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Executive Summary

The Williams Pond Watershed isabwatershed iNanticoke Watershed and includes Z.4
square miles of area that drains to the Williams Pond near Seaford, located in western Sussex
County, Delaware The Delaware Department of Natural Resources and Environmental Control
(DNREC) contracted URS Corporation to develop Wiliams Pondwatershed Management

Plan The primary goal of the watershed management plan is to reconiloedaontrol

measures throughibthe watershed and water qualityprovements wherever feasible.

Watershed conditions were evaluate@ilable dataURS performed théllowing analyses:

1 Hydrologic analysis was conducted to understand the hydrologic characteristics of the
watershed antb providethebasisfor whatif scenarioanalysesFurther, the flows from the
hydrology model were used to evaluate the conveyance capacity of road crossings

1 Hydraulic computations were conducted 2&culverts to determineonveyance capacities
for thedesign storraunderexisting and future conditions. The culverts were categorized as
green (passes the design storm Witbot of freeboard), yellow (passes the design storm
with less thari foot of freeboard), and red (does not pass the design stonprpvement
measureareproposed for undersizeailverts

1 URS assessed theathageconditionsfor the part of Route 1®ithin the waershedo
estimate theantributing drainage areadRS categorize866 drainage structuregjgending
on the level omaintenance requiredsfinod (observed to be in good conditiofninoro, or
fimajor. Maintenance recommendations were proposed to minimize drainage issues.

1 Detailedstreamassessmentsere conducted foenhstreamsegmentsncluding Herring Run,
AtlantaDevonshire Tax Ditch, William H. Newton Tax Ditch, Middleford Tax Ditch, Clear
Brook, and Tributaryto Clear BrookBucks Branchand Feidel Prong

1 The ®ven tax ditch systems the watershed were analyzed and proposed measures were
recommended.

Basedon the above analysddRS qualitdively rankedthe subwatershedSubwatersheds
ranked asi Godd (Upper Bucks BrangrandfiFairo (Gilbert Trivitts Ditchand Clear Brook
Downstream) werdocated in théneadwater reaches of the Williams Pond Waterdhesidel
Prong,Clear Brook Upstreapi.ower Bucks BranchMiddleford Tax DitchWilliam H. Newton
Ditch, andWilliams Pondsubwatersheds receivediRooro rating primarily due tathelack of
adequate riparian buffandhigh nutrient loads from the agricutal runoffsin the
subwatershedd he Atlanta Devonshire Taitch and Herring Rusubwatershedceived a
fVery Pooro ratingdue tohigh number of undersized culvertsgher impervious cover and lack
of adequate riparian buffers

This Watershed Management Plan recommends improvement measures including structural
projects (e.g., riparian buffer improvements, stream restor&est,Management Practitew
Impact Developmerrojects, new stormwater ponds/wetlands, stormwater parafits, 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 megtgbals of reducing
flooding and improving the water quality conditions in ¥N@liams Pond Watershed.

m 7-JUL-14\\ES’ 1



Introduction

Section Introduction

1.1 PROJECT PURPOSE

DNRECI s faced with the challengaf urbanization in many parts of the state.minimize the

water quantity and quality problemstimese developing aredBNREC is in the process of
changingheir Sedimat and Storrwater Regulationd/Villiams PondwWatershed is identifieds

one of the primary target areas for developmamd 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 taecommendlood control/protective measures throughout the waterahdd

water qualityymprovenentswherever feasible.

TheWilliams Pond Watersheldlanagement Placharacterizethewatershedhrough a review
of existing data, fieldeconnaissancandhydrologicand hydraulianodelingto address flooding
and water quality concerns in the watershfedubwatershed assessment, detailed stream
assessment, and developmerftwhditif 0 scenario modsiwere used to develop watershed
recommendations to restore and maintain watersbalith The planidentifiesand evaluas
potential opportunities fdtood protection measures, culv@nprovement projects, near
retrofit stormwater management faciliti@est Management Practicd8MPs), Low Impact
Development (LID) techniques, habitat improvements, stream restoratxatifch restoration,
drainage improvements along Route &3d nonrstructural management strategies.

1.2 AREA OF STUDY

The Nanticoke Watershed drains about-bnei r d o f D tlha @Ghasapedks Bay aah d
occupies a major podn of Sussex County. Ehstudy area for this watershed management plan
is limited to the portion of the Nanticoke Watershed thangreo Williams Pond imvestern
Sussex CountyA vicinity map is provided abigurel.1l. The watershethcludessevera

significant streamsncluding Clear Brook, Bucks Brangland Herring RunThe watershed also
has several significaméx ditcheghat are designed to provide drainagedgricultural
commercialand residential areas. Major tax ditches in the watersichdle Atlanta Devonshire
Tax Ditch, Freidel Prong Tax Ditch, Gilbértivitts Tax Ditch, Middleford Tax Ditchand

William H. Newton Tax DitchSignificant water bodiesicludeHearns Pond and Williasn

Pond TheWilliams PondWatershed draing2.45 square miles msoutherrdirection and
discharges to theanticoke River athe Williams Pond Dam

URS 7-JUL-14\\1‘1
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Figure 1.1: Williams Pond Watershed Location
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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 th&/illiams Pond
WatershedWater quality data hee already been collected and documented in previous studies.
To avoid duplicating effortdJRS usedthe results from previous studias a basis for the
watershed management plan.

URS obtained gvious studies, maps, aerial photograpinslgeographic information system
(GIS) datafor theWilliams Pond Watershed he sources for the existing studies @lata
includeDNREC, SussexConservation Districtyatershed groupshe Environmental Protection
Agency (EPA)theDelaware Department of Transportati@elDOT), and consultants.o
understand the baseline conditions of the watershie® studiedhe results of previous
watershedssessmentg.g.,potential improvement measuy@gmtershed conditions
comprehensive countiocal, town, andcity plans and digital data, such as land use, soil cover,
BMPs, and drainage boundartestwereused for the hydrologic modeling effoft list of
documents reviewed govided inSection 14

URSreviewedand evaluated previously completeddsés to detenine their applicability to the
development of this watershed management glae existing dataerealso used to understand
the baseline conditions of the watershed to idepiifiential restoratiomeasures.

2.2 GIS DATA

The development of thé/illiams PondWatershed Management Plan relies extensively on
available GIS dataAs part of this taskJRS reviewed existing GIS data frdbNREC, Sussex
County and other sourcePata were reviewed toerform hydrologic analysisnd identify field
reconnaissance are&sijsting outfallsdrainage areas, and potential restoration project areas.
Table2.1 below lists the data acgad.

Table 2.1: Summary of Acquired GIS Data

GIS Coverage Source

2-foot contours2007 Delaware Department of Natural Resources an
Environmental Control (DNREC)

Aerial photograph 2007 U.S. Department oAgriculture Farm Service
Agency USDA-FSA) Aerial Photography Field
Office

Annual rainfall data National Oceanic and Atmospheric
Administration(NOAA)

Community boundaries Delaware DatdlIL

Digital Elevation Model DEM) (statewide) Delaware Geological Suey

Development status SussexCounty

Existinglanduse(2008) DelawareDataMIL

Future land use (zoning based on 200 SussexCounty

Comprehensive Plan)

Geology Delaware Geological Survey

Growth zone based dussexCounty Growth Plan | SussexCounty

Impervious surface Sussex County

m 7-JUL-14\\2' 1



Data Collection, Review, and Analysis

GIS Coverage Source
Light Detecton and Rangingl(iDAR) data Delaware DataMIL
National Hydrography Dataset flow lines U.S. Geological SurveflJSGS)
Parcels SussexCounty
Railroads DelDOT
Recharge potential maps DNREC
Roads Environmental Systems Research Insti{E8RI)
Soils Natural Resources Conservation Ser(N&CS)
Wetlands Sussex County

2.3 FIELD RECONNAISSANCE

URS conductedield reconnaissance tibtain genaal watershedhformation roadcrossing
information,andinformationon Route 13 drainage facilitiés supplement and update the
existing GIS data. The field reconnaissaocasisted of threparts (1) conduct vatershed
ovenview, (2) evaluatroad crossings and obstructipaad(3) assesslrainage along RoutE3
corridor. In addition stream assessments weneducted and are describedSaction 7 An
overview of conducted field reconnaissance is below:

(1) Watershedoverview: The watershed reconnaissamas conducted with an emphasis
on identifying sources gjollution, observinggereral conditionsandidentifying
potential restoration opportunities in the watersirtr to the field visit, URS identified
target areafor field assessment based on a desktop review of GISSlatze the field
reconnaissance was limited to 5 days by the sobpervices for this project, the entire
22.45square mile watershed could not be assessed in detail; thetleéofield
reconraissanceargeted 1 specific areas in the watershibat represented the various
conditions throughout the watershettluding developed areas, undeveloped araad
known problem areas. Criteria used for selecting the target areas dhclude

U Land useé.g., open space)

U Property ownership (e.goublic/private )

U Stream buffers

U Areas of uncontrolledndcontrolledstormwaterunoff

Photographs and notes were taken at éagjet siteandfield assessment forms are
included inAppendixA. Potential restoration sites identified in the field reconnaissance
aredescribedn Section 1df this report.

(2) Field evaluation of road crossings:Field evaluationef road and rail crossings hay
an opening of 36 inches @rgerwere conducted as partof a hydraulic analysis of road
crossings/obstructions tetermineheir capacityfor approximate return peids. A total
of 28 crossings were evaluated. Detaiiefbrmationon the procedure adopted for this
evaluation is described Bection of this reportPhotographs and notes taken at each
crossing are included in Appendix A.

(3) Field assessmendf Route 13drainage: Drainagestructuredocated along portion of
Route 13within thewatershedvere surveyeds a part of the task to determine the
dranage connectivityandidentify contributing drainage areas and poterdiainage

m 7-JUL-14\\2' 2



Data Collection, Review, and Analysis

issuesalong the corridarThe drainage structuresspectedncludel culverts, swales,
outfalls and ppes.Detailed information on the drainage systesus/eyedalong with
maps and proposed improvement recommendatevagiescribed i®ection 6of this

report.Photographs of the assessed drainage stegare included in Appendix A.

2.4 ESTABLISHMENT OF BYLBUBWATERSHEDS

URSdelineated the Williams Pond Watershmdindary using th®EM data provided by the
Delaware Geological Survey (DG3his watershed was further subdivided ififio
subwatershedsased on major tributary drainage courses, similar land use, angqfairterest.
The subwatershed boundaries were refined usingreiigsolution topographic datasethich
was used for thdetaikedhydrologic analysis of the watershed. The estabiesiit of the
subwatershedsided in theletailed investigatioand characterizatioof the watershetlecause
proposed improvement measuagsl strategiesould be more focuseghdcumulative benefits
on a subwatershed levéligure 2.1displays the 11 subwatersheds. assessment of the study
subwatersheds is provided$®ction 8of this report.

m 7-JUL-14\\2'3
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Watershed Conditions

Section 3NVatershed Conditions

To better understand tleonditions of the watershedRS performed baseline assessment of
the watershed. The assessment included analyzirexisteng and future land useatural
featuresand community feature$he results of the analysassedescribed in the sections below.

3.1 LAND USE

Existing conditions land use maphowthat the watershed is primarilydeveloped with

pockets of urbanizedreasRural areas with farms, pastuaad cropland occupy ane than half

of the watershed. Forested wetlands occupy approximageycentof the watershed. The
impervious development in the watershed is distributed primarily in the City of Seaford and
alongthe Route 13 corridor connecting City of Seaford dmmavn of Bridgeville. Singldamily
dwellings and commercial aretieat encompash4 percentand 3percenirespectivelyarethe
major impervious land use typm the watershed. The Sussex County Comprehensive Plan
(2008)indicates thamajor development in theatershed is expected to ocewound the City of
Seaford and alontipe Route 13 corridor. Major development that is expected to occur includes
highway @mmercial areas, mixed residential areas, municipalities, town ceandrdeveloping
areas. These areas ar e r e cioteplanZakk 3. hTabled@s i gnat
Figure3.1, andFigure3.2 showthe distribution of land use in the watershed for existing and
future conditions

URS 7-JUL-14\ 3‘ l



Watershed Conditions

Table 3.1: Existing Land UseDistribution

Existing
Land Use Conditions
Clearcut 0.2%
Commercial 3.4%
Confined Feeding Operations/Feedlots/Holding 1.6%
Deciduous Forest 0.3%
Emergent Wetland Tidal and Nortidal 0.3%
Evergreen Forest 0.7%
Extraction and Transitional 0.2%
Farms, Pasture and Cropland 59.3%
Farmsteads 1.3%
Forested Wetland Tidal and Nortidal 8.6%
Impervious 0.5%
Industrial 0.4%
Institutional/Governmental 0.8%
Manmade Reservoirs and Impoundments 0.3%
Mixed Forest 4.7%
Mixed Urban or Buikup Land 0.4%
Mobile Home Parks/Courts 0.2%
Multi-Family Dwellings 0.1%
Open Water 0.9%
Orchards/Nurseries/Horticulture 0.1%
Rangeland 0.2%
Recreational 0.9%
Scrub/Shrub Wetlantl Tidal and Nortidal 0.1%
Shrub/Brush Rangeland 0.1%
SingleFamily Dwellings 13.8%
Transportation/Communication/Utilities 0.2%
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Watershed Conditions

Table 3.2: Future Land Use Distribution

Future
Land Use Conditions
Clearcut 0.2%
Commercial 3.6%
Confined Feeding Operations/Feedlots/Holding 1.6%
Deciduoug-orest 0.2%
Developing Area 21.2%%
Emergent Wetland Tidal and Nortidal 0.3%
Evergreen Forest 0.6%
Extraction and Transitional 0.04%
Farms, Pasture and Cropland 24.6%
Farmsteads 1.3%
Forested Wetland Tidal and Nortidal 3.7%
General Residential 0.5%
Impervious 0.5%
Industrial 0.3%
Institutional/Governmental 0.8%
Man-made Reservoirs and Impoundments 0.3%
Mixed Forest 1.2%
Mixed Urban or Buikup Land 0.4%
Mobile Home Parks/Courts 0.2%
Multi-Family Dwellings 0.1%
Municipal Boundary 13.8%
Open Water 0.9%
Orchards/Nurseries/Horticulture 0.1%
Rangeland 0.1%
Scrub/Shrub Wetlantl Tidal and Nortidal 0.0027%
Shrub/Brush Rangeland 0.1%
SingleFamily Dwellings 2.6%
Town Center 20.4%
Transportation/Communication/Utilities 0.2%
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Figure 3.1: Williams Pond Watershed Existing Conditions Land Use Map
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Figure 3.2: Williams Pond WatershedFuture Conditions Land Use Map(Devdoped from Future Zoning in 2008SussexCounty 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 3®ercentof the watershedHydrologic soil group type A (sand, loamy sand)
with highest infiltration ratesccupy 25ercentof the watersheddydrologic soil group typ€
(sandy clay loammwith low infiltration rates and group D (silty clay loam, sandy clay, clay) with
high runoff coefficients occupy 32rcentand 20percenof the watershedespectivelyThe
distribution of the hydrologic soil group was ugedlevelop the hydrologic model for the
watershed.

The watershed lies entirely on the Atlantic coastal plaimchis primarily made up of
sedimend, silt, sandand gravethat haveeroded off thd?iednont and adjacemtppalachian
Mountains.Geologically, the watershed can be dividedo five distinct areas classified:as

1 Beaverdam Foundation 1 Swamp Deposits
1 NanticokeDeposits 1 Upland Bog Deposits
1 Alluvial Deposits

Distribution of hydrologic soil groups and geological units in\Wi#iams Pondwatershed is
shownin Figure3.3.
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Figure 3.3: Hydrologic Soil Group and Geologic Distribution
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Watershed Conditions

3.3 HYDROLOGY

The watershed contains approxima#®miles of stream networlMajor streams in the
watershd include Bucks Branch, Clear BrodkieidelProng, GilberiTrivitts Ditch, Herring
Run and William H Newton Ditch.Approximately0.24 squaremile of the watershed is
occupied by lakes and ponds. Significkkesandpondsin the watershed includg¢earns Pond
and Williams Pongdboth stateowned Thedam embankments and hazard classification
these facilities have recently been evaluated BRBEC, aslisted inTable3.3. This information
aided in the development of the hydrologic moudadich is described i&ection 4

Figure3.4 shows the stream network and location of lakes and ponds with the dams in the
watershed.

Table 3.3: Dams in Williams Pond Watershed

Pond/Lake Owner DN Location Ha_z_ard_
Class Classification
Hearns Pond DNRECDivision of Fish A Hearns Mill Significant
and Wildlife Road
Williams Pond DelDOT B Poplar Street Low

URS 7-JUL-14\ 3‘ 8



Watershed Conditions

Bridgev‘ille

(318)

~"Héarns Pond

Pennsylvania

New Jersey|

Delaware

. \ Blades

Maryland
B Publicly Owned Dams in Watershed N
Streams Stream Network and Significant
| Water Bodies 0 40 80 160, Water Bodies in the Watershed
I T Viies

Figure 3.4: Stream Network and Location of Significant Water Bodies
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Watershed Conditions

3.4 SOURCE WATASSESSMENT ARROTECTION PROGRAM

TheDelawareWater Resources Agency along with the Delaware Division of Public Health

promotes the protectianf waters in streams and aquifers in 8tate of Delaware through their
ASource Water Assess mMEWAPPa imthdar Rorii@@0épukilicatom Pr ogr
protectingthe Sources ofYour Drinking Water, DNREC statedthatall of SussexCounty relies

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

from ground watecontamination. According t8 WAPP the SourceWaterProtectionAreas are
classifiedas follows

1 Well HeadAreas
1 ExcellentGround WateRechargePotential Areas

1 SurfaceWaterSupply Areas

Approximately 8 percent of the land in Sussex County is classifiddeag ¢ eQ@rdurel hWater
Recharge Potential Areadround water is recharged bfiltration of rainfall through land
surfacetherefore changes in land use distribution would affect the quality of runoff infiltrating
whichin turnaffects theground wagr quality. Hence, it is critical to protect thegeund water
recharge areas from development/activities that cause detrimental effects on the quality of
ground waterRecommendationf®r protectng ground waterecharge potential areakssified

as exellentare presented iSection 13f this report.

Table3.4 gives the distribution of the recharge potential are&gilllams PondwWatershegdand
Figure3.5 shows the distribution gdotentialground waterecharge aredan the watershed

Table 3.4: Distribution of RechargePotential Areas inWilliams Pond Watershed

Recharge Potential Percent of Watershed
Excellent 6.9%
Fair 60.2%
Good 28.3%
Poor 1.8%
The rest of the 2.7% of the areaois in the wa
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Watershed Conditions

3.5 WATER QUALITY

TheWi | | i ams P o nnbst $igmiticant esnhirenchéntgisuesare high nutrient loading
bacteriaand low dissolved oxygei water quality assessment performed\anticoke
Watershed Alliancéen 2007(NWA, 2007)concluded that high level of nitrogen, phosphorous
and bacteria in thBanticoke Rivewatershed is an indicator of inputs from sewage plants,
septic system leakand agricultural runoffThe majornon-point sources of pollution in the
NanticokeWatershedre observed to mirface water runoff from agulture and other land use
activities septic tanksand ground water dischargesntainingnutrientssuch asiitrogen The
major point sources of pollution Manticoke Watershed are from wastewater treatment plants.
There are ningvastewater treatmentdities in the Sussex County part of the Nanticoke
Watersheghowever,none of them are located in tiélliams Pond Watershed.

3.6 STORMWATBRANAGEMENREQUIREMENTS

Traditionally, the Williams Pond Watershed has been primarily a rural watershed with

agricuture as its major land use. However, in the last decade the watershed has faced significant
developmentln general, development results in increased impervious cover, which results in
increased peak flow and total volume of runoff. Development alsastfee 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
amount of pollutants entering thgeams. Stormwater management facilities provide water

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

The Sediment and Stormwater Program of DNREC require erosion and sediment control permits
during the construction of any development projects that disturbs more than 5,000 square feet of
the area. In addition pesbnstruction stormwater quality and quantontrol is also required to

be implemented by the program. These programagkcablestatewide dér any new

development ore-development

Sussex County and DNREC emphasize using stormwater management facilities to treat runoff
from new developmenhithe county. Williams Pond Watershed currently has a number of
stormwater management facilities that treat runoff from existing developed land. However,
information on the distribution of the facilities and the areas theyw@satot available to be
included in the Williams Pond Watershed Management Plan.

In addition, the Williams Pond Watershed, which is a part of the Nanticoke River Watershed,
drains to the Chesapeake Bay and is included in the Chesapeake Bay PTbgr&tate of

Delaware has develed Watershed Implementation Plans, Phase | (DNREC, 2010) and Phase |l
(DNREC, 2012) to meet the Chesapeake Bay Total Maximum Daily Load Allocations (TMDL)
for nutrients and sediments. The WIP includes a description of the approach that will be adopted
by the State to achieve the TMDL goals. The approach described in the WIPs includes a
combination of structural, nestructural and regulatory restoration efforts that focus in the areas
of urban/suburban stormwater, lamse, wastewater, esite wastewater,gaiculture, and air.
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3.7 TAXDITCHES

fiTax ditches arepolitical subdivisios of the State of Delaware. They are designed to provide
watersheebased drainage for agriculturabmmercialand residential areas. TRNREC

Division of Soil and Water Conservati (SWC)administes the planning, desigrand
maintenance of these tax ditches. §kee of tax ditchesange from @o 80 feet wide and B 14
feet deepdepending o thedrainagearea. Th& operations are overseen by designated ditch
managers and a secretary/treaswéio are landowneris the tax ditch drainage eais and are
elected annuallyThe Williams Pond Watershed has approximately 30 miles of tax ditches that
serve residential, aguiltural and commercial areaBigure 3.6 showsthe networkof tax ditches
in the watershedetailed information on the existing conditions loé¢ tax ditclesin the
watershed and proposesktoration andnanagement strategiaseprovided inSection 100f this
report.
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Watershed Conditions

3.8 DRAINAGE COMPLAINDFS ABASE

Floodingand drainage issu@se majorconcerisin theWilliams Pond Watershedrapid
urbanization along with aging stormwater management facilities and undersized tdserts
caused an increageflooding in thewatershed. DNREC maintains a Drainage Complaint
Database that compiles complaints received regarding drainage iHsegs.complaints are
usuallymade by residentigdroperty ownersA total of 26drainage complaints werecordedn
the Wlliams Pond Watersheoetween 2007 and 201@f which,

1 12were categorized uedfiPrivate Drainage Concemn,

1 3underfiSediment and Stormwater Concern,

1 7 underfiTax Ditch Concerm,

1 2 underfLegislative Requestso

1 2complaints were miscellaneous relating to other categories.

According to theDrainageComplaintDatabase provided by DNREC, 20 of thec@dnplaints
appear to be resolved. A table with the list of these complaints is provided in Appendix B of this
report.

Figure3.7 showsthe distribution of drainage complaints throughout the watershed.
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Hydrologic Analysis

Section Hydrologic Analys

URS conducted hydrologicanalysisof theWilliams PondwWatershed as a part of the watershed
managementplano better wunderstand t he \vaadtadinthdhedds h
development of &whatif 0 scenario moddbr providing recommendations for the restoration of

the watershed.

The hydrologt model was developed using GIS mapping tools and theAh® Corps of

Engineers (USACE) idrologic EngineeringCeatr 6 s Hy dr ol ogi (HEQMod el i ng
HMS) Version 3.3(USACE, 2008) ArcGIS 9.2 (ESRI, 2006), ArcHydro (CRWR, 200&hd
HEC-GeoHMS (USACE, 2003) models. Thgdrologic modeivas developed using data

obtained from previous studies as well as data gathered from field reconnaissance ofeDelawar
dams current GIS datasetandNOAA Atlas 14 preqgpitation data (NOAA, 2009).

The hydrologic analysisivolveddevelopng the model for two scenarins

1 Existing conditions: the existing conditioend usanformation wasbtained
from the State ofDelawareDataMIL (State ofDelaware 20(B).

1 Future conditions: the future conditiolasd usénformation wageveloped by
merging the existing landse data with the futureringdataas identified in the
Sussex County Comprehensive Plan of 2008.

The Soil Survey Geographic (SSURGO) database availaltig@at/SoilDataMart.nrcs.usda.gov/
was used to obtain the GIS coverage of soils for the wateSata fordams atVilliams Pond
and Hearns Pond were obtained from a previous evaluation study performed by McCormick
Taylor (2009)andwereincluded in the radel

Seventysmaller basinsvere delineated usingt@eter DEM dataThe model was run fahe 24-

hour, and1-, 2-, 5, 10, 25, 50, 100, and 508year recurrence interval rainfall events to

estimate the flood magnitudes for the respective events. iticada 2inch eventwhich is

defined as the fAwat ewasaso sirhulatedyin tleenhanologic mbddgl. DNRE C

Typically, gage data are used to conduct calibragioalysisihowever, insufficient gage data
were available to conduct calibration for Williams Pond Waterdhedthe one existing gage
the watershedt Herring RunUSGS Gage 01487195hsufficient peak flow data exists on
record for the various return intersall herefore, the obtained discharges were compartbe
regression discharges for calibration purposes. Theygé@fpeak discharge results from the
most recent regression equation developed by Ries(&lSES, 2006ayvere compared to the
model resuk to calibrate the developed hydrology model. In addiaoh, D N Rdfuest, she
results of the hydrology model were also compared wila®areGIS Hydro (Moglen, 2007)
discharge results.

The results obtained from the hydrologic analysis were compatée effective discharges in

the Federal Emergendyfanagement Agenéyé F E M AFtoad )insurance StudyIS) for
SussexCounty,Delaware(FEMA, 2005) to the values calculated by McCormick Taylor in their
dam analysis study (200¥nd alsdo discharges lotained from the StreamStats website (USGS,
2009) Detailed descriptiosiof the model development along with the resaftd conclusionare
included inAppendixC (Hydrologic Analysig of this report.
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Hydrologic Analysis

The hydrologic analysifr the Williams Pond Watershedasapproved by DNREG@ January,
201Q andmore detail on this analysis is includeddppendix C The flows from the hydrologic

model were used to analyze the conveyance capacity of the road croSsictysn(, andin the
devel opwatifsc eonfamddets Gection 9.
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Hydraulic Analyses of Road Crossings

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 for example high-capacity arterial or local
residential water conveyancstructures are usually designfed storms withrecurrence pericd
of 50, 25, or 10 yearsplus 1 foot of freeboard Table5.1 summarizeshe Delaware classification
of roads and thassociatedecurrence periodesignstorm

Table 5.1: Classification of Roads andDesign Storm Event

Collector 50-Year
Arterial 50-Year
Local 25 Year
Rural Collector 25-Year

Road aertopping, significant damage toadsandtraffic interruption occuduring 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 chamerelbycausing erosion and
sedimentatiopwhich affects water qualityandaquaticlife.

URS performedhydraulic analysief the stream crossings in the watershed to identify their
conveyance capa@sand deficienciesTwenty-eightstructuresvith an openindargerthan 36
incheswere analyzedProcedures adopted in performing the analysisleseribedn the
following sections.

5.1 FIELD EVALUATIONRBAD CROSSINGS

The first part in the hydraulic analysis of the structessisted of fiela&evaluation of the
crossingsPrior toconducting the field evaluatiob)RS obtained available crossimgormation
from the DelDOT bridge maintenance grolulRSthenconducted field visits to road and
railroad crossings that have opersing 36inches olargerto collect the following data:

1 Structureopeningdata (e.qg., type, culvesize, culvert material, headwall
material/configuration, culvert skew)

1 Distance from the top of the opening to the minimum overtopping elevation
Configuration of downstream channel (to compute outlet control aligek)

1 Distance from the downstream invert to thetbow elevation below the culve(to
determine whether a blockage to fish passage extbisr downstream conditions such as
bank erosion, ovewidening, and bed degradatiaerenoted

Digital photographs
GPS location of pstream and downstreagnds ofculvers

Potential for conveyance improvements
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Hydraulic Analyses of Road Crossings

1 Other pertinent data necessary for hydraulic computations

For the purposes of this planning level study, the information was obtained using a teoean
and field observation rather than a detailed field sulivieyd assessment sheets were developed
to ensire consistent data collectioand arencluded in Appendipd, and Appendix D includes
hydraulic computations performéar the existing conditins, future conditiongand poposed
improvements foall the undersizedrossing.

5.2 EVALUATION OF THEDRAULIC CAPACITY

After obtaining the measurements of the structures in the fieddcapaciesof thestructure
wereevaluated. Thélydraulic Design 6Highway Culver{USDOT, May 200%approaclwas
adopted and Microsoft Excel was usedonductthe analysisCulvert capacities foall the
structures were computed for inlet control and outlet control scen@hesiaximum capacity
of the culvertunderinlet control conditions wasalculated fronthe field observations using
equationb.1:

Where,

Q = Discharge, cubic feet per second (cfs)

A = Full crosssectional area afulvert barrel, square feett

D = Interior height of culvert barrgleet t)

HW,; = Headwater depth above inlet control section invert, ft

S = Culvert barrel slopdget per foot ft/ft)

Ky, Y ,C =Constants for inlet control design equati¢oistained from Table 9 of the
Hydraulic Design of Highway Culverteanua] USDOT, May 200%

The maximum flowQ, obtained from equatiof.1 was then used to determine the critigbth
(de) of the culverusing the nomograph$he obtained critical deptiwasin turn used to
determine the capacity of the culvert with outlet cortaiditionusingequations.2:

Where,

Q = Dischargecfs

A = Full crosssectional area of culvert barref ft

H = Headloss computed from outlet control equation, ft

L = Length of the culvert barrel, ft

n=Pipe (culvertManni ngdés coef ficient

g = Acceleration due to gravit2.2ft per second per second

R = Wetted perimeter, ft

Ke = Entrance loss coefficients (obtained from Table 12 oftydraulic Design oHighway
Culvertsmanua) USDOT, May 200p

A worstcase assumption for tailwater equal to bankfull conditionwgasl. Thalischarges for
both inles and outles werecomparegand the lowest discharge was sele¢tedetermine the
flow regime of the structure.
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Hydraulic Analyses of Road Crossings

Culvert capacity was estimated taro scenarios

1. With O foot of freeboardo the top of road
2. With 1 foot offreeboardo the top of road

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 raetermine té
area draining to each crossing. The flowsathcrossing were obtained using drainage area
ratio estimates (equaticn3):

@l A Y e T — (5.3)
Where,
Q.= Estimated flow at the crossingfs
A= Drainage area of the crossiagres
Q =Subbasin flow from hydrology model, cfs
A = Drainage area of subbasinjes
b = Exponent of drainage area

Based on the repoMagnitude and Frequency of Floods on Nontidal Streams iavizek
(USGS,2006), it can be inferred that a value of 0.6 is ukedhe exponent of drainage area,

A b i the Piedmontand a value of 0.7 is usedtime coastal jain in theState of Delaware.
Since theWilliams PondWatershed is located entiraly the coastallpin, a value of 0.7 was
used as the exponeior thedrainage aredor crossings located higher in the subbasins, flows
were estimatedsing the upstream subbasin.

URS considered the DelDOT road classification to determine the design Biwas
categoized ad_ocal and Rural Collector roads were assigtieel25-year design storpand
CollectorsandArterials were assignetie 50-year design storm. Roads that were not in the
DelDOT system were classified becalroads and assumed to have ag&ar design stornThe
resultsof the analysesra categorized as follows:

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

The conveyace capacity of the crossings vaslyzed for existing and predicted future
condition flows Figure5.1 andFigure5.2 summarizeheresults oftheanalyss. Table5.2
throughTable5.4 showthe summary of the hydraulic analysis and capacity of thetstas
expressed in terms of percent design flow conveyed through the strii¢ttenesults are also
summarized by subwatershedSaction 8

Table 5.2: Summary of Culvert Analysis

Green Yellow Red
Existing 50% 29% 21%
Future 50% 14% 36%
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Hydraulic Analyses of Road Crossings

Table 5.3: Culvert Capacity for Existing Conditions

Crossing _ Design Ca_pacity Ca_pacity -
D Location Subwatershed Storm | with 1’ with 0' | Classification
(Year) | freeboard |freeboard
URS15 Park Avenue Atlanta Devonshire[ 25 78% 100%
URS17 Ross Station Road | Atlanta Devonshire| 50 96% 100%
236 Elks Road ClearBrook U/S 25 100% 100%
URS2 Elks Road Clear Brook U/S | 25 37% 46%
URS23 Conrail Road Clear Brook U/S 25 96% 100%
URS24 Conra"tg‘(’:‘f‘(‘g)(ra"ma‘ Clear Brook U/S | 25 | 100% | 100%
URS25 Conrail Road Clear Brook U/S 25 87% 100%
URS10 Baker Road FreidelProng 25 100% 100%
URSS8 Bucks Branch Road FreidelProng 25 80% 100%
URS9 Baker Road FreidelProng 25 88% 100%
230 Cannon Road Gilbert Trivitts Ditch| 50 100% 100%
URS11 Atlanta Road Herring Run 50 56% 72%
URS12 Briarbrook Road Herring Run 25 100% 100%
URS20 Conrail Road Herring Run 25 66% 90%
URs21 | Conrail Road (railroad 0 i min 25 | 100% | 100%
tracks)
URS3 Herring Run Road Herring Run 25 100% 100%
URS4 Herring Run Road Herring Run 25 100% 100%
URS5 Station Lane Herring Run 25 100% 100%
URS6 Ross Station Road Herring Run 25 90% 100%
URS7 Owls Nest Road Herring Run 25 0% 0% [
224 Conrail Road Lower Bucks Brancl 25 100% 100%
225 Wesley Church Road Upper Bucks Branclf 25 100% 100%
228 Bucks Branch Road| Upper Bucks Brancll 25 100% 100%
229 Baker Road Upper Bucks Brancl 25 100% 100%
URS13 | Federalsburg Road| Upper Bucks Branclf 50 67% 87%
URS14 Atlanta Road Upper Bucks Brancll 50 61% 82%
URS1 Old Furnace Road | William H. Newton | 50 100% 100%
URS16 Eskridge Road William H. Newton | 25 87% 100%
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Hydraulic Analyses of Road Crossings

Table 5.4: Culvert Capacity for Future Conditions

q : Design Storm Ca_pacity Ca_pacity e
Crossing ID Location Subwatershed (Year) with 1' | with 0' | Classification
freeboard|freeboard
URS15 Park Avenue Atlanta Devonshire 25 81% 100%
URS17 |Ross Station Rog Atlanta Devonshire 50 100% | 100%
236 Elks Road Clear Brook U/S 25 100% | 100%
URS2 Elks Road Clear Brook U/S 25 30% 36%
URS23 Conrail Road Clear Brook U/S 25 88% 100%
URS24 (r(;ﬁ’gr:(']: th;’ffs) Clear Brook U/S 25 100% | 100%
URS25 Conrail Road ClearBrook U/S 25 72% 91%
URS10 Baker Road FreidelProng 25 100% | 100% | |
Ursg | BUeSBranch | preigelprong 25 72% | 95%
URS9 Baker Road FreidelProng 25 78% 96%
230 Cannon Road | Gilbert Trivitts Ditch 50 100% | 100%
URS11 Atlanta Road Herring Run 50 47% 61%
URS12 | Briarbrook Road Herring Run 25 100% | 100%
URS20 Conrail Road Herring Run 25 52% 71%
URs21 | ,Conrail Road Herring Run 25 100% | 100%
(railroad tracks)
URS3 [Herring Run Roay Herring Run 25 100% | 100%
URS4 | Herring Run Roay Herring Run 25 100% | 100%
URS5 Station Lane Herring Run 25 100% | 100%
URS6 | Ross Station Rog Herring Run 25 71% 88%
URS7 Owls Nest Road Herring Run 25 0% 71% |
224 Conrail Road | Lower Bucks Branch 25 100% | 100%
205 | WeSI&Y ChUIN | ypper Bucks Branch| 25 100% | 100%
228 Buc'éfozéamh Upper Bucks Branch| 25 100% | 100%
229 Baker Road Upper Bucks Branch 25 100% | 100%
URS13 |Federalsbhurg Rod Upper Bucks Branch 50 62% 80%
URS14 Atlanta Road | Upper Bucks Branch 50 57% 76%
URS1 |Old Furnace Roal William H. Newton 50 90% 100%
URS16 Eskridge Road | William H. Newton 25 62% 100%
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Hydraulic Analyses of Road Crossings

Figure 5.1: Results of Hydraulic Analyses of Road Crossingand Obstructions for Existing Conditions
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