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Executive Summary

The Murderkill Watershed Management Plan focuses on assessing the stormwater quality and
guantity problems anprovides recommendations for improving conditions in the watershed.

This report builds on efforts identifiedinh e t echni cal memorandum APTr
Murderkill Subwatershedso devel oped by the Ce
Watershed conditits 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:

1 Hydrologic analysisvas conducted to understand the hydrologic characteristics of the
watershed and to provide basis for the development ofivbenario models. Further, the
flows from the hydrology model were used to evaluate the conveyance capacity of road
crossings athto support the development of updated Flood Insurance Rate Map information
(performed under separate contract).

1 Hydraulic computations were conducted for 82 culverts to determine their conveyance
capacity for design storm for existing and future caadg. 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 propos®dindersized crossings.

1 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 telcCauley 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 southerndamdhstream 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 Ddrbtereceived 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 resation strategies.

The watersheds that were ranked Poor or Very Poor were selected to develdsodradrio

models to assist Deleware Department of Natural Resources and Environmental Control
(DNREC) in development of appropriate stormwater manageragulations/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 fsopesw

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. Implementatibthese recommendations will help
DNREC meet their goals of reducing flooding and improving the water quality conditions in the
Murderkill Watershed.
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Introduction

Section Introduction

1.1 PROJECT PURPOSE

The Murderkill Watershed Management Pleas developed as a part of thefessional

engineeringand environmentalervices provided by URSorporationURS)to the Delaware

Department of Natural Resources and Environmental Control (DNREC) for the Murderkill
WatershedThe services providefdr the MurderkillWatershed, which are being conducted

under separate contragtsclude (1) A floodplainstudyt o support the DNRECOS
the National Flood Insurance Prograand(2) This watershednanagemenplan

The Department of Natural Resources and Environmental Conservation (DNR&€Sd with

the challeng®f urbanization in many parts of the state. In ordenitmimize the water quantity

and quality problems in these developing ar€d$REC is in the proes ofchangingheir

Sedimet and Storrwater Regulationdvurderkill 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 undertakisntatershed 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 Mnagement Placharactezes the watershedhrough a review of

existing data, fieldeconnaissan¢@andhydrologicmodelingto address flooding and water

guality concerns in the watershe&lsubwatershed assessment, detailed stream assessment, and
development of &whatif 0 scenario model were used to develop watershed recommendations to
restore and maintain watershed qualitlye planidentifiesand evaluaspotential opportunities

for flood protection measures, culv@nprovement projects, near retrofit stormwater

manaement facilitiesBest Management Practicd&\Ps), Low Impact Development (LID)
techniques, habitat improvements, stream restoration, anstnatural management strategies.

1.2 AREA OF STUDY

The Murderkill Watershed is located in southeastern Kent CoDaawareA vicinity map is

provided ag-igure 1.1. The watershethcludesthe Murderkill River as the mastem and

severasignificant tributariesincluding Spring Creek, Pratt Branch, Hudson Branch, Double

Run Branch, and Browns Brandignificant water bodies include McGinnis PomtCauley

Pond, Killers Pond, Courseffond, and Andrews Lake. The Murderkill Watershed drains 102.6

square miles in an easterly direction and discharges to the Delaware Bay at the Murderkill
Riverds confluence at Bowers Beach. The Murde
Delaware Bayd approximately the confluences of Spring Creek and Browns Branch with the
Murderkill River.
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Data Collection, Review, and Analysis

Section Data Collection, Revigamd Analysis

2.1 PREVIOUS STUDIES

The purpose of this task wascollect and reviewvexisting data on thilurderkill Watershed
Extensivewater quality data hee already been collected and documented in previous stdies.
avoid duplicating effortd)JRS usedthe results from previous studias a basis for the watershed
management plan.

URS obtained gvious studies, maps, aerial photograpinsigeographic infomation system
(GIS) datafor the Murderkill WatershedThe sources for the existing studies and data include
DNREC, Kent Conservation Districtyatershed groupshe Environmental Protection Agency
(EPA),the Delaware Department of Transportati@elDOT), and consultantd o understand
the baseline conditions of the watersHdRS studiedhe results of previousatershed
assessmentg.g.,potential improvement measur@gatershed conditiofscomprehensive
county, local, town, andcity plans and digital data, such as land use, soils cover, BMPs, and
drainage boundariethatwereused for the hydrologic modeling effoft list of documents
reviewed igprovided inSection 12

While numerous reports were reviewed and evatljatatafrom thereportPrioritization of
Murderkill Subwatershedsassignificanty contributed tahis study.The most recent assessment
of the Murderkill Watershedas conducted by the Center for Watershed Prote@@aviP)in
August 1, 2005CWP publishec Technical Memorandum entitl€tioritization of Murderkill
Subwatershedd his memorandum desbed thegeneral watershed conditioqsesentec

review of existng water quality monitoring datnda land cover analysis, and priorétt
subwatersheds for future analydifis memorandum served as a key documentfBrS 6
watershed assessmedRSalsoreviewedthe potential restoration measures identifrethis
memorandunior consistencywhenrecommendindghe proposed improvement measures for the
watershedn this plan Additionally, for consistencylURS maintainedhe general subwatershed
delineation for the watersheged inthe memorandum.

2.2 GIS DATA

The development of thurderkill Watershed Management Plan relies extensively on available
GIS dataAs part of this taskJRS reviewed existing GIS data frddNRECandKent County

Data were reviewed to identify existing stormwater management facifitess with no
stormwater management contragjsting outfalls and drainage areas, and potential restoration
project areaslTable2.1 below lists thedata acquired.

Table 2.1: Summary of Acquired GIS Data

GIS Coverage Source

2-foot contours 2007 DNREC

Aerial photograpg 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

m 7-JUL-14\\ 2' 1



Data Collection, Review, and Analysis

GIS Coverage

Source

Community boundaries

Kent County

Digital Elevation Model DEM) (statewide)

Delaware Geological Survey

Development status

Kent Cainty

Existinglanduse(2008)

DelawareDataMIL

Future land use (zoning based on 200
Comprehensive Plan)

Kent County

Geology

Delaware Geological Survey

Growth zone based on Kent County Growth Plan

Kent County

Impervious surface

DNREC

Light Detecting and Rangind.iDAR) data

DNREC

National Hydrography Dataset flow lines

U.S. Geological SurveflJSGS)

Parcels

Kent County

Private, municipaland county stormwater facilities
in Kent County

DNREC

Railroads DelDOT
Recharge potential maps Kent County
Roads Economic and Social Research Institute (ESRI

Sewer, water, and stordrain data layers

Kent County or DNREC

Soils

Natural Resources Conservation Service

Wetlands

Kent County

2.3 FIELD RECONNAISSANCE

Field reconnaissance was conducted by @R@neerdo obtain general information on the
watershedndroadcrossingnformation, and tsupplement and update the existing GIS data.
The field reconnaissancensisted of two part$l) Watershedverview ard (2) Evaluation of
road crossings and obstructions

(1) Watershedoverview: The watershed reconnaissamaes conducted with an emphasis
on identifying sources gjollution, observinggereral conditionsandidentifying
potential restoration opportunities in the watersirar 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, transportatias) &econtours.
To obtain data on watershed conditiod®S conducted 5 days of watershed
reconnaissancéince 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
assased in detail; therefore the field reconnaissaaigeted 17 specific areas in the
watershed thahcluded developed areas, undeveloped araad known problem areas.
Criteria used for selecting the target areas indude

U Land use (e.g., open space)

Property ownership (e.gpublic/private )

U
U Stream buffers
U

Areas of uncontrolled/controlled stormwater runoff

7-JUL-14\\ 2'2



Data Collection, Review, and Analysis

Photographs and notes were taken at éagjet siteand sample field assessment forms
are included irAppendixA. Potential restoration sites idéigd in the field
reconnaissance adescribedn Section 9of this report.

(2) Field evaluation of road crossings:Field evaluations of road and rail crossingsihgv
an opening of 36 inches t@argerwere conducted as partof hydraulic analysis of road
crossings/obstructions tietermingheir capacityfor approximate return peis. A total
of 82 crossings were euated in the field. Detailed informatiom the procedure
adopted for this evaluation is describe®ection Sof this report.

2.4 ESTABLISHMENT 8SRUDY SUBWATERSHEDS

URS used the subwatershed boundaries debgatle CWP as the basis for thatershed

study The delineation of the subwatersheds was based on major tributary drainage courses,
similar land use, and point of interest. Eleveajor subwatershedsgere delineatetbr the
Murderkill WatershedThe subwatershed boundaries were redefinece accuratelusing a
higherresolution topographic dataset which was used fod¢tailed hydrologic analysis of the
watershed. The establishment of the subwatersheds also aidedétatited investigatioand
characterizatiof the watershed in order tocus proposed improvement measures and
strategiesand to determine theaumulative baefitson a subwatershed levé&ligure 21 displays
the 11 major study subwatershefla.assessment of the study subwatersheds is provided in
Section 7of this report.
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Watershed Conditions

Section 3NVatershed Conditions

To better understand tleonditions of the watershed, a baseline assessment of the watershed was
performed.Theassessment included analyzing the exgstind future land us@atural 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 maphowthat 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 distypoutedily in the
municipalitiesof Bowers Beach, Felton, Frederica, Harrington, HoystodViola, and in the
censusdesignated places 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 aa growth zongeand about 69% of the total development in the county has occurred

in the growth zone in lagtyears(from 20022007) Table3.1, Figure3.1, andFigure3.2 show

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

Table 3.1: Existing and Future Conditions L and UseDistribution

Existing Future
Land Use Conditions Conditions
Clearcut 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 Nortidal 4.7% 4.4%
Evergreen Forest 0.7% 0.4%
Extractionand Transitional 1.5% 0.6%
Farms, Pasture and Cropland 50.5% 26.5%
Farmsteads 1.0% 0.6%
Forested WetlandTidal and Nortidal 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 Buikup Land 0.2% 0.1%
Mobile Home Parks/Courts 0.3% 0.1%
Multi Family Dwellings 0.0% 0.0%
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Watershed Conditions

Existing Future
Land Use Conditions 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 WetlandTidal and Nortidal 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%

URS 7-JUL-14\ 3'2



Watershed Conditions
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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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Watershed Conditions

3.2 SOILS AND GEOLOGY

Hydrologic soil group type B (silt loam or loam) with deyate infiltration rates occupies
approximately 49%f the watershedHydrologic soil grougype D (silty clay loam, sandy clay,
clay) with high runoff coefficients coveR8% 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®of the watershedespectivelyThe distribution of the
hydrologic soil group was uséa the development of the hydrologic model for the watershed.

The watershed lies entirely on the Atlantic coastal plaimchis primarily made up of
sedimens, silt, sand and gravethat havesroded off thd?iedmont and adjaceAppalachian
Mountains.Geologically the watershed can be divided into 8 distinct areas classified as

1 Beaverdam Foundation 71 Scotts Corners Formation
i Carolina Bay Deposits 1 Marsh Deposits

1 Columbia Formation 1 Shoreline Deposits

1 Lynch Heights 1 Swamp Deposits

Distribution of hydrologic soil groups and geological units in the Murderkill Watershsttbisn
in Figure3.3.
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3.3 HYDROLOGY

The watershed contains approximately 231 miles of stream netwibtnkMurderkill River as

the mainstemand Spring Creek, Pratt Branch, Hudson Branch, BoRlbn Branchand Browns
Branch as the major tributariespproximately0.78 sagaremile of the watershed is occupied by
lakes and ponds. Significant lakes in the watershed include McGinnis Ro@duleyPond,
Killens Pond, CoursefPond, and Andrews Lak&hese facilities are stat®vned and the dam
embankments and hazard classification for these facilities have recently been evaluated by
DNREC. Information on location of the dasandtheir hazard classification is listed Trable

3.2. This information aided in the development of the hydrologic model which is described in
Section 4

Figure3.4 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 Location Ha_zard_
Class Classification

McGinnis Pond| DNREC Division of Fish B McGinnis Pond| High

and Wildlife Road
Andrews Lake DelDOT A Andrews Lake | Significant

Road

Coursey Pond DelDOT B Canterbury High
Road

Killens Pond DNRECDivision of B Killens Pond Low
Parks and Recreation Road

McCauley DNRECNDivision of Fish B Canterbury High
Pond and Wildlife Road

URS 7-JUL-14\ 3‘ 7
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3.4 SOURCE WATER PROTEGNTPROGRAM

TheDelawareWater Resources Agency along with the Delaware Division of Public Health

promotes the protectianf waters in streams and aquifers in the state of Delaware through their
ASource Water Assess mMEWAPPa imthdar Rorii@@0épukilicatom Pr ogr
APr ot e cSouices gfY ourrenking Water, DNREC statecthatall of Kent County relies

solely on groundavater for drinking water supplies and that it is impattto protect these areas

from ground watecontamination. According t8WAPP the source water protection areas are
classifiedas follows

1 Well head areas
1 Excellentground waterecharge potential areas

1 Surface water supply areas

Kent County hasthehige st p er c e nGroundfWatéFEexcched rl eentPot ent i al
the state of Delawar&round water is recharged bgfiltration of rainfall through langurface;

therefore changes in land use distribution would affect the quality of runoff infiligatvhichin

turn affects theground watequality. Hence, it is critical to protect thegeund waterecharge

areas from development/activities that cause detrimental effects on the quagtityiod water
Recommendations regarding protection of éecglground water recharge potential areas are
presented in Section 11 of this report.

Table3.3 gives the distribution of the recharge potential areas in Murderkill Wateahed
Figure3.5 shows the distribution gdotentialground waterecharge areas.

Table 3.3: Distribution of RechargePotential 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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3.5 WATER QUALITY

The MurderkilWat er shedds most significant environmen
and low dissolved oxyge@ water quality assessmepeerformed by DNREGletermined thato

meet Del awareds Water Quality Stfthewpdiatands i n t h
nornpoint source loads of nutrients (nitrogen and phosphorus) and erggsnoming

compounds (CBOE) within the watershed shal b e r ®NREC €00%).CBOD:s s

carbonaceous biochemical oxygen demada resultthe Total Maximum Daily Loads

(TMDLs) thatwere published in 200diereamended in 2005 to include nutrients &®BIODs

within the MurderkillWatershed.

(1) Point Sources The major point sources that contribute to the polluticheéwatershed
arefrom wastewater treatment planEsve wastewater treatmefdcilities are located in
the watershed. Names of the fa@#tandstreamgeceivingtreated wastgaters are
listed in Table3.4.

Table 3.4; Wastewater Treatment Facilities in the Watershed

Facility Name Receiving Stream
City of Harrington STP Browns Branch
Kent CountyFacility Lower Murderkill

Canterbury Crossing MHP| Double Run
Southwood Acres MHP Double Run

West Farminc. Middle Murderkill
STP1 Sewage Treatment Plant
MHP i Mobile Home Park

Three point sources are regulated by DNREC through #tiemalPollutantDischarge
Elimination System (NPDESPermit Program: City of Harrington Sewage Treatment
Plant,the Kent County Facility, and the Canterbury Crossing Mobile Home PRark.
NPDES permits require discharge monitoring reports, the concentrations of poimissourc
were usedy EPAto develop the TMDLs. The Southwood Acres MatiRl West Farm

Inc. no longer discharge the Murderkill River and hence anet 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 tanksyrmohd water
discharges loaded with nutrients, especially nitrogen (EPA, 2088)major nofpoint
sources of pollutat discharges in the Murderkill River Watershed are surface runoff from
agricultural and urban areas and leakage from septic systems

3.6 STORMWATER MANAGEMEN

In general, developmengsulsin anincrease in impervious covandan increase in the peak
flow andtotal volume of runoff Development also impacts the water quality of the runoff
enteringthe streamsas it contains pollutants such as nutrients, pathogedsediments.
Stormwater management facilities play an important role in reducing the vofumneoff and

URS 7aut1an 3-11
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amount of pollutants entering the strea®rmwater managemetaicilities provide water
quality treatmentyolume reductionor both, depending on the type of facility

Based on existing land use conditioR$,2 square miles in MurderkiWatershed is developed.

A review ofexisting dataprovided by DNREGndicates thathereare183 stormwater
management facilities the Murderkill Watershed théteat stormwater runoff from
approximately Ssquare miles afievelopedarea which is onlg4% of thedeveloped areaf the
watershedTable3.5 lists the typesf stormwater management facilities in thatershed and the
total area treated bgachtype Figure3.6 shows the distribution of the facilities in the watershed.

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

Table 3.5: Stormwater Management Facilities in the Watershed

Type of Facility No. of Facilities in No. of Acr(-;-s Treated by the
Watershed facility (Acres)

Bioretention 1 14
Bio-Swale 28 148
Dry Pond 44 446
Infiltration 27 261
Other 3 103

Wet Pond 80 2,201

URS 714y 3-12
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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 Couwige Digital Flood InsurancRate Map (DFIRM)

that delineates areas subject to floodiBgme of the streams in the County are studied by

detailed methodology and the maps depict theys20 and 50§ear flood zones with Base

Flood Elevations (BFE) shown for the 198ar event (i.e.Zone AE). However, numerous

streams in the watershed were studied by "approximate" methodologies (i.e., Zone A) which are
generallylessaccuratd.o support DNRECG6s involvement in t|
Program, URS is performing an updated gtati35 miles of streams in the Murderkill

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

3.8 DRAINAGE COMPLAINDFS ABASE

Flooding is a major concern in the Murderkill Watershed. Rapid urbanization along with aging
stormwater manageent 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 issidsse complaints are generally made by

resdential property ownersA 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 relatingtacatgories.

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 dfainage complaints throughout the watershed.
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Section Hydrologic Analys

A hydrologicanalysisof the Murderkill Watershed was performed as a part of the watershed
study to better understand taneadaidiwnahe devetopnent6s hy
of a whatif scenario modefor providing recommendations for the restoration of the wsited.

In addition the hydrologic analysis suppsthe Murderkill Flood Study that URS ¢®nducting

for DNREC under a separate contract.

The hydrologic model was developed using GIS mapping tools and tharfth$ Corps of

Engineers (USACE) irologic EnhgineeringCer 6 s Hydr ol ogi HEQHME e |l i ng
(Version 3.3), ArcGIS 9.2 based (ESRI, 2006), ArcHydro (CRWR, 2@0d HEGCGeoHMS

(USACE, 2003) models. Theydrologic modeivas developed using data obtained from

previous studies as well as datdtered from field reconnaissance of Delaware dams and

current GIS datasets, NOAA Atlas 14 precipitation data (NOAA, 2009), and USGStgzay@a

flow data (USGS, 2009).

The studyinvolveddevelopng the model for two scenarios

(1) Existing conditions: the esting conditiondand usanformation wasbtained
from the State ofDelawareDataMIL (Delaware 20(8).

(2) Future conditions: the future conditiolasd usénformation wasdeveloped by
merging the existing landse data with the futurering data provideth the
Kent County Comprehensived?l of 2007.

The Soil Survey Geographic (SSURGO) database availaliig@t/SoilDataMart.nrcs.usda.gov/
was used to obtain the GIS coverage of soils for the wateSatmfordams at Andne's Lake
Coursey Pond, KillewPond, McCauley Ponénd McGinnis Pon@surveyed by URSInder a
separate contraovereincluded 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 usingeer DEM dataThe model was run fahe

24-hour, and1-, 2-, 5, 10, 25, 50, 100, and 500year recurrence interval rainfall events to

estimate the flood magnitudes for the respective events. Iticadtti thesea 2inch event

which is defined as t he,wisakdsenulatey inahke hydrologie ve nt o
model.

Calibration of the model was conductasing the instantaneous discharge data available at three
USGS stationdMlurderkill River at Felton (USGS Gage 01484000), Pratt Branch (USGS Gage
01484050)and Browns Branch (USGS Gage 014840ak)ng with precipitation dati@ model

a selected storm eventhe results obtained from the hydrologic analysis were compared to the
effective dscharges in the Federal Emergeignagement Agenéyé F E M A-tbad)

Insurance Stud{FIS) for Kent CountyDelaware GISHydrqg and also with the discharges
obtained from the StreamStats webfilSGS, 2009)which uses calculations derived from the
mostrecent regression equations developed by Ries Betdiled descriptionof the model
development along with the results are include8lppendixC (Hydrologic Analysig of this

report.

The hydrologic analysis wagpproved by DNRECandmore 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 StudyThe flowsfrom the hydrologic model were used to analyze the
conveyance capacity of the road crossirggction andi n t he devel-bpment of
S ¢ e n aModets Seéction §.
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Section Hydraulic Analyses of Road Crossings

Streamdhat flowunder a roadr railroad are conveyed by engineered structsues asulvers
or bridges.Depending on the o aldvélef service such as higitapacity arterial or local
residentialthe structures are usually desigrfiedstorms withrecurrence periagbf 50,25, or 10
yearsplusonefoot of freeboard Table5.1 summarizeshe Delaware classification of roads and
therecurrence period storm they should be designed for

Table 5.1: Classification of Roads andDesign 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 twads andtraffic interruption occuduring a flood evernit
there is a deficiency in the conveyance capacity of the structure. Structures with deficient
capacities also decrease the stability of the stream chémerelbycausing erosion and

sedimentation whichffect aquatic life.

URS performedhydraulic analysief the stream crossings in the watershed to identify their
conveyance capaa@sand deficiencies. Eigistwo structuresvith an openindargerthan 36
incheswere analyzedProcedures adopted in performing the analysisleseribedn the
following sections.

5.1 FIELD EVALUATIONRPAD CROSSINGS

The first part in the hydraulic analysis of the structw@ssisted of fiel@valuation of the
crossingsPrior toconducting the field evaluatiohlRS obtained available crossimjormation
from the DelDOT bridge maintenance grouirSthenconducted field visits to road and
railroad crossings that have opersing 36inches olargerto collect the following data:

T

Crossing openindata (e.g., type, culvesize, culvert material dadwall
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 {tboww elevation below the culve(to
determine whether a blockage to fish passage ertbisr downstream conditions such as
bank erosion, ovewidening, and bed degradation will be ngted

Digital photographs

GPS location of pstream and downstreasulvert at ends

Potential for conveyance improvements

URS
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1 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 detailettfsurveyField assessment sheets were developed
to ensire consistent data collectiocbompleted field forms are included in Appendix

5.2 EVALUATION OF THEDRAULIC CAPACITY

After obtaining the measurements of the structures in the fieddcapacies of thestructure
wereevaluated. The HDS (Hydraulic Design of Highway Culvert) approashs adopted and
Microsoft Excel was used mnductthe analysisCulvert capacities foall the structures were
computed for inlet control and outlet control seeas.The maximum capacity of the culvert
under inlet ontrol conditions wasalculated fronthe field observations usireguatiord.l:

Where,

Q = Discharge, cubic feet per second (cfs)
A = Full crosssectional area of culvert barrel, square feé} (ft
D = Interior height of culvert barreft

HW,; = Headwater depth above inlet control section indedt (t)
S = Culvert barrel slopdget 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 manualSDOT, May 200pb

The maximum flowQ, obtained from equation 4.1 was then used to determine the ailitjotid
(de) of the culverusing the nomograph$he obtained critical depth in tumvasused to
determine the capacity of the culvert with outlet contomditionusingequation 4.2

Q= A*[(2*H*g)/(1+K o+(29*n?*L)/R 1332 (4.2)

Where,
Q = Dischargecfs
A = Full crosssectional area of culvert barref ft
L = Length of the culvert barrel, ft
H = Headlossomputed from outlet control equation, ft
n=Pipe (cuvertManni ngbés coef ficient
g = Acceleration due to gravit@2.2ft/seé
R = Wetted perimeter, ft
Ke = Entrance loss coefficients (obtained from Table 12 of the HydrBekign of
Highway Culverts manuaUSDOT, May 2005

A worstcase assumption for tailwater equal to bankfull conditionwgasl. Thalischarges for
both inles and outlet werecomparegand the lowest discharge was seledtedetermine the
flow regimeof the structure.

Culvert capacity was estimated toro scenarios

1. With O foot of freeboardo the top of road
2. With 1 foot offreeboardo the top of road
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The subbasins containing the culverts were identiied 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 detern@ne th
area draining to each crossing. The flowsathcrossing were obtained uginlrainage area

ratio estimates (equation 4.3)

@l A Y e T — (4.3)
Where,
Q.= Estimated flow at the crossingfs
A= Drainage area of the crossirgres &0
Q =Subbasirflow from hydrology model, cfs
A = Drainage area of subbasin, ac
b = Exponent of drainage area

Based on the report fAMagnitude and aareequency
(USGS,2000), it can be inferred that a value of 0.6 is uk®dhe exponent of drainage area,

A b id the Piedmont and a value of 0.7 is useth@coastal |ain in thestate of Delaware. Since

the Murderkill Watershed is located entir@hythe coastallpin, a value of 0.7 was used as the
exponent of drainage ardeor crossings located higher in the subbasins, floerge estimated

using the upstream subbasin.

URS considered the DelDOT road classification to determine the design Biwas
categorized akocal and Rural Collector roads were assigr2&gyear design stormnal
Collectors & Arterials were assign&@-year design storm. Roads that were not in the D&ID
system were classified &scalroads and assumed to have a-®ar design storni.heresultsof
the analysesra categorized as follows:

1 Green:Culvert passes the design storm witfoot of freeboard
1 Yellow: Culvert passes the design storm wébs than one foot of freeboard
1 Red:Culvert does not pass the design storm

The conveyace capacity fthe crossings waanalyzed for existing and predicted future

condition flows Figure5.1 and 5.2summarizesheresults oftheanaly®s. Table5.2 through

Table5.4 showthe summary of the hydraulic analysis and capacity of the structures expressed in
terms of percent design flow conveyed through the strucitine resuls are also summarized by
subwatershed iBection 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

Design| Capacity | Capacity
Crossing ID Location Subwatershed Storm with 1' with 0' Classification
(Year) | freeboard | freeboard

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

033A Canterbury Road Pratt Branch 50 81% 22%
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 UpperMurderkill 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 Roa; 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 Roa Swamp Creek 25 100% 100%
URS12 Lombard Street Beaverdam Branch| 25 94% 100%
URS13 Marshyhope Road Beaverdam Branch| 25 100% 100%
URS14 PlymouthRoad Hudson Branch 25 65% 82% [

Under railroad track near

URS15 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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Design| Capacity | Capacity
Crossing ID Location Subwatershed Storm with 1' with O' Classification
(Year) | freeboard | freeboard

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 Roa 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%
URSA43 Gun Road and Club Roag Browns Branch 25 62% 79%
URS44 CentralPark 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%
URSA49 Little Mastens Corner Roa 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%

Under railroad track near
URS54 Messicks Road Browns Branch 25 100% 100%

Under railroad near Corn
URS55 Crib Road Browns Branch 25 100% 100%
URS56 Railroad Avenue Browns Branch 25 14% 37%

Under railroad trackear
URS57 Railroad Avenue Browns Branch 25 76% 84%
URS58 Second Avenue Browns Branch 25 82% 100%
URS59 Harrington Avenue Browns Branch 25 69% 100%
URSG6 Chimney Hill Road Pratt Branch 25 100% 100%
URS7 Chimney Hill Road Pratt Branch 25 100% 100%
URSS8 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

Design | Capacity | Capacity
Crossing ID Location Subwatershed Storm with 1' with O' Classification
(Year) | freeboard | freeboard

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 Roa|  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 Roa| 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%

Under railroad track near
URS15 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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Design | Capacity | Capacity
Crossing ID Location Subwatershed Storm with 1' with O' Classification
(Year) | freeboard | freeboard

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 Roa| 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 McCauleyPond 25 100% 100%
URS42 Bloomfield Drive McCauley Pond 25 95% 100%
URSA43 Gun Road and Club Roac 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%
URSA49 Little Mastens Corner Roa| 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% [

Under railroad track near
URS54 Messicks Road Browns Branch 25 100% 100%

Under railroad track near
URS55 Corn Crib Road Browns Branch 25 100% 100%
URS56 Railroad Avenue Browns Branch 25 14% 36%

Under railroad track near
URS57 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%
URSS8 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 Crossingand Obstructions for Existing Conditions
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