 1.30 1.38 41% 36% 0.08 -5%
Subtotal 4.89 5.84 31% 37% 0.95 6%

Class B Wellheads
Glendale 2 2 n/a 47% 0 n/a
Eastern State 3 3 n/a 22% 0 n/a
Subtotal 5 5 25% 33% 0 8%

Class C Wellheads
New Castle 5 5 36% 41% 0 5%
Newark Piedmont 2 2 11% 13% 0 2%
Newark South Wellfield 5 5 30% 34% 0 4%
Army Creek 3 3 24% 37% 0 13%
River Road 3 3 6% 8% 0 2%
Newark/Dupont 2 2 18% 22% 0 4%
Subtotal 19 19 24% 29% 0 5%

New Castle County WRPA 231 232 15% 19% 1 4%
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WRPA Projects 
 
Since 1990, 180 projects have been reviewed for development in New Castle County WRPAs with a 
composite impervious cover of 28% on 12,919 acres (20.2 sq mi) of land.  By 2011, 125 sites have 
been built on 7,007 acres (11.0 sq mi) within WRPAs at a composite impervious cover of 45%.  By 
2011, 55 projects have been proposed but not yet built within WRPAs (Table 2). 
 

Table 2.  Projects within Water Resources Protection Areas in New Castle County since 1990 
 

Application 
 # 

Project 
Name Built Area 

(ac) 
% 

Imperv Watershed WRPA Council 
District 

 Gregg Subdivision N 3.7 6% Red Clay Cr. Cockeysville  
 Walker Property N 11.7 33% Mill Cr. Cockeysville  

80313 Preserve at 
Robinson Farms N 183.6 25% Appoquinimink Recharge  

71051 Shuman Property N 27.6 38% Christina R. Flood Plain  

 Valero Dredge 
Storage Area N   Delaware R. Recharge  

970800 Aerano Property N 325.4 0% C & D Canal Recharge  6 
 Arbeiter Property  N 26.2 0% Christina R. Flood Plain 6,11 

961016 Armor Property N 19.5 0% White Clay Cr. Flood Plain 
Erosion Prone 9 

 Armstrong Corner N 20.4 0% Appoquinimink Recharge  6 

 Bayberry North N 465.4 2% C & D Canal 
East Recharge  12 

 Bayberry South N 930.8 1% C & D Canal 
Appoquinimink 

Class A 
Wellhead,Recharge 12 

 Becks Woods N 1.5 0% Christina R. Erosion Prone 
Slopes 11 

 Big Pond Tract N 62.4 0% White Clay Cr. Class A 
Wellhead,Cockeys 3 

 Budget Rooter N 0.8 0% Red Lion Cr. Recharge  6 

 Carter Farm N 417.3 0% C & D Canal Class A 
Wellhead,Recharge 6 

991291 Creative Flooring 
Contractors, Inc. N 8.1 0% Smyrna R. Recharge  12 

920263 Cromwell 
Subdivision N 539.5 11% Appoquinimink Recharge  12 

 Elder Village N 164.6 0% Christina R. Recharge 
Flood Plain 11 

961144 Entrepreneurs Park N 15.4 0% Army Cr. Class C Wellhead 12 

 Fidler and Biggs 
Properties N 251.8 0% C & D Canal Recharge  6 

970661 Ford Hunt N 202.6 3% Appoquinimink 
Sassafras Recharge  6 

 Glasgow Commons  N 48.9 1% Christina R. Class C Wellhead 11 
 Hidden Meadows N 93.0 3%    

20040167 Hyetts Corner, 
L.L.C. N 144.5 1% C & D Canal 

East Recharge  12 

 Intercollegiate 
Studies Institute N 20.6 6% Red Clay Cr. Reservoir 

Watershed 3 

 Kindercare 
Learning Center N 1.7 0% Red Clay Cr. Flood Plain 3 
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 La Grange N 246.1 0% Christina R. Recharge ,Flood 
Plain, Erosion 11 

 Light House Farm N 108.2 1% C & D Canal 
East Recharge  12 

 Lincoln Center N 56.0 0% Christina R. 
Army Cr. Class B Wellhead 7 

991247 Mealey Funeral 
Homes N 12.2 0% Red Lion Cr. Recharge  12 

981452 Microtel Inn N 1.4 45% Army Cr. Class C Wellhead 12 

960789 Mount Pleasant 
Farm N 182.5 0% C & D Canal 

West 
Class A 

Wellhead,Recharge 6 

 Nick & Joan 
Tsaganos Property N 9.9 0% C & D Canal 

West 
Class A 

Wellhead,Recharge 6 

 Nisky Shopping 
Center N 15.2 0% Christina R. Flood Plain 

Erosion Prone 11 

 Old State Road 
Hotel N 3.0 1% Army Cr. Class C Wellhead 6 

930300 Pencader Corp. Ctr-  
Lot 30 B & A N 17.2 1% Christina R. Class C Wellhead 11 

 Pennfield N 118.2 1% C & D Canal 
East 

Class A 
Wellhead,Recharge 12 

 Peoples Park 
Addition N 72.3 99% Red Lion Cr. 

Dragon Run Recharge  12 

 Precious Memories 
Daycare N 1.0 0% Red Lion Cr. Recharge  12 

 Salem Center  N 4.8 0% Christina R. Flood Plain 11 

 Sanford School N 2.1 18% White Clay Cr. Erosion Prone 
Slopes 3 

 School Bell 
Crossing N 10.7 6% Army Cr. Class A Wellhead 6 

 Spring Oaks N 98.2 0% Appoquinimink Recharge  6,12 

 Steeple Glenn N 24.9 10% Christina R. 
Red Lion Cr. Recharge  6 

 Sunset Meadows II N 18.6 0% Dragon Run Recharge  12 
 The Highlands N 102.1 0% Bohemia Cr. Recharge  6 

 Traditions at Pike 
Creek N 36.8 6% White Clay Cr. Cockeysville 

Drainage  3 

 University Garden 
Associates N 40.8 0% Christina R. 

C & D Canal Recharge  12 

 Village of Scott 
Run N 176.7 5% C & D Canal 

East Recharge  12 

 W.L. Gore N 101.8 0% Christina R. Class A, Class C 
Wellhead 11 

 White Clay 
Crossing N 112.1 5% White Clay Cr. Class A, Class C 

Wellhead 3,9 

 Whittington Woods N 86.8 0% Christina R. Flood Plain 7 

 Windsor Commons N 77.1 10% C & D Canal 
East Recharge  12 

 Woods at Mansion 
Farm N 181.3 0% Christina R. 

Dragon Run Recharge  12 

 Zeneca N 1.2 0% Delaware R. Class C 
Wellhead,Recharge 12 

 Advanced Auto 
Parts Y 5.40 29% Christina R. Class C Wellhead  

 150 Red Mill Road Y 23.4 0% White Clay Cr. Flood Plain 5 
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 316 South Dupont 
Hwy. Y 3.8 50% Army Cr. Class C Wellhead 6 

 633 Yorklyn Road Y 2.0 16% White Clay Cr. Class A 
Wellhead,Cockeys 3 

970799 Academy Hill, 
Phase V Y 245.3 2% Christina R. Flood Plain 

Erosion Prone 5 

 Across the Tracks Y 1.1 51% Brandywine Cr. Class A Wellhead 3 

990740 Adare Village Y 10.0 45% White Clay Cr. Cockeysville 
Drainage  3 

 Adriatic Assoc. 
Ltd. Y 2.5 89% Christina R. Class C Wellhead 11 

 Airport Industrial 
Park Parcel "X" Y 7.9 44% Army Cr. Class C Wellhead 12 

940317 Appoquin Farms II  Y 173.8 31% Appoquinimink Class A Wellhead 12 

981738 Artesian Water 
Hamburg Rd. Site Y 1.4 64% Army Cr. 

Red Lion Cr. 
Class A, Class C 

Wellhead,Recharge 12 

970845 Augustine Creek, 
Phase 2 Y 166.1 16% C & D Canal 

East Recharge  12 

 Back Creek C. C. 
Golf Course Y 239.2 6% C & D Canal Recharge  6 

 Back Creek 
Phase II Y 346.2 8% C & D Canal Recharge  6 

950866 Barrington  Y 88.6 20% Christina R.  
Perch Creek Class B Wellhead 6,11 

 Bayview Crossing Y 10.0 34% C & D Canal 
East 

Class A 
Wellhead,Recharge 12 

20000373 Bayview Manor II Y 93.9 18% Army Cr. Class C Wellhead 12 

950949 Bear Library Y 3.3 68% Christina R. Class B 
Wellhead,Recharge 7 

 Beaver Brook 
Apartments Y 27.5 53% Army Cr. Class C Wellhead 12 

 Blue Diamond 
Recreation Park Y 85.5 17% Army Cr. 

Red Lion Cr. 
Class A, Class C 

Wellhead,Recharge 12 

970816 Blue Hen Industrial 
Park Y 3.1 77% Christina R. Class C Wellhead 11 

 Boyds Corner 
Middle School Y 2.2 18% C & D Canal 

East 
Class A 

Wellhead,Recharge 12 

 Boyds Corner 
Shops Y 64.8 24% C & D Canal 

Appoquinimink 
Class A 

Wellhead,Recharge 12 

950454 Brandywine Woods  Y 23.0 51% Army Cr. Class B Wellhead 6 

 Breidabilik Y 113.2 10% Red Clay Cr. Reservoir 
Watershed 3 

950739 Brennan Estates Y 1.5 20% Dragon Run Recharge  12 

 Brookhill Dr. Y 12.2 2% Christina R. Class A, Class C 
Wellhead, 11 

960492 Brown Farm Major 
Subdivision Plan Y 1.5 15% C & D Canal 

West Recharge  6 

980279 Café Napoli Y 0.6 59% Christina R. Class B 
Wellhead,Recharge 6 

200010711 Calvarese Farms Y 112.2 7% Christina R. Recharge ,Flood 
Plain 7 

930545 Carman Ford Y 11.0 78% Army Cr. Class C Wellhead 7 

940546 Castle Hills Elem 
School Y 14.5 32% Delaware R. Class A and Class 

C Wellhead 7 

20050178 Center for the 
Creative Arts Y 5.3 16% Red Clay Cr. Class A 

Wellhead,Cockeys 3 
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970168 Centerville School Y 73.2 7% Brandywine Cr. 
Red Clay Cr. Class A Wellhead, 3 

970662 Centreville Reserve Y 10.7 25% Brandywine Cr. Class A Wellhead 3 
970832 Chaddwyck Y 147.1 13% Army Cr. Class C Wellhead 6,12 

 Chancellor Property Y 8.0 20% C & D Canal Recharge  12 

930141 Chelsea Y 48.5 31% Army Cr. 
Red Lion Cr. 

Class A, Class B 
Wellhead,Recharge 6,12 

 Chestnut Hill Plaza Y 15.4 93% Christina R. Class C Wellhead 11 

990529 Chinese American 
Community Center Y 6.6 24% White Clay Cr. Cockeysville 

Drainage  3 

 Coastal Mart Y 1.2 51% Red Lion Cr.  
Dragon Run Recharge  6 

 Country House 
Estates Y 17.2 5% Brandywine Cr. 

Red Clay Cr. 
Reservoir 
Watershed 3 

 Delaware Land Co. Y 0.2 24% Perch Cr. Class B Wellhead 6 

20000046 Dental Office Site - 
Lancaster Pike Y 3.3 7% White Clay Cr. Cockeysville 

Formation 3 

990229 Dimaio Subdivision  Y 1.9 43% White Clay Cr. Cockeysville 
Drainage  3 

960971 Dragon Run Y 92.6 21% Dragon Run Recharge  12 

970831 Dupont-Stine 
Haskell Research Y 264.2 32% Christina R. Recharge 

Flood Plain 5 

 Eastern Marine Y 1.5 99% Christina R. Class A, Class C 
Wellhead,Recharge 5 

930075 Eden Square Y 35.8 63% Christina R. 
Army Cr. 

Class A, Class B 
Wellhead,Recharge 6 

910014 Frenchtown Woods  Y 151.3 31% Christina,R. 
Perch Cr. 

Class A, Class B 
Wellhead 6,11 

 Fuji Film Y 23.8 39% Delaware R. Class A, Class C 
Wellhead,Recharge 12 

 Giacchino Dodge Y 5.1 59% Army Cr. Class C Wellhead 12 

971021 Glendale Plaza Y 2.7 53% Christina R. Class B 
Wellhead,Recharge 6 

 Glendale West Y 0.5 99% Christina R. Class B 
Wellhead,Recharge 6 

 Governor's Field 
Property Y 15.3 20% Christina R. Class B 

Wellhead,Recharge 7 

 Governor's Square  Y 48.7 76% Christina R. Class B 
Wellhead,Recharge 6,7 

 Governors Square 
II Y 2.8 55% Christina R. Class B 

Wellhead,Recharge 7 

 Grantham Lane Y 30.9 12% Army Cr. Class C Wellhead 12 

970788 Hills of Hockessin Y 18.8 20% White Clay Cr. Cockeysville 
Drainage  3 

 Hilltop Restaurant Y 3.0 99% Army Cr. Class C Wellhead 12 

20021039 Hockessin Animal 
Hospital Y 1.4 30% White Clay Cr. Class A Wellhead, 

Cockeysville 3 

20050690 Hockessin Baptist 
Church Expansion Y 5.7 28% White Clay Cr. Cockeysville 

Drainage  3 

951114 Hockessin Chase Y 92.9 28% White Clay Cr. Cockeysville 
Drainage, 3 

 Hockessin Crossing Y 2.4 77% White Clay Cr. Cockeysville 
Formation  3 

 Hockessin Fire 
Company Y 3.9 59% White Clay Cr. Cockeysville 

Formation 3 
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981844 Hockessin Park Y 19.3 35% White Clay Cr. Cockeysville 
Formation 3 

 Hockessin Public 
Library Y 23.3 16% White Clay Cr. Class A Wellhead 

Cockeysville 3 

 Hockessin United 
Methodist Church Y 5.8 50% White Clay Cr. Cockeysville 

Formation  3 

 Hubers Crossing  Y 17.1 10% C & D Canal Class A 
Wellhead,Recharge 12 

20090126 Hubers Crossing  Y 8.5 2% C & D Canal Recharge  12 

990301 JB Toman, LLC Y 0.8 53% Army Cr. Class A, Class C 
Wellhead 7 

950393 Josef A. Burger Y 122.9 2% Appoquinimink 
Sassafras R. Recharge  6 

 Kensington Y 38.7 37% Christina R. 
Army Cr. 

Class A, Class B 
Wellhead,Recharge 6 

 Lantana Square Y 44.0 56% White Clay Cr. Cockeysville 
Formation  3 

20000824 Limestone 
Veterinary Clinic Y 3.2 23% White Clay Cr. Cockeysville 

Drainage  3 

990100 Little Falls Village Y 23.6 46% Red Clay Cr. Erosion Prone 
Slopes 9 

880430 Llangollen Green Y 107.8 28% Army Cr. Class C Wellhead 12 
 Lonestar Y 2.3 74% Army Cr. Recharge  7 

950443 Longmeadow 
Subdivision Y 147.2 37% Appoquinimink Class A Wellhead 

Recharge  6,12 

 May B. Leasure 
School Y 14.0 42% Christina,R. 

Red Lion Cr. Recharge  6 

 McGrellis  Y 0.2 31% White Clay Cr. Cockeysville 
Formation 3 

 Mews at Hockessin Y 11.4 42% White Clay Cr. Cockeysville 
Drainage  3 

920680 Middle Run 
Crossing Y 23.3 0% White Clay Cr. Cockeysville 

Drainage  3 

 Midvale Y 0.8 54% Army Creek Class A Wellhead 
Class C Wellhead 7 

 Money's Truck 
Stop, Inc. Y 9.7 53% Bohemia Cr. Class A Wellhead 

Recharge  6 

 Motiva Demin. 
Water Y 51.0 40% Red Lion Cr. Recharge  12 

990381 New Castle Airport 
Redevelopment Y 1158.4 62% Christina R. 

Delaware  
Class A Wellhead 

Recharge  12,7 

 Newark Christian 
Child Care  Y 2.0 16% Christina R. 

C & D Canal Recharge  12 

20010193 North Star Chase Y 41.8 23% White Clay Cr. Cockeysville 
Formation 3 

 Offices of 
Mendanhall Y 2.2 42% White Clay Cr. Cockeysville 

Drainage  3 

990068 Okolona Y 118.2 1% Appoquinimink Class A Wellhead 
Recharge  12 

19981799 Parkway Gravel Y 4.0 40% Army Cr. Class A Wellhead 
Class C Wellhead 7 

 Premcor Refining 
Group Y 394.3 80% Red Lion Cr. 

Dragon Run Recharge  12 

20020859 Red Lion Mini 
Storage Y 16.3 22% Red Lion Cr. Recharge  12 

20071245 Rockwood 
Apartments Y 60.8 38% Christina R. 

Red Lion Recharge  6 
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 Roseville Park Y 56.2 33% White Clay Cr. Flood Plain 5,9 
950452 Rutledge Y 20.7 44% Red Lion Cr. Recharge  12 

970623 Saienni  Y 12.6 56% Christina R. Class B Wellhead 
Recharge  7 

 Smyrna Church of 
Christ Y 6.8 39% Smyrna R. Class A Wellhead 

Recharge  6 

2000-0132 Southern District 
Elementary School Y 163.0 18% Dragon Run  

C & D Canal Recharge  12 

 Southgate Industrial 
Park Y 5.2 81% Christina R. Recharge  7 

20000613 St. Margaret's of 
Scotland Y 84.1 18% Christina R. 

Perch Cr. Class B Wellhead 6 

940131 Stone Mill Y 31.8 47% Christina R. Recharge  7 

 Summit Crossing - 
Phase 2 Y 10.8 41% C & D Canal Class A Wellhead 

Recharge  12 

 Sunrise of 
Hockessin Y 20.2 11% White Clay Cr. Cockeysville 

Drainage  3 

950020 Teekatt Y 2.6 55% White Clay Cr. Cockeysville 
Drainage  3 

 Hockessin Hindu 
Temple Y 4.5 24% White Clay Cr. Cockeysville 

Formation 3 

 Independence 
School Y 71.7 18% White Clay Cr. Cockeysville 

Formation 3 

 Tri-Supply Equip. Y 4.0 82% Army Cr. Class C Wellhead 6 

981842 Uniqema Office 
Building Y 152.5 40% Delaware R. Class A, Class C 

Wellhead,Recharge 12 

940104 Valley Pointe Y 8.8 34% White Clay Cr. Cockeysville 
Formation 3 

 Vic Mead Hunt 
Club Y 16.7 2% Red Clay Cr. Erosion Prone 

Slopes 3 

20010637 Village of Jester 
Crossing Y 12.2 42% Dragon Run Recharge  6,12 

 Village of 
Llangollen Y 218.6 30% Army Cr. Class A, Class C 

Wellhead 12 

 W.W. Grainger Y 2.4 51% Army Cr. Class C Wellhead 12 

 Washington Hts. Y 87.3 17% Red Clay Cr. 
White Clay Cr. Flood Plain 1 

 Waterford II Y 158.7 0% Christina R.   
Red Lion Cr. Flood Plain 6 

 WAWA Y 7.5 13% Red Lion Cr. Class A, Class C 
Wellhead,Recharge 12 

950901 WAWA 
Hockessin Y 1.6 72% White Clay Cr. Cockeysville 

Formation 3 

990347 WAWA 
Newark Y 2.6 35% Christina R. Class C Wellhead 5 

 Westgate Corporate 
Center Y 235.2 1% White Clay Cr., 

Christina R. Recharge  1 

930735 Wilmington 
College Y 16.0 59% Christina R. 

Delaware R.  Recharge  7 

 WSFS Limestone 
Road Y 3.4 9% White Clay Cr. Cockeysville 

Drainage  3 

990564 WSFS Stone Mill Y 0.9 90% White Clay Cr. Cockeysville 
Formation 3 

  Wynthorpe Y 76.8 32% Army Cr. Class A Wellhead 
Class C Wellhead 12 
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Water Management Agreements 
 
• Since 2000, 22 Water Management Agreements for construction of recharge facilities and 

monitoring wells have been signed between New Castle County and site developers. 
• New development covered by WMA parcels exceeds 190 acres, with each site averaging 12 acres. 
• The mean impervious surface cover of parcels with WMAs is 47%. 
• In recharge WRPAs north of the C&D canal, 5 WMAs have been signed for development of 

Glendale Plaza, Glendale West, Governor’s Square Shopping Center II, Newark Christian 
Childcare, and Steeple Glenn Subdivision.  

• WMAs in the Army Creek Class C Wellhead WRPA include 153 S. Dupont Highway, Beaver 
Brook Apts., Entrepreneurs Park, Giacchino Dodge, and Wynthorpe subdivision.  

• Three WMAs issued for the Glendale Class B wellhead WRPAs include Glendale Plaza, Glendale 
West, and Governor’s Square Shopping Center II. 

 
Groundwater Monitoring 
 
Groundwater monitoring wells are installed to assess the performance of recharge facilities in 
protecting the quality and quantity of ground and surface water.  The following parameters are 
analyzed: SC = Specific conductivity (umhos/cm), TDS = Total dissolved solids (mg/l), TOC = Total 
organic carbon (mg/l), and DGW = Depth to groundwater  level (ft).  Table 3 summarize groundwater 
monitoring trends as improving water quality or groundwater level (green), unchanged water quality or 
groundwater level (blue), and declining water quality or groundwater level (orange).  Improving or 
declining trends are defined where change from initial to final measurement exceeds 10% (Figure 3). 
 
Specific conductivity - SC measures the concentration of total dissolved solids (TDS) and salinity.  
Ions measured by SC include calcium (Ca2+), magnesium (Mg2+), sodium (Na+), potassium (K+), 
bicarbonate (HCO3-), sulfate (SO42-), and chloride (Cl-).  Sources include road salt, non-point source 
pollution (i.e. agricultural run-off) and industrial inputs.  Of 27 monitoring wells with SC monitoring, 
14 recorded improving, 3 recorded unchanged, and 10 recorded declining groundwater quality. 
 
Total Dissolved Solids – TDS are inorganic and organic substances in water small enough to survive 
filtration through a sieve size of 2 micrometers.  Primary TDS sources include agricultural runoff, 
leaching of soils, and industrial or sewage treatment plants.  Chemical constituents are calcium, 
phosphates, nitrates, sodium, potassium and chloride in nutrients, stormwater runoff, and road de-icing 
salts.  TDS also form from weathering and dissolution of rocks and soils. The USEPA set a secondary 
drinking water quality standard of 500 mg/l for drinking water palatability.  Of 36 monitoring wells for 
TDS, 17 recorded improving, 12 recorded unchanged, and 7 recorded declining groundwater quality. 
 
Total organic carbon - TOC is bound in organic compounds and is an indicator of water quality 
during the drinking water purification process.  TOC is from decaying natural organic matter and 
synthetic sources such as detergents, pesticides, fertilizers, herbicides, industrial chemicals, and 
chlorinated organics.  High levels of natural organic matter in source water can combine with chlorine 
during the disinfection process to increase carcinogens in processed drinking water.  Of 30 TOC 
monitoring wells, 5 had improving, 20 had unchanged, and 5 had declining groundwater quality. 
 
Depth to Groundwater – DGW levels may fluctuate with changing precipitation, adjacent 
groundwater withdrawals from wells, and/or reduced recharge from development.  Of 22 monitoring 
wells, 5 recorded improving, 17 recorded unchanged, and none recorded declining groundwater levels. 
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Table 3.  Groundwater quality and water level trends at recharge facilities in New Castle County, Del. 
 

Application Mon. 
Well 

Date 
Initial 

Date 
Final 

SC 
Initial 
(umhos

/cm) 

SC 
Final 

(umhos/ 
cm) 

TDS 
Initial 
(mgl) 

TDS 
Final 
(mgl) 

TOC 
Initial 
(mg/l) 

TOC 
Final 
(mg/l) 

DGW 
Initial 

(ft) 

DGW
Final 
(ft) 

Advanced Auto Parts MW1 8/09 2/11 300 178 400 112 6 2 20.3 18.8 
            
Back Creek                     MW1 12/90 3/94   210 200     
                                       MW2 12/93 3/94   230 220     
                                       MW3 12/93 3/94   140 140     
                                       MW4 12/93 3/94   180 180     
 MW5 12/93 3/94   180 160     
Brandywine Woods  9/99 12/00 151 213 80 78 4 4 43.6 27.9 
Carmen Ford                 MW1 8/92 8/94 230 200   7 14   
                                      MW4 8/92 9/94 250 350   7 4   
Bear Crossing               MW1 4/96 8/98 119 - 44 31 4 3 51.8 51.4 
                                      MW2 4/96 8/98 184 - 95 140 1 4 46.3 47.8 
Eden Square                  MW1 2/95 4/06 300 319 190 174 4 2 47.7 46.1 
 MW2 2/96 8/06 514 178 400 89 7 2 47.6 44.7 
Fuji Film MW2 1/01 6/09 117 102 86 63 1 1 34.0 32.2 
Avecia                        MW1 8/93 8/00 219 105 150 60 1 1   
 MW2 11/00 12/01 126 62 75 75 1 2 33.7 30.0 
Zeneca  8/93 2/97 219 92 150 46 1 1   
Glendale West  7/03 11/04 339 77 193 51 2 2 45.9 39.1 
Governors Square  MW1 4/91 4/03 103 179 70 83 1 2   
                               MW2 4/91 4/03 153 336 100 188 1 2   
Governors Square II  10/04 11/06 178 165 101 96 2 4 31.9 32.8 
Hockessin Crossing MW1 3/09 12/09 2,380 1,193 1,300 614 6 7   
Lantana Square MW1 5/99 6/09 83 58 60 38 1 1 38.0 35.1 
May Leasure School  12/97 11/03 267 45 151 35 1 2 10.8 6.4 
Middle Run Crossing    MW1 3/95 9/95   138 110     
                                       MW2 3/95 9/95   141 130     
 MW3 3/95 9/95   119 97     
Pencader Corp. Center  8 /00 2/04 138 159 90 81 1 2 26.8 23.1 
Rockwood Apts.  7/04 3/05 70 55 55 26 2 1   
Rutledge                        MW2 11/94 3/96   48 70 1 1 9.5 9.7 
                                       MW3 11/94 3/96 164 226 139 150 1 1 20.3 20.9 
                                 MW4 11/94 3/96 162 196 108 100 1 1 11.5 10.7 
                                 MW5 11/94 3/96 499 455 272 280 1 1 10.4 10.2 
Uniqema                  MW1 8/00 5/02 425 314 243 182 1 2 34.3 36.0 
                                 MW2 8/00 5/02 426 515 250 277 2 4 15.5 16.9 
Wilmington College  MW1 7/95 12/10 473 1130 260 572 3 1 46.0 44.1 
                                  MW2 8/00 11/05 254 271 158 128 1 1 41.0 41.2 
Wynthorpe  10/03 11/07 133 167 91 106 2 2 24.9 26.3 
            
Improving    14  17  5  5  
Unchanged    3  12  20  17  
Declining    10  7  5  0  
Total    27  36  30  22  
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Figure 3.  Groundwater monitoring trends at recharge facilities in New Castle County, Delaware. 
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Appendix 1.  Maps delineating projects in Water Resource Protection Areas in New Castle County 
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Appendix 2.  Groundwater monitoring results at recharge facilities in New Castle County 
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