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The Murderkill Watershed Management Plan focuses on assessing the stormwater quality and 

quantity problems and provides recommendations for improving conditions in the watershed. 

This report builds on efforts identified in the technical memorandum ñPrioritization of 

Murderkill Subwatershedsò developed by the Center for Watershed Protection (CWP). 

Watershed conditions were evaluated using existing and future land use, soils and geology, 

hydrology, source water protection program information, existing stormwater management 

facilities, and drainage complaints.  The following analyses were performed: 

¶ Hydrologic analysis was conducted to understand the hydrologic characteristics of the 

watershed and to provide basis for the development of what-if scenario models. Further, the 

flows from the hydrology model were used to evaluate the conveyance capacity of road 

crossings and to support the development of updated Flood Insurance Rate Map information 

(performed under separate contract).   

¶ Hydraulic computations were conducted for 82 culverts to determine their conveyance 

capacity for design storm for existing and future conditions. The evaluated culverts were 

categorized as green (passes the design storm with one foot of freeboard), yellow (passes the 

design storm with less than one foot of freeboard), and red (does not pass the design storm). 

Improvement measures were proposed for undersized crossings.  

¶ Six segments of streams were selected in the watershed to conduct a detailed stream 

assessment.  The streams assessed were Double Run, Hudson Branch, Pratt Branch, Upper 

Murderkill River, Middle Murderkill River and Tributary to McCauley Pond.  

Based on the above analyses, an assessment was performed to qualitatively rank the 

subwatersheds.   Subwatersheds ranked as good (Lower Murderkill, Spring Creek, McCauley 

Pond, Middle Murderkill) were generally located in the southern and downstream reaches of the 

Murderkill Watershed.  Swamp Creek and Beaverdam Branch subwatersheds, located in the 

upstream end of the watershed, received a fair ranking.  Browns Branch and Pratt Branch each 

received poor ratings, and Hudson Branch and Double Run received very poor ratings.  These 

four subwatersheds are generally located in the developed portions of the corridor of the 

Murderkill Watershed.  Section 7 summarizes the conditions of each subwatershed and Section 9 

and 11 identify appropriate restoration strategies.   

The watersheds that were ranked Poor or Very Poor were selected to develop what-if scenario 

models to assist Deleware Department of Natural Resources and Environmental Control 

(DNREC) in development of appropriate stormwater management regulations/strategies.  The 

most appropriate strategy appears to be considering an effective imperviousness of zero percent.  

This Watershed Management Plan recommends improvement measures including structural 

projects (e.g., riparian buffer improvements, stream restoration, BMP/LID projects, new 

stormwater ponds/wetlands, stormwater pond retrofits, and road crossing improvements) as well 

as management strategies and action items. The recommended projects were prioritized based on 

their potential for improving the watershed.  Implementation of these recommendations will help 

DNREC meet their goals of reducing flooding and improving the water quality conditions in the 

Murderkill Watershed.
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Section 1 Introduction 

1.1 PROJECT PURPOSE 

The Murderkill Watershed Management Plan was developed as a part of the professional 

engineering and environmental services provided by URS Corporation (URS) to the Delaware 

Department of Natural Resources and Environmental Control (DNREC) for the Murderkill 

Watershed. The services provided for the Murderkill Watershed, which are being conducted 

under separate contracts, include: (1) A floodplain study to support the DNRECôs involvement in 

the National Flood Insurance Program, and (2) This watershed management plan. 

The Department of Natural Resources and Environmental Conservation (DNREC) is faced with 

the challenge of urbanization in many parts of the state. In order to minimize the water quantity 

and quality problems in these developing areas, DNREC is in the process of changing their 

Sediment and Stormwater Regulations. Murderkill Watershed is identified to be one of the 

primary target areas for development and hence as a part of its effort to restore the natural 

conditions in the watershed, DNREC has undertaken this watershed study. The primary goal of 

this study is to provide flood control/protective measures throughout the watershed along with 

providing water quality improvement recommendations wherever feasible.  

The Murderkill Watershed Management Plan characterizes the watershed through a review of 

existing data, field reconnaissance, and hydrologic modeling to address flooding and water 

quality concerns in the watershed. A subwatershed assessment, detailed stream assessment, and 

development of a ñwhat-ifò scenario model were used to develop watershed recommendations to 

restore and maintain watershed quality. The plan identifies and evaluates potential opportunities 

for flood protection measures, culvert improvement projects, new or retrofit stormwater 

management facilities, Best Management Practices (BMPs), Low Impact Development (LID) 

techniques, habitat improvements, stream restoration, and non-structural management strategies.  

1.2 AREA OF STUDY 

The Murderkill Watershed is located in southeastern Kent County, Delaware. A vicinity map is 

provided as Figure 1.1. The watershed includes the Murderkill River as the main stem and 

several significant tributaries, including Spring Creek, Pratt Branch, Hudson Branch, Double 

Run Branch, and Browns Branch. Significant water bodies include McGinnis Pond, McCauley 

Pond, Killens Pond, Coursey Pond, and Andrews Lake. The Murderkill Watershed drains 102.6 

square miles in an easterly direction and discharges to the Delaware Bay at the Murderkill 

Riverôs confluence at Bowers Beach. The Murderkill River is tidally influenced from the 

Delaware Bay to approximately the confluences of Spring Creek and Browns Branch with the 

Murderkill River.   
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Figure 1.1: Murderkill Watershed Location   
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Section 2 Data Collection, Review, and Analysis 

2.1 PREVIOUS STUDIES 

The purpose of this task was to collect and review existing data on the Murderkill Watershed. 

Extensive water quality data have already been collected and documented in previous studies. To 

avoid duplicating efforts, URS used the results from previous studies as a basis for the watershed 

management plan.  

URS obtained previous studies, maps, aerial photographs, and geographic information system 

(GIS) data for the Murderkill Watershed. The sources for the existing studies and data include 

DNREC, Kent Conservation District, watershed groups, the Environmental Protection Agency 

(EPA), the Delaware Department of Transportation (DelDOT), and consultants. To understand 

the baseline conditions of the watershed, URS studied the results of previous watershed 

assessments (e.g., potential improvement measures, watershed conditions); comprehensive 

county, local, town, and city plans; and digital data, such as land use, soils cover, BMPs, and 

drainage boundaries, that were used for the hydrologic modeling effort. A list of documents 

reviewed is provided in Section 12. 

While numerous reports were reviewed and evaluated, data from the report Prioritization of 

Murderkill Subwatersheds has significantly contributed to this study. The most recent assessment 

of the Murderkill Watershed was conducted by the Center for Watershed Protection (CWP) in 

August 1, 2005. CWP published a Technical Memorandum entitled Prioritization of Murderkill 

Subwatersheds. This memorandum described the general watershed conditions, presented a 

review of existing water quality monitoring data and a land cover analysis, and prioritized 

subwatersheds for future analysis. This memorandum served as a key document for URSô 

watershed assessment. URS also reviewed the potential restoration measures identified in this 

memorandum for consistency when recommending the proposed improvement measures for the 

watershed in this plan. Additionally, for consistency, URS maintained the general subwatershed 

delineation for the watershed used in the memorandum. 

2.2 GIS DATA 

The development of the Murderkill Watershed Management Plan relies extensively on available 

GIS data. As part of this task, URS reviewed existing GIS data from DNREC and Kent County. 

Data were reviewed to identify existing stormwater management facilities, areas with no 

stormwater management controls, existing outfalls and drainage areas, and potential restoration 

project areas. Table 2.1 below lists the data acquired. 

Table 2.1: Summary of Acquired GIS Data 

GIS Coverage Source 

2-foot contours, 2007 DNREC 

Aerial photographs, 2007 U.S. Department of Agriculture Farm Service 

Agency (USDA-FSA) Aerial Photography Field 

Office 

Annual rainfall data National Oceanic and Atmospheric 

Administration (NOAA) 

BMPs DNREC 
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GIS Coverage Source 

Community boundaries Kent County  

Digital Elevation Model (DEM) (statewide) Delaware Geological Survey  

Development status  Kent County 

Existing land use (2008) Delaware DataMIL 

Future land use (zoning based on 2007 

Comprehensive Plan) 

Kent County  

Geology Delaware Geological Survey 

Growth zone based on Kent County Growth Plan Kent County  

Impervious surface DNREC 

Light Detecting and Ranging (LiDAR) data DNREC 

National Hydrography Dataset flow lines U.S. Geological Survey (USGS) 

Parcels Kent County  

Private, municipal, and county stormwater facilities 

in Kent County 

DNREC 

Railroads DelDOT 

Recharge potential maps Kent County  

Roads Economic and Social Research Institute (ESRI) 

Sewer, water, and storm drain data layers Kent County or DNREC 

Soils Natural Resources Conservation Service 

Wetlands Kent County 

 

2.3 FIELD RECONNAISSANCE 

Field reconnaissance was conducted by URS engineers to obtain general information on the 

watershed and road crossing information, and to supplement and update the existing GIS data. 

The field reconnaissance consisted of two parts: (1) Watershed overview and (2) Evaluation of 

road crossings and obstructions.  

(1) Watershed overview: The watershed reconnaissance was conducted with an emphasis 

on identifying sources of pollution, observing general conditions, and identifying 

potential restoration opportunities in the watershed. Prior to the field visit, URS identified 

target areas for field assessment based on a desktop review of GIS data, which included 

aerial imagery, BMP databases, storm drain systems, transportation layers, and contours. 

To obtain data on watershed conditions, URS conducted 5 days of watershed 

reconnaissance. Since the field reconnaissance was limited to 5 days by the 

scope/services for this project, the entire 102.6 square mile watershed could not be 

assessed in detail; therefore the field reconnaissance targeted 17 specific areas in the 

watershed that included developed areas, undeveloped areas, and known problem areas. 

Criteria used for selecting the target areas included:  

ü Land use (e.g., open space) 

ü Property ownership (e.g., public/private ) 

ü Stream buffers 

ü Areas of uncontrolled/controlled stormwater runoff 
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Photographs and notes were taken at each target site, and sample field assessment forms 

are included in Appendix A. Potential restoration sites identified in the field 

reconnaissance are described in Section 9 of this report. 

(2) Field evaluation of road crossings: Field evaluations of road and rail crossings having 

an opening of 36 inches or larger were conducted as a part of hydraulic analysis of road 

crossings/obstructions to determine their capacity for approximate return periods. A total 

of 82 crossings were evaluated in the field. Detailed information on the procedure 

adopted for this evaluation is described in Section 5 of this report. 

2.4 ESTABLISHMENT OF STUDY SUBWATERSHEDS 

URS used the subwatershed boundaries defined by the CWP as the basis for this watershed 

study. The delineation of the subwatersheds was based on major tributary drainage courses, 

similar land use, and point of interest. Eleven major subwatersheds were delineated for the 

Murderkill Watershed. The subwatershed boundaries were redefined more accurately using a 

higher resolution topographic dataset which was used for the detailed hydrologic analysis of the 

watershed. The establishment of the subwatersheds also aided in the detailed investigation and 

characterization of the watershed in order to focus proposed improvement measures and 

strategies and to determine their cumulative benefits on a subwatershed level. Figure 2.1 displays 

the 11 major study subwatersheds. An assessment of the study subwatersheds is provided in 

Section 7 of this report. 
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Figure 2.1: Major Subwatersheds in the Murderkill Watershed 
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Section 3 Watershed Conditions 
To better understand the conditions of the watershed, a baseline assessment of the watershed was 

performed. The assessment included analyzing the existing and future land use, natural features 

and community features. A description of the results of the analysis is described in the sections 

below. 

3.1 LAND USE 

Existing conditions land use maps show that the watershed is primarily rural with agricultural 

land use occupying more than half of the watershed. Wetlands and forested areas occupy 17% of 

the watershed. The impervious development in the watershed is distributed primarily in the 

municipalities of Bowers Beach, Felton, Frederica, Harrington, Houston, and Viola, and in the 

census-designated places of Woodside East and Riverview. The Kent County Comprehensive 

Plan (2007) indicates that the area between the two major highways (US 113 and US 13) is 

recognized as a growth zone, and about 69% of the total development in the county has occurred 

in the growth zone in last 5 years (from 2002-2007). Table 3.1, Figure 3.1, and Figure 3.2 show 

the distribution of land use in the watershed for existing and future conditions. 

Table 3.1: Existing and Future Conditions Land Use Distribution  

Land Use 

Existing 

Conditions 

Future 

Conditions 

Clear-cut 0.2% 0.2% 

Commercial 0.5% 0.7% 

Confined Feeding Operations/Feedlots/Holding 0.3% 0.2% 

Deciduous Forest 1.8% 0.7% 

Emergent Wetland - Tidal and Non-tidal 4.7% 4.4% 

Evergreen Forest 0.7% 0.4% 

Extraction and Transitional 1.5% 0.6% 

Farms, Pasture and Cropland 50.5% 26.5% 

Farmsteads 1.0% 0.6% 

Forested Wetland - Tidal and Non-tidal 10.0% 5.4% 

High Density 0.0% 0.1% 

Impervious 4.8% 4.8% 

Industrial 0.1% 0.5% 

Institutional/Governmental 0.2% 0.2% 

Low Density 0.0% 40.0% 

Man-made Reservoirs and Impoundments 0.7% 0.3% 

Medium Density 0.0% 1.1% 

Mixed Forest 8.4% 4.4% 

Mixed Urban or Built-up Land 0.2% 0.1% 

Mobile Home Parks/Courts 0.3% 0.1% 

Multi Family Dwellings 0.0% 0.0% 
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Land Use 

Existing 

Conditions 

Future 

Conditions 

Open Water 1.0% 0.6% 

Orchards/Nurseries/Horticulture 0.2% 0.0% 

Rangeland 0.1% 3.2% 

Recreational 0.5% 0.1% 

Sandy Areas and Shoreline 0.0% 0.0% 

Scrub/Shrub Wetland - Tidal and Non-tidal 0.7% 0.4% 

Shrub/Brush Rangeland 0.5% 0.3% 

Single Family Dwellings 10.9% 3.8% 

Transportation/Communication/Utilities 0.3% 0.2% 
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Figure 3.1: Murderkill Watershed Existing Conditions Land Use Map 
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Figure 3.2: Murderkill Watershed Future Conditions Land Use Map (Developed from Future Zoning in 2007 Kent County Comprehensive Plan)  
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3.2 SOILS AND GEOLOGY 

Hydrologic soil group type B (silt loam or loam) with moderate infiltration rates occupies 

approximately 49% of the watershed. Hydrologic soil group type D (silty clay loam, sandy clay, 

clay) with high runoff coefficients covers 28% of the watershed. Hydrologic soil group type A 

(sand, loamy sand) with highest infiltration rate and group C (sandy clay loam) with low 

infiltration rates occupy 14% and 6% of the watershed, respectively. The distribution of the 

hydrologic soil group was used in the development of the hydrologic model for the watershed. 

The watershed lies entirely on the Atlantic coastal plain, which is primarily made up of 

sediments, silt, sand, and gravel that have eroded off the Piedmont and adjacent Appalachian 

Mountains. Geologically, the watershed can be divided into 8 distinct areas classified as: 

¶ Beaverdam Foundation ¶ Scotts Corners Formation 

¶ Carolina Bay Deposits ¶ Marsh Deposits 

¶ Columbia Formation ¶ Shoreline Deposits 

¶ Lynch Heights ¶ Swamp Deposits 

 

Distribution of hydrologic soil groups and geological units in the Murderkill Watershed is shown 

in Figure 3.3. 
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Figure 3.3: Hydrologic Soil Group and Geologic Distribution 
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3.3 HYDROLOGY 

The watershed contains approximately 231 miles of stream network, with Murderkill River as 

the mainstem, and Spring Creek, Pratt Branch, Hudson Branch, Double Run Branch, and Browns 

Branch as the major tributaries. Approximately 0.78 square mile of the watershed is occupied by 

lakes and ponds. Significant lakes in the watershed include McGinnis Pond, McCauley Pond, 

Killens Pond, Coursey Pond, and Andrews Lake. These facilities are state-owned, and the dam 

embankments and hazard classification for these facilities have recently been evaluated by 

DNREC. Information on location of the dams and their hazard classification is listed in Table 

3.2. This information aided in the development of the hydrologic model which is described in 

Section 4. 

Figure 3.4 shows the stream network and location of lakes and ponds with the dams in the 

watershed. 

Table 3.2: Dams in Murderkill Watershed 

Pond/Lake Owner 
Dam 

Class 
Location 

Hazard 

Classification 

McGinnis Pond DNREC Division of Fish 

and Wildlife  

B McGinnis Pond 

Road 

High 

Andrews Lake DelDOT A Andrews Lake 

Road 

Significant 

Coursey Pond DelDOT B Canterbury 

Road 

High  

Killens Pond DNREC Division of 

Parks and Recreation  

B Killens Pond 

Road 

Low 

McCauley 

Pond 

DNREC Division of Fish 

and Wildlife  

B Canterbury 

Road 

High 
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Figure 3.4: Stream Network and Location of Significant Water Bodies  
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3.4 SOURCE WATER PROTECTION PROGRAM 

The Delaware Water Resources Agency along with the Delaware Division of Public Health 

promotes the protection of waters in streams and aquifers in the state of Delaware through their 

ñSource Water Assessment and Protection Program (SWAPP).ò In their April 2007 publication, 

ñProtecting the Sources of Your Drinking Water,ò DNREC stated that all of Kent County relies 

solely on ground water for drinking water supplies and that it is important to protect these areas 

from ground water contamination. According to SWAPP, the source water protection areas are 

classified as follows:  

¶ Well head areas 

¶ Excellent ground water recharge potential areas 

¶ Surface water supply areas 

Kent County has the highest percent of ñExcellent Ground Water Recharge Potential Areasò in 

the state of Delaware. Ground water is recharged by infiltration of rainfall through land surface; 

therefore, changes in land use distribution would affect the quality of runoff infiltrating, which in 

turn affects the ground water quality. Hence, it is critical to protect these ground water recharge 

areas from development/activities that cause detrimental effects on the quality of ground water. 

Recommendations regarding protection of excellent ground water recharge potential areas are 

presented in Section 11 of this report. 

Table 3.3 gives the distribution of the recharge potential areas in Murderkill Watershed, and 

Figure 3.5 shows the distribution of potential ground water recharge areas. 

Table 3.3: Distribution of Recharge Potential Areas in Murderkill Watershed 

Recharge Potential Percent of Watershed 

Excellent 26.9% 

Fair 26.8% 

Good 35.6% 

Poor 2.6% 
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Figure 3.5: Distribution of Ground  Water Recharge Potential Areas 
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3.5 WATER QUALITY 

The Murderkill Watershedôs most significant environmental concerns are high nutrient loading 

and low dissolved oxygen. A water quality assessment performed by DNREC determined that, to 

meet Delawareôs Water Quality Standards in the Murderkill River Watershed, ñthe point and 

non-point source loads of nutrients (nitrogen and phosphorus) and oxygen-consuming 

compounds (CBOD5) within the watershed should be reducedò (DNREC, 2005). CBOD5 is 

carbonaceous biochemical oxygen demand. As a result, the Total Maximum Daily Loads 

(TMDLs) that were published in 2001 were amended in 2005 to include nutrients and CBOD5 

within the Murderkill Watershed.  

(1) Point Sources: The major point sources that contribute to the pollution in the watershed 

are from wastewater treatment plants. Five wastewater treatment facilities are located in 

the watershed. Names of the facilities and streams receiving treated wastewaters are 

listed in Table 3.4. 

Table 3.4: Wastewater Treatment Facilities in the Watershed 

Facility Name Receiving Stream 

City of Harrington STP Browns Branch 

Kent County Facility Lower Murderkill 

Canterbury Crossing MHP Double Run 

Southwood Acres MHP Double Run 

West Farm, Inc. Middle Murderkill 
STP ï Sewage Treatment Plant 

MHP ï Mobile Home Park 

Three point sources are regulated by DNREC through the National Pollutant Discharge 

Elimination System (NPDES) Permit Program: City of Harrington Sewage Treatment 

Plant, the Kent County Facility, and the Canterbury Crossing Mobile Home Park. As 

NPDES permits require discharge monitoring reports, the concentrations of point sources 

were used by EPA to develop the TMDLs. The Southwood Acres MHP and West Farm 

Inc. no longer discharge to the Murderkill River and hence are not included in the 

NPDES permit program. 

(2) Non-point Sources: Non-point sources of pollution in the watershed include surface 

runoff from agricultural and other land use activities, septic tanks, and ground water 

discharges loaded with nutrients, especially nitrogen (EPA, 2005). The major non-point 

sources of pollutant discharges in the Murderkill River Watershed are surface runoff from 

agricultural and urban areas and leakage from septic systems. 

3.6 STORMWATER MANAGEMENT 

In general, development results in an increase in impervious cover and an increase in the peak 

flow and total volume of runoff. Development also impacts the water quality of the runoff 

entering the streams, as it contains pollutants such as nutrients, pathogens, and sediments. 

Stormwater management facilities play an important role in reducing the volume of runoff and 
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amount of pollutants entering the streams. Stormwater management facilities provide water 

quality treatment, volume reduction, or both, depending on the type of facility.  

Based on existing land use conditions, 21.2 square miles in Murderkill Watershed is developed. 

A review of existing data provided by DNREC indicates that there are 183 stormwater 

management facilities in the Murderkill Watershed that treat stormwater runoff from 

approximately 5 square miles of developed area which is only 24% of the developed area of the 

watershed. Table 3.5 lists the types of stormwater management facilities in the watershed and the 

total area treated by each type. Figure 3.6 shows the distribution of the facilities in the watershed.  

Appendix B lists all the stormwater management facilities located in the watershed. 

Table 3.5: Stormwater Management Facilities in the Watershed 

Type of Facility 
No. of Facilities in 

Watershed 

No. of Acres Treated by the 

facility (Acres) 

Bioretention 1 1.4 

Bio-Swale 28 148 

Dry Pond 44 446 

Infiltration 27 261 

Other 3 103 

Wet Pond 80 2,201 
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Figure 3.6: Location of Stormwater Management Facilities in Murderkill Watershed 
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3.7 FEMA FLOOD STUDY 

Kent County currently has a published County-wide Digital Flood Insurance Rate Map (DFIRM) 

that delineates areas subject to flooding.  Some of the streams in the County are studied by 

detailed methodology and the maps depict the 100-year and 500-year flood zones with Base 

Flood Elevations (BFE) shown for the 100-year event (i.e., Zone AE).  However, numerous 

streams in the watershed were studied by "approximate" methodologies (i.e., Zone A) which are 

generally less accurate.  To support DNRECôs involvement in the National Flood Insurance 

Program, URS is performing an updated study of 35 miles of streams in the Murderkill 

watershed to update Zone A areas to Zone AE with Base Flood Elevations.  

 

3.8 DRAINAGE COMPLAINTS DATABASE 

Flooding is a major concern in the Murderkill Watershed. Rapid urbanization along with aging 

stormwater management facilities and undersized culverts have caused an increase of flooding in 

the Murderkill Watershed. DNREC maintains a Drainage Complaint Database that compiles 

complaints received regarding drainage issues.  These complaints are generally made by 

residential property owners.  A total of 91 drainage complaints were recorded since 2007, of 

which, 55 were categorized under Private Drainage Concern, 21 under Sediment and Stormwater 

Concern, and the remaining 15 complaints were miscellaneous relating to other categories. 

According to the drainage complaints database provided by DNREC, 49 of the 91 complaints 

appear to be resolved. A table with the list of these complaints is provided in Appendix B of this 

report. 

Figure 3.7 provides the distribution of drainage complaints throughout the watershed. 
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Figure 3.7: Distribution of Drainage Complaints in the Watershed 
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Section 4 Hydrologic Analysis 
A hydrologic analysis of the Murderkill Watershed was performed as a part of the watershed 

study to better understand the watershedôs hydrologic characteristics and aid in the development 

of a what-if scenario model for providing recommendations for the restoration of the watershed. 

In addition, the hydrologic analysis supports the Murderkill Flood Study that URS is conducting 

for DNREC under a separate contract. 

The hydrologic model was developed using GIS mapping tools and the U.S. Army Corps of 

Engineers (USACE) Hydrologic Engineering Centerôs Hydrologic Modeling System: HEC-HMS 

(Version 3.3), ArcGIS 9.2 based (ESRI, 2006), ArcHydro (CRWR, 2007), and HEC-GeoHMS 

(USACE, 2003) models. The hydrologic model was developed using data obtained from 

previous studies as well as data gathered from field reconnaissance of Delaware dams and 

current GIS datasets, NOAA Atlas 14 precipitation data (NOAA, 2009), and USGS gage stream 

flow data (USGS, 2009).  

The study involved developing the model for two scenarios: 

(1) Existing conditions: the existing conditions land use information was obtained 

from the State of Delaware DataMIL (Delaware, 2008).  

(2) Future conditions: the future conditions land use information was developed by 

merging the existing land use data with the future zoning data provided in the 

Kent County Comprehensive Plan of 2007. 

The Soil Survey Geographic (SSURGO) database available at http://SoilDataMart.nrcs.usda.gov/ 

was used to obtain the GIS coverage of soils for the watershed. Data for dams at Andrews Lake, 

Coursey Pond, Killens Pond, McCauley Pond, and McGinnis Pond (surveyed by URS under a 

separate contract) were included in the model. In addition to the survey data, the dam storage 

information in the form of bathymetry data was obtained from Hydroqual (Thuman, 2009). 

A total of 67 subwatersheds were delineated using 3-meter DEM data. The model was run for the 

24-hour, and 1-, 2-, 5-, 10-, 25-, 50-, 100-, and 500-year recurrence interval rainfall events to 

estimate the flood magnitudes for the respective events. In addition to these, a 2-inch event, 

which is defined as the ñwater quality eventò by DNREC, was also simulated in the hydrologic 

model. 

Calibration of the model was conducted using the instantaneous discharge data available at three 

USGS stations: Murderkill River at Felton (USGS Gage 01484000), Pratt Branch (USGS Gage 

01484050), and Browns Branch (USGS Gage 01484018), along with precipitation data to model 

a selected storm event. The results obtained from the hydrologic analysis were compared to the 

effective discharges in the Federal Emergency Management Agencyôs (FEMAôs) Flood 

Insurance Study (FIS) for Kent County, Delaware, GISHydro, and also with the discharges 

obtained from the StreamStats website (USGS, 2009), which uses calculations derived from the 

most recent regression equations developed by Ries et al. Detailed descriptions of the model 

development along with the results are included in Appendix C (Hydrologic Analysis) of this 

report. 

The hydrologic analysis was approved by DNREC, and more detail on this analysis is included 

in Appendix C. This model has also been reviewed and approved by FEMA for use in the 
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Murderkill Flood Study. The flows from the hydrologic model were used to analyze the 

conveyance capacity of the road crossings (Section 5),and in the development of ñWhat-if 

Scenariosò Models (Section 8). 
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Section 5 Hydraulic Analyses of Road Crossings 
Streams that flow under a road or railroad are conveyed by engineered structures such as culverts 

or bridges. Depending on the roadôs level of service, such as high-capacity arterial or local 

residential, the structures are usually designed for storms with recurrence periods of 50, 25, or 10 

years plus one foot of freeboard.  Table 5.1 summarizes the Delaware classification of roads and 

the recurrence period storm they should be designed for. 

Table 5.1: Classification of Roads and Design Storm Event 

Type of Road Design Recurrence Period 

Storm Event 

Collector 50 -Year 

Arterial 50 -Year 

Local 25 -Year 

Rural Collector 25 -Year 

 

Overtopping, significant damage to roads, and traffic interruption occur during a flood event if 

there is a deficiency in the conveyance capacity of the structure. Structures with deficient 

capacities also decrease the stability of the stream channel, thereby causing erosion and 

sedimentation which affects aquatic life.  

URS performed hydraulic analysis of the stream crossings in the watershed to identify their 

conveyance capacities and deficiencies. Eighty-two structures with an opening larger than 36 

inches were analyzed. Procedures adopted in performing the analysis are described in the 

following sections. 

5.1 FIELD EVALUATION OF ROAD CROSSINGS 

The first part in the hydraulic analysis of the structures consisted of field evaluation of the 

crossings. Prior to conducting the field evaluation, URS obtained available crossing information 

from the DelDOT bridge maintenance group. URS then conducted field visits to road and 

railroad crossings that have openings of 36 inches or larger to collect the following data: 

¶ Crossing opening data (e.g., type, culvert size, culvert material, headwall 

material/configuration, culvert skew) 

¶ Distance from the top of the opening to the minimum overtopping elevation 

¶ Configuration of downstream channel (to compute outlet control discharges) 

¶ Distance from the downstream invert to the low-flow elevation below the culvert (to 

determine whether a blockage to fish passage exists; other downstream conditions such as 

bank erosion, over-widening, and bed degradation will be noted) 

¶ Digital photographs 

¶ GPS location of upstream and downstream culvert at ends 

¶ Potential for conveyance improvements 
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¶ Other pertinent data necessary for hydraulic computations  

For the purposes of this planning level study, the information was obtained using a tape measure 

and field observation rather than a detailed field survey. Field assessment sheets were developed 

to ensure consistent data collection. Completed field forms are included in Appendix A.  

5.2 EVALUATION OF THE HYDRAULIC CAPACITY 

After obtaining the measurements of the structures in the field, the capacities of the structures 

were evaluated. The HDS-5 (Hydraulic Design of Highway Culvert) approach was adopted and 

Microsoft Excel was used to conduct the analysis. Culvert capacities for all the structures were 

computed for inlet control and outlet control scenarios. The maximum capacity of the culvert 

under inlet control conditions was calculated from the field observations using equation 4.1: 

Q = [(A*D
0.5

)/Ku]*  [((HWi/D)-Y+0.5*S
2
))/C]

0.5
----------------------- (4.1)

 

Where, 

       Q = Discharge, cubic feet per second (cfs) 

       A = Full cross-sectional area of culvert barrel, square feet (ft
2
)
 

       D = Interior height of culvert barrel, ft 

     HWi = Headwater depth above inlet control section invert, feet (ft) 
          

S = Culvert barrel slope, feet per foot (ft/ft ) 

       Ku, M, C, Y = Constants for inlet control design equations (obtained from Table 9 of the 

Hydraulic Design of Highway Culverts manual, USDOT, May 2005) 

 

The maximum flow, Q, obtained from equation 4.1 was then used to determine the critical depth 

(dc) of the culvert using the nomographs. The obtained critical depth in turn was used to 

determine the capacity of the culvert with outlet control condition using equation 4.2: 

Q= A*[(2*H*g)/(1+K e+(29*n
2
*L)/R

1.33
)]

1/2
------------------------ (4.2)

 

Where, 

       Q = Discharge, cfs  

       A = Full cross-sectional area of culvert barrel, ft
2 

          
L = Length of the culvert barrel, ft  

       H = Headloss computed from outlet control equation, ft 

       n = Pipe (culvert) Manningôs coefficient 

       g = Acceleration due to gravity, 32.2 ft/sec
2 

       R = Wetted perimeter, ft 

       Ke = Entrance loss coefficients (obtained from Table 12 of the Hydraulic Design of  

Highway Culverts manual, USDOT, May 2005 ) 

 

A worst-case assumption for tailwater equal to bankfull condition was used. The discharges for 

both inlets and outlets were compared, and the lowest discharge was selected to determine the 

flow regime of the structure.  

Culvert capacity was estimated for two scenarios:   

1. With 0 foot of freeboard to the top of road 

2. With 1 foot of freeboard to the top of road 
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The subbasins containing the culverts were identified, and the peak flows for storm events were 

obtained from the existing and future conditions hydrology model. A raster analysis was 

performed in GIS using the Flow Direction Grid and Flow Accumulation Grid to determine the 

area draining to each crossing. The flows at each crossing were obtained using drainage area 

ratio estimates (equation 4.3): 

Qc= [Ac/A]
b
*Q------------------------------------------------ (4.3) 

Where, 

      Qc= Estimated flow at the crossing, cfs 

      Ac= Drainage area of the crossing, acres (ac) 

      Q = Subbasin flow from hydrology model, cfs  

      A = Drainage area of subbasin, ac 

      b = Exponent of drainage area 

Based on the report ñMagnitude and Frequency of Floods on Nontidal Streams in Delawareò 

(USGS, 2006), it can be inferred that a value of 0.6 is used for the exponent of drainage area, 

ñbò, in the Piedmont and a value of 0.7 is used in the coastal plain in the state of Delaware. Since 

the Murderkill Watershed is located entirely in the coastal plain, a value of 0.7 was used as the 

exponent of drainage area. For crossings located higher in the subbasins, flows were estimated 

using the upstream subbasin.  

URS considered the DelDOT road classification to determine the design storm. Roads 

categorized as Local and Rural Collector roads were assigned 25-year design storm and 

Collectors & Arterials were assigned 50-year design storm. Roads that were not in the DelDOT 

system were classified as local roads and assumed to have a 25-year design storm. The results of 

the analyses are categorized as follows: 

¶ Green:  Culvert passes the design storm with 1 foot of freeboard 

¶ Yellow: Culvert passes the design storm with less than one foot of freeboard 

¶ Red: Culvert does not pass the design storm 

The conveyance capacity of the crossings was analyzed for existing and predicted future 

condition flows. Figure 5.1 and 5.2 summarizes the results of the analyses. Table 5.2 through 

Table 5.4 show the summary of the hydraulic analysis and capacity of the structures expressed in 

terms of percent design flow conveyed through the structure.  The results are also summarized by 

subwatershed in Section 7. 

Table 5.2: Summary of Culvert Analysis 

 Green Yellow Red 

Existing 54.9% 13.4% 31.7% 

Future 51.2% 12.2% 36.6% 
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Table 5.3: Culvert Capacity for Existing Conditions 

Crossing ID Location Subwatershed 

Design 

Storm 

(Year) 

Capacity 

with 1' 

freeboard 

Capacity 

with 0' 

freeboard 

Classification 

031A Irish Hill Road Double Run 50  100% 100%   

033A Canterbury Road Pratt Branch 50  81% 92%   

033B Canterbury Road Hudson Branch 50  100% 100%   

035C Carpenter Bridge Road Middle Murderkill 50 100% 100%   

105A Peachtree Road Double Run 50  64% 77%   

106A Woodlytown Road Double Run 50  48% 56%   

239A Firetown Road Hudson Branch 25  84% 100%   

281A Hopkins Cemetery Road Swamp Creek 25  36% 61%   

282A Marshyhope Road Swamp Creek 25  100% 100%   

282B Marshyhope Road Beaverdam Branch 25  85% 95%   

286A Reeves Crossing Beaverdam Branch 25  100% 100%   

287A Paradise Alley Road Swamp Creek 25  100% 100%   

290A Pea Hill Road Browns Branch 25  84% 100%   

290B Pea Hill Road Browns Branch 25  25% 100%   

371A Barratts Chapel Road Double Run 50  100% 100%   

371B Barratts Chapel Road Hudson Branch 50  64% 74%   

371C Barratts Chapel Road Hudson Branch 50  100% 100%   

381A Fox Chase Road Hudson Branch 25  100% 100%   

384C Killens Pond Road Browns Branch 25  100% 100%   

386A Scrap Tavern Road Upper Murderkill 25  100% 100%   

388C Canterbury Road Middle Murderkill 50  100% 100%   

390A Fork Landing Road Middle Murderkill 25  100% 100%   

394A McCauley Pond Road McCauley Pond 25  100% 100%   

398A Sandbox Road McCauley Pond 25  100% 100%   

429A Jackson Ditch Road Browns Branch 25  100% 100%   

432A Messicks Road Browns Branch 25  100% 100%   

433A Corn Crib Road Browns Branch 25  100% 100%   

78A Little Mastens Corner Road Browns Branch 25  100% 100%   

URS1 Barratts Chapel Road Hudson Branch 50  100% 100%   

URS10 Paradise Alley Road Swamp Creek 25  49% 56%   

URS11 Little Mastens Corner Road Swamp Creek 25  100% 100%   

URS12 Lombard Street Beaverdam Branch 25  94% 100%   

URS13 Marshyhope Road Beaverdam Branch 25  100% 100%   

URS14 Plymouth Road Hudson Branch 25  65% 82%   

URS15 

Under railroad track near 

Turkey Point Road Hudson Branch 50  100% 100%   

URS16 Turkey Point Road Hudson Branch 50  100% 100%   

URS17 Barney Jenkins Road Double Run 25  71% 81%   

URS2 Robbins Road Pratt Branch 25  100% 100%   

URS20 West. Evens Road Hudson Branch 25  36% 53%   

URS21 West. Evens Road Hudson Branch 25  58% 74%   

URS22 Friedel Road Hudson Branch 25  78% 100%   

URS23 Evens Road Hudson Branch 50  84% 89%   
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Crossing ID Location Subwatershed 

Design 

Storm 

(Year) 

Capacity 

with 1' 

freeboard 

Capacity 

with 0' 

freeboard 

Classification 

URS24 Ruritan Lane Hudson Branch 25  100% 100%   

URS25 Berrytown Road Hudson Branch 25  100% 100%   

URS28 Black Swamp Road Swamp Creek 25  28% 53%   

URS29 Burnite Mill Road Swamp Creek 50  44% 63%   

URS3 Lake Drive Pratt Branch 25  56% 68%   

URS30 Mayor Lane Pratt Branch 25  100% 100%   

URS31 Erin Avenue Pratt Branch 25  100% 100%   

URS32 Little Mastens Corner Road Browns Branch 25  50% 84%   

URS33 Bowers Beach Road Lower Murderkill 25  82% 100%   

URS34 Anderson Road Double Run 25  58% 74%   

URS35 Woodlytown Road Double Run 50  22% 26%   

URS36 Millchop Lane Double Run 25  75% 97%   

URS37 Barratts Chapel Road Hudson Branch 50  100% 100%   

URS38 Midstate Road Middle Murderkill 50  100% 100%   

URS39 Midstate Road Middle Murderkill 50  100% 100%   

URS4 Indian Point Road Pratt Branch 25  100% 100%   

URS40 Midstate Road Middle Murderkill 50  100% 100%   

URS41 Cams Fortune Road McCauley Pond 25  100% 100%   

URS42 Bloomfield Drive McCauley Pond 25  95% 100%   

URS43 Gun Road and Club Road Browns Branch 25  62% 79%   

URS44 Central Park Drive Browns Branch 25  41% 59%   

URS45 Blue Jay Lane Middle Murderkill 25  100% 100%   

URS46 Holleger Middle Murderkill 25  100% 100%   

URS47 Fork Landing Road Middle Murderkill 25  93% 100%   

URS48 Weiner Avenue Browns Branch 25  75% 100%   

URS49 Little Mastens Corner Road Browns Branch 25  100% 100%   

URS5 Chimney Hill Road Upper Murderkill 25  100% 100%   

URS50 Park Brown Road Browns Branch 25  100% 100%   

URS51 Park Brown Road Browns Branch 25  100% 100%   

URS52 Milford Neck Road Lower Murderkill 25  70% 89%   

URS54 

Under railroad track near 

Messicks Road Browns Branch 25  100% 100%   

URS55 

Under railroad near Corn 

Crib Road Browns Branch 25  100% 100%   

URS56 Railroad Avenue Browns Branch 25  14% 37%   

URS57 

Under railroad track near 

Railroad Avenue Browns Branch 25  76% 84%   

URS58 Second Avenue Browns Branch 25  82% 100%   

URS59 Harrington Avenue Browns Branch 25  69% 100%   

URS6 Chimney Hill Road Pratt Branch 25  100% 100%   

URS7 Chimney Hill Road Pratt Branch 25  100% 100%   

URS8 Paradise Alley Road Upper Murderkill 25  80% 97%   

URS9 Paradise Alley Road Swamp Creek 25  58% 67%   
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Table 5.4: Culvert Capacity for Future Conditions 

Crossing ID Location Subwatershed 

Design 

Storm 

(Year) 

Capacity 

with 1' 

freeboard 

Capacity 

with 0' 

freeboard 

Classification 

031A Irish Hill Road Double Run 50  100% 100%   

033A Canterbury Road Pratt Branch 50 76% 86%   

033B Canterbury Road Hudson Branch 50  100% 100%   

035C Carpenter Bridge Road Middle Murderkill 50  100% 100%   

105A Peachtree Road Double Run 50  57% 69%   

106A Woodlytown Road Double Run 50  43% 50%   

239A Firetown Road Hudson Branch 25  74% 100%   

281A Hopkins Cemetary Road Swamp Creek 25  36% 61%   

282A Marshyhope Road Swamp Creek 25  100% 100%   

282B Marshyhope Road Beaverdam Branch 25  75% 84%   

286A Reeves Crossing Beaverdam Branch 25  100% 100%   

287A Paradise Alley Road Swamp Creek 25  100% 100%   

290A Pea Hill Road Browns Branch 25  78% 100%   

290B Pea Hill Road Browns Branch 25  23% 100%   

371A Barratts Chapel Road Double Run 50  100% 100%   

371B Barratts Chapel Road Hudson Branch 50  58% 67%   

371C Barratts Chapel Road Hudson Branch 50 100% 100%   

381A Fox Chase Road Hudson Branch 25  100% 100%   

384C Killens Pond Road Browns Branch 25  100% 100%   

386A Scrap Tavern Road Upper Murderkill 25  89% 100%   

388C Canterbury Road Middle Murderkill 50  100% 100%   

390A Fork Landing Road Middle Murderkill 25  100% 100%   

394A McCauley Pond Road McCauley Pond 25  100% 100%   

398A Sandbox Road McCauley Pond 25  100% 100%   

429A Jackson Ditch Road Browns Branch 25  100% 100%   

432A Messicks Road Browns Branch 25  100% 100%   

433A Corn Crib Road Browns Branch 25  100% 100%   

78A Little Mastens Corner Road Browns Branch 25  98% 100%   

URS1 Barratts Chapel Road Hudson Branch 50  100% 100%   

URS10 Paradise Alley Road Swamp Creek 25  49% 56%   

URS11 Little Mastens Corner Road Swamp Creek 25  100% 100%   

URS12 Lombard Street Beaverdam Branch 25  87% 97%   

URS13 Marshyhope Road Beaverdam Branch 25  100% 100%   

URS14 Plymouth Road Hudson Branch 25  59% 74%   

URS15 

Under railroad track near 

Turkey Point Road Hudson Branch 50  100% 100%   

URS16 Turkey Point Road Hudson Branch 50  100% 100%   

URS17 Barney Jenkins Road Double Run 25  63% 72%   

URS2 Robbins Road Pratt Branch 25  100% 100%   

URS20 West. Evens Road Hudson Branch 25  36% 53%   

URS21 West. Evens Road Hudson Branch 25  52% 67%   

URS22 Friedel Road Hudson Branch 25  70% 95%   

URS23 Evens Road Hudson Branch 50  77% 82%   
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Crossing ID Location Subwatershed 

Design 

Storm 

(Year) 

Capacity 

with 1' 

freeboard 

Capacity 

with 0' 

freeboard 

Classification 

URS24 Ruritan Lane Hudson Branch 25  100% 100%   

URS25 Berrytown Road Hudson Branch 25 100% 100%   

URS28 Black Swamp Road Swamp Creek 25  28% 53%   

URS29 Burnite Mill Road Swamp Creek 50  44% 63%   

URS3 Lake Drive Pratt Branch 25  51% 63%   

URS30 Mayor Lane Pratt Branch 25  100% 100%   

URS31 Erin Avenue Pratt Branch 25  100% 100%   

URS32 Little Mastens Corner Road Browns Branch 25  47% 78%   

URS33 Bowers Beach Road Lower Murderkill 25  80% 100%   

URS34 Anderson Road Double Run 25  52% 67%   

URS35 Woodlytown Road Double Run 50  19% 22%   

URS36 Millchop Lane Double Run 25  66% 86%   

URS37 Barratts Chapel Road Hudson Branch 50  100% 100%   

URS38 Midstate Road Middle Murderkill 50  100% 100%   

URS39 Midstate Road Middle Murderkill 50  100% 100%   

URS4 Indian Point Road Pratt Branch 25  100% 100%   

URS40 Midstate Road Middle Murderkill 50  100% 100%   

URS41 Cams Fortune Road McCauley Pond 25  100% 100%   

URS42 Bloomfield Drive McCauley Pond 25  95% 100%   

URS43 Gun Road and Club Road Browns Branch 25  56% 72%   

URS44 Central Park Drive Browns Branch 25  39% 57%   

URS45 Blue Jay Lane Middle Murderkill 25  100% 100%   

URS46 Holleger Middle Murderkill 25  100% 100%   

URS47 Fork Landing Road Middle Murderkill 25  83% 95%   

URS48 Weiner Avenue Browns Branch 25  72% 100%   

URS49 Little Mastens Corner Road Browns Branch 25  100% 100%   

URS5 Chimney Hill Road Upper Murderkill 25  100% 100%   

URS50 Park Brown Road Browns Branch 25  97% 100%   

URS51 Park Brown Road Browns Branch 25  100% 100%   

URS52 Milford Neck Road Lower Murderkill 25  70% 89%   

URS54 

Under railroad track near 

Messicks Road Browns Branch 25  100% 100%   

URS55 

Under railroad track near 

Corn Crib Road Browns Branch 25 100% 100%   

URS56 Railroad Avenue Browns Branch 25  14% 36%   

URS57 

Under railroad track near 

Railroad Avenue Browns Branch 25  73% 81%   

URS58 Second Avenue Browns Branch 25  78% 100%   

URS59 Harrington Avenue Browns Branch 25  66% 98%   

URS6 Chimney Hill Road Pratt Branch 25  100% 100%   

URS7 Chimney Hill Road Pratt Branch 25  100% 100%   

URS8 Paradise Alley Road Upper Murderkill 25  65% 78%   

URS9 Paradise Alley Road Swamp Creek 25  58% 67%   
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Figure 5.1: Results of Hydraulic Analyses of Road Crossings and Obstructions for Existing Conditions 








































































































