CLARK +]

Architecture &

NEXSEN [0 %, | ‘).-,

Engineering




James River Watershed
Stormvater Master Plan
City of Suffolk, Virglnia

TABLE OF CONTENTS

EXBECUTIVE SUMMARY ..ot sees st caisss st e st eees et aemt e ses e et st sees st ES-1
1.0 INTRODUCTION. ..c.ovitirinnciecnticei e ssasssssesss s essse sssses s st st emeseesasseesaessessssesseesenssesons I-1
11 City of SUFFOl OVEIVIEW ...t et enes s st e e s reeemee e sa e s sessetenssns s s i-1
1.2 PrOJEet OBJEOHVES. ...oviiii i cnns et s b b s st s et sieeae e s e s r s ean et anearen 1-3
1.3 REPOTt OFZARIZAON ...ocoovvivirinscrrecererese e ons e irees e cess st ress e b son ot s s st st eemsamreseetoeressran 1-5
2.0 STORMWATER MODELING APPROACH. ........oooniicetesreseireceesreeeereeecstassssssesssssssessesesas 2-1
2.1 Hydrologic/Hydrautic Modeling AnalYSis........oc.ccueinioiieeeeess e esenseseseesseseeesesesessoessestosonn 21
2.2 SOMIWATE. ...ooie ettt sreecees s sesenss e s st e s s e ss s b et e s b ee et eeron e st s et an e e s 2-1
2.3 Watershed Boundary DeliBeatiOn. ........ccoooou v sissarsss it sese sy resessss ssessesssassessssass 2-2
2.4 Node Naming COmvention .............cweoterirorieesinssssssonssesssssesssssssassossmsesensssesssssessesseesasses 2-4
2.5 Rainfall-RunofT MOGEHRE ......vovvceeerrees i resrs vevssss s sanessseeeens s eae e essens st asssnes 2-5
26 SOS IHOPMAtON.. ...t b essess s en st s serene s b ors e s s s s e s et es oo 2-6
2.7 Tidal Boundary COnditions ...........cvimuemeieiesiessnscoaisimsoseoseonesess e eessessssnsssssesseeseesossossssoss 2.8
2.8 Description of Model ACCUIBCY ..o stsesseeses i sesss ressssssses s smssssesoesoeenesssssssses 2-8
3.0 EXISTING CONDITION MODEL RESULTS ..ot sceseienesstiese s e essssssssssssessasssssnmessons 3-1
31 Evaluation of Existing Condition Channel REaCHES ................cooovereveerescereeseesnseescosriesssersees 3-1
311 RECOMMENABHONS .....c..oceiricrcrrninnrecrescermseer e ar e ses s ree e e st enest e eeeeeeesresstessessessnesse s 3-4

3.2 Evaluation of Existing Condition Roadway CUIVEITS ...........e.oeeoneseieirsensrereesreressessssmscsssmons 3-5
320 ROCOMMENABIONS . ...ooeo oo eesesesseseseesrsersnssesresessers s e 3-6

33 Evaluation of Existing Condition Bridges and Spillways...........cc..onvvervvreerereesesors i sereeneessonss 3-10
331 ReCOMMENAATONE .........ciuirrreeereeeecesiscrss s e sssnsveie st essscossessesesseesas s s et e see e 3-11

4.0 PROPOSED CONDITION (2018) MODEL RESULTS ....covtiiiimenees e eeeeesesessssiesermes s 4-1
4.1 Evaluation of Proposed Condition Channel Reaches .....o........ovevereeoecrseeenessvresresseesss sessssons 4-1
4.1.1 RECOMMENUAONG 1..ov.eorncreer it s s s ss st et rn e ess s ee s ems et morse s 4.3

4.2 Evaluation of Proposed Condition Roadway CUIVETTS .ovevvevveereeevessvmeeesessesssssssreot oo 4-3
4.2.1 ReCOMMENURLIONS .......cviirie s s bbb st e b onens e eeesensestsesen 4.5

4.3 Evaluation of Proposed Condition Bridges and SpillWays ..........coccoovevevcommeeeeroroseee s 4-7
4.3.1 RECOMMENAALIONS ..v..uivucviesrneirineerisesresesssossesrassasemssssseesscesaesseessessraresnsnsessssassessassesesssensien 4-8

50 CONCLUSIONS AND RECOMMENDATIONS ..ottt sessee e essse e sesorsesseseosee 5-1

Final Report Tabls of Contents 1/ A



James River Watershed
Stormwater Master Plan
City of Suffolk, Virginia

EXECUTIVE SUMMARY

To assist the City of Suffolk in making stormwater decisions to accommodate future
development, Clark Nexsen will perform a study of the three watersheds in Suffolk.
These watersheds include the James River Basin, the Chowan River/Blackwater River
Basin and the Great Dismal Swamp Basin. The watershed studies will be performed in
two phase. The James River Watershed with an approximate drainage area of 96 square
miles will be studied under Phase I. The Chowan River/Blackwater River and the Great
Dismal Swamp Watersheds with an approximate combined drainage area of 220 square
miles, will be studied under Phase II. The purpose of these studies is to develop a
stormwater master planning model to assess existing conditions and the impacts future
development will have on these stormwater systems based on the projected 2018 land use

condition described in Suffolk’s Comprehensive Plan.

The studies require the hydrologic and hydraulic analysis of the existing major drainage
systems within the regional watersheds. To facilitate the analysis of a complex
stormwater network, Expert System’s XP-SWMM 2000 (version 9.50) software was used
to construct the model. XP-SWMM is a proprietary software based on the USEPA
Stormwater and Wastewaster Management Model (SWMM) computer program. The
model developed represents the primary stormwater conveyances within the watershed to
describe and integrate the relationship of the various land uses and hydraulic controls
throughout the watershed. The resulting model will be used to create the stormwater
master plan from which the existing conditions and proposed future impacts will be
evaluated to assist the City of Suffolk in day-to-day development decisions related to
stormwater management concerns. The resulting model was developed using the City’s
comprehensive GIS mapping and field data to define existing conditions and the 2018

Comprehensive Plan to consider future impacts.

The stormwater network was analyzed for the 2-yr, 10-yr, 25-yr and 100-yr 24-hour,

Type II rainfall events. The various storm events were evaluated for the following:
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e Identify areas prone to flooding for 10-year storm.

e Evaluate culverts for the 10- and 25-year storms.

e Evaluate bridges and spillways for the 100-year storm.

e Compare existing channel velocities with proposed development channel

velocities based on the 2018 Comprehensive Plan.

From the analysis, deficiencies in the stormwater network for the existing condition and
future land use condition were determined and recommendations with conceptual
construction cost estimates provided to mitigate the problems.

The model also identified that should receive detailed analysis to determine if flood
control improvements are warranted. Due to the lack of detailed survey data and the
master plan assumptions used, the model should not be used for design applications.
Additional data and survey, particularly for roadway culverts, is needed before this model
can be used for making specific design decisions and should only be used as a tool

preparing the groundwork for more detailed studies and design.

Due to the rural landscape and the planned level of development, designated RE (rural
estate with a 16% impervious ratio) and conservation areas for lands draining into the
Western Branch Reservoir, relatively few flooding areas were identified for remediation
at this stage of the analysis. Table No. ES-lbelow summarizes the recommended
improvements for the deficiencies discussed under Section 3.0 (Existing Condition
Model Results) and Section 4.0 (Proposed Condition (2018) Model Results) and
associated costs for the respective conditions. Most of the improvements recommended
were from inadequate culverts that had the potential to overtop the roadway for the
respective 24-hour, Type II rainfall event. The costs listed show the estimated value of
improvements based on the existing condition and the proposed condition (2018) land
uses. For those improvements where only one cost is listed, there were no additional
improvements required to address the proposed condition (2018) land uses. The costs

shown are based on 2005 dollars and would be greater in the future due to construction

cost escalation.
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Table No. ES-1 Summary of Erosion and Flood Control Recommendations
Location Recommendation Cost
Install two 38” x 24” HERCP culverts parallel to the existing 24” $96,974
Node RCP (existing condition land use) (existing)
CCSTORAGES, '
Cherry Grove A third 38” x 24” HERCP culvert is required for the 2018 land $131,572
Rd. use condition. (2018)
Node NNR362, Install a 24” RCP anc? 30 RCP para}le} to ths existing 24” RCP, $89,062
. The accumulated sediment in the existing 24 RCP should be
Godwin Blvd. . . .
cleaned out as an immediate remedial measure.
Node NNR377, | Install two 24” RCP parallel to the existing 24” RCP and provide $54,040
Kings Hwy. rip rap conduit outlet protection.
Node NNR379, | Install a 30” RCP parallel to the existing the 30” HDPE culvert. $42,708
Kings Hwy.
Install two 38” x 24” HERCP culverts parallel to the existing 24” $73,574
RCP (existing condition landuse). Provide rip rap conduit outlet (existing)
Node NNR343, protection.
Five Mile Rd. $102,003
A third 38” x 24” HERCP culvert is required for the 2018 land
e (2018)
use condition.
Node NNR 331, | Replace the existing 36” CMP with two 36” RCP culverts. $52,006
Lake Prince Dr.
Node NNR361, | Provide erosion control and slope stabilization at the culvert. $31,139
Godwin Blvd.
Node NCC77, Conduct a detailed study of the bridge to determine the if the -
Bridge 1802, scour has any impact on the structural integrity of the bridge and
Godwin Blvd. to develop the appropriate remedial measures

Large scale maps of the major watersheds (GIS-01), XP-SWMM model (GIS-02),
flooding deficiencies (GIS-03), and recommended improvements (GIS-04) are located

after the appendices.

In addition to the recommendations provided in Table No. ES-1, the following

recommendations for supplemental analysis and study are provided:
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e Detailed scour analysis for Bridge #1802. Due to complex hydraulics associated
with bridges and scour analyses, the stormwater master plan model is not

adequate for making appropriate recommendations.

e Detailed channel stability analysis. Because the stormwater master plan model
does not focus on variations in channel geometry, roughness, and unique site
conditions throughout the channel reach, specific improvement priorities cannot
be immediately obtained from the model. At a minimum, outfall channels

associated with deficient pipes should be studied in detail.

e Impacts of regional best management practices (BMPs). Due to the limited
number of deficient pipes and the limitations associated with making decisions on
channel stability, the use of regional BMPs was not addressed in detail. A
detailed evaluation in concert with the channel stability analysis should be
performed for the outfalls associated with the deficient pipes identified in the

study recommendations.
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1.0 INTRODUCTION

1.1 CITY OF SUFFOLK OVERVIEW

The City of Suffolk is located in southeastern Virginia and is bordered by the
unincorporated areas of Isle of Wight County and Southampton County to the west, the
State of North Carolina to the south, the cities of Chesapeake and Portsmouth to the east,
and the Lower James and Nansemond Rivers — Hampton Roads to the north. The city
has a land area of approximately 430 square miles, which includes a portion of the Great
Dismal Swamp. The annual precipitation in Suffolk is approximately 50 inches per year.
There are variations in the monthly rainfall averages; however, rainfall is generally
distributed throughout the year. Snowfall is infrequent and typically melts in a short

period of time.

Elevations in the city range from sea level to
approximately 85 feet. The greater relief promotes
natural drainage for most areas of the city. The
topography also supports the creation of six drinking
water reservoirs, which include: Lake Cohoon, Lake

Meade, Lake Kilby, Speights Run, Lake Prince, and

Western Branch Reservoir.

The City of Suffolk is currently undergoing a period of growth and development. To
manage the City’s future growth the 2018 Comprehensive Plan was adopted by the City
in March 1998. The 2018 Comprehensive Plan established long term (20-yr)

development strategies, goals, and policies. A map of the proposed landuse for the 2018

Comprehensive Plan is provided in Figure 1-1.
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The objectives of the 2018 Comprehensive Plan include, but are not limited to, the

following:

e To define and delineate two areas of compact, high-quality urban and suburban
development: one around the central city and one in the northeast.

e To allow and promote some low-density, high-quality, large-lot residential
development between these two compact areas and in the northwest.

e To preserve the southern half of Suffolk as a rural, agricultural area.

e To make special efforts to protect the watersheds which provide drinking water

for Suffolk, Portsmouth, Norfolk, Chesapeake, and Virginia Beach.

To comply with national, state, and local environmental regulations governing water
quality, the proposed development in the 2018 Comprehensive Plan must be implemented

in accordance with a variety of existing environmental regulations related to the

management of stormwater runoff.

1.2 PROJECT OBJECTIVES

Clark Nexsen will perform a study of the three regional watersheds in Suffolk. The
watersheds to be studied include the James River Basin, Chowan/Blackwater River Basin
and the Great Dismal Swamp Basin. The current study area, the James River Basin,
excludes the areas previously studied in the document entitled Stormwater Master Plan
City of Suffolk, Virginia, Final Report May, 2004, for the U.S. Army Corps of Engineers.
The James River Watershed, with an approximate drainage area of 96 sq. mi., will be
studied under Phase I. The Chowan/Blackwater River and the Great Dismal Swamp
Watersheds with an approximate combined drainage area of 220 sq. mi., will be studied
under Phase II. The watershed study will involve the hydrologic and hydraulic analysis
of the existing major drainage systems. A map of the major watersheds within the city is

presented in Figures 1-2 and GIS-01.
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The Phase I Study Area consists of the northwestern and central portions of Suffolk and
extends into Isle of Wight. The primary outfalls for this watershed are Chuckatuck Creek
and the Nansemond River. The Phase 1 Study Area within Suffolk is generally areas
west of the Nansemond River and is bounded by Route 460, Kings Fork Road and

Hillpoint Boulevard to the south, Nansemond Parkway to the east, and Moores Point

Road and Upton Lane.

The hydraulic grade line within the major conveyances were computed for the existing
and future land uses based on current GIS mapping, field observation and the 2018

Comprehensive Land Use Plan to determine the following:

e Identify areas prone to flooding for 10-year storm.

¢ Evaluate culverts for the 10- and 25-year storms.

¢ Evaluate bridges and spillways for the 100-year storm.

e Compare existing channel velocities with proposed development channel

velocities based on the 2018 Comprehensive Plan.

Once the flood prone areas were determined, stormwater strategies and associated cost

estimates were developed to address the deficiencies.

1.3 REPORT ORGANIZATION

The report is organized as follows:

e Section 1 “Introduction,” provides a brief overview of the project objectives and
of the report contents.

e Section 2 “Stormwater Modeling Approach” describes methods and assumptions
used to develop the XP-SWMM model analysis of the primary drainage system.

e Section 3 “Existing Conditions” summarizes the results of the existing condition

XP-SWMM model and the field reconnaissance. Evaluations of areas indicated by
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the model to be prone to repetitive flooding are provided along with
recommendations and cost estimates for potential flood control improvements.

e Section 4 “Proposed Conditions” summarizes the results of the proposed
condition XP-SWMM model based on the 2018 Comprehensive Plan land use.
Evaluations of areas indicated by the model to be prone to repetitive flooding are
provided along with recommendations and cost estimates for potential flood
control improvements.

e Section 5 “Conclusions and Recommendations” summarizes the report

conclusions, recommendations and cost estimates.
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2.0 STORMWATER MODELING APPROACH
2.1 HYDROLOGIC/HYDRAULIC MODELING ANALYSIS

A computer model using XP-SWMM was developed to represent the primary stormwater
conveyances within the project study area. The model will assist in accomplishing the

following objectives:

e Identify areas prone to flooding for 10-year storm.

e Evaluate culverts for the 10- and 25-year storms.

e Evaluate bridges for the 100-year storm.

e Compare existing channel velocities with proposed development channel
velocities based on the 2018 Comprehensive Plan.

e Evaluate the impact of proposed development and future projected development.

e Evaluate other stormwater-related issues as determined by the City.

2.2 SOFTWARE

The computer model utilized as the primary tool for modeling the existing and future
(2018) land use condition watershed was XPSWMM-2000 version 9.50. The XP-SWMM
model was used for both the hydrologic and hydraulic analyses. XP-SWMM generates
runoff hydrographs at specific locations within the system based on specified storm
events. The model simulates surface runoff within each sub-area and the subsequent
routing through the various drainage system components including pipes, channels and
reservoirs. Runoff and routing are simulated based on specific input parameters for each
component process. Technical information on model formulation and capabilities is

available on-line at www.xpsoftware.com.

XP-SWMM is a “link-node” model that mathematically represents a drainage system as a
series of links and nodes. A “link” represents a hydraulic element for flow transport, such
as a pipe, channel, weir, orifice or flow control device. A “node” represents the junction

of hydraulic elements (links), as well as a location for input of flow into the drainage
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system. A node can also represent a storage device such as a lake or pond, or a point

junction where link properties change (such as a change in channel slope).

2.3 WATERSHED BOUNDARY DELINEATION

The James River Watershed Phase I Study Area encompasses approximately 96 square
miles consisting of the north western portion of Suffolk and extending into Isle of Wight.
This area includes Chuckatuck Creek as
well as areas draining into the Nansemond
River. Agriculture is the predominant land
use within the watershed, including the
portions within Isle of Wight. Other land
use activities include residential homes and
developments, light commercial and

industrial properties, and conservation areas

in the vicinity the reservoirs. The drainage

(or sub-catchment) area boundaries within the city for the study area were delineated for

primary channels and main receptors as shown in Figures 2-1 and GIS-02.

To construct the model and the associated GIS (ARCInfo 8.1) coverages, various
information including current USGS quadrangle maps and City of Suffolk GIS mapping
were obtained. Topographic contour data for approximately one-half of the study area
located in Isle of Wight was unavailable in electronic format. To provide a means of

delineating these areas, Clark Nexsen used digital USGS Quad Maps.

Using the topographic map data, the likely locations (road and rail crossings) of drainage
structures (pipe culverts, box culverts, and bridges) serving the primary stormwater
conveyances in the delineated watershed boundaries were identified. Clark Nexsen
performed field reconnaissance to evaluate and inventory drainage structures to be
modeled. Additionally, structure data including material type, shape and dimensions, and
photographs were obtained to document existing structures and channel conditions.

Several ponding locations (mostly private “farm ponds™) were identified on the

Final Report Section 2 2-2
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topographic mapping. Many of these ponds are located on private property or were
inaccessible and were not included in the field reconnaissance. Where pond outlet
structure data was unavailable, a 4’ x 4’ box riser was assumed with a crest elevation set

at the existing water surface elevation as depicted in the GIS mapping.

As-built survey data (structure inverts and associated roadway elevations) from the
Virginia Department of Transportation (VDOT) was generally unavailable for the
drainage structures identified for the model. Assumptions were made to describe pipe
inverts based on field data and GIS mapping. Surveyed channel cross-sections were
unavailable. To develop channel sections for the model, Autodesk Civil Design software
was used to cut-sections from the existing GIS contour surface. Bridges and railroad
trellises were considered as minor obstructions throughout the majority of the modeled
area and were therefore removed from further consideration. Tidally influenced stream
sections were evaluated using a two year tidal elevation of 3.83 feet (NAVD-88) for
storms up to a 25-yr design frequency (2-yr, 10-yr, and 25-ty) and a ten year tidal
elevation of 5.00 feet (NAVD-88) for storms above a 25-yr design frequency (50yr and

100-yr).

Due to the lack of detailed survey data for hydraulic structures, roadway elevations, and
channel cross sections, hydraulic modeling was only performed to the level of usefulness

possible based on available information.

2.4 NODE NAMING CONVENTION

The naming convention used in the model is consistent with the naming convention
outlined in the Stormwater Master Plan City of Suffolk, Virginia, Final Report May,
2004. The Phase 1 Study Area model consists of two primary subwatersheds,
Chuckatuck Creek (CC) and the Nansemond River (NR). The naming convention used
for identifying catchments was based on link nodes and storage nodes in the hydraulic
model. Sub-catchments that discharge to link nodes are designated with the prefix “N «
followed by the sub-catchment identifier and the link node number (e.g. NCC77 = inflow
from subcatchments to catchment “77” discharging to the Chuckatuck Creek
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subwatershed). Sub-catchments that discharge to storage nodes were identified by the

primary storage receptor name (e.g. LAKEPRINCE).

2.5 RAINFALL-RUNOFF MODELING

The RUNOFF module of XP-SWMM was used to generate the runoff from each
subcatchment. A 30-minute time step was used for the runoff computations. The 30-
minute time step was selected since the rainfall distribution is given in 30-minute
segments. Runoff is computed from sub-catchments by describing the drainage areas as

idealized rectangular areas with the slope of the subcatchment perpendicular to the width.

If overland flow is visualized as running down-slope off an idealized rectangular
catchment, then the width of the subcatchment is the physical width of overland flow.
Since real subcatchments will not be rectangular with properties of symmetry and
uniformity other procedures are required. The width parameters for catchments with

drainage channels off-centre, was determined by computing a skew factor:

Sk = (A2-Al/A
w = 2-Sk*L
where
Sk = skew factor
Al = area to one side of the channel

A2 = area to other side of the channel
A = total area

W = subcatchment width

L length of main drainage channel

The width parameter dictates the runoff response time of a sub-catchment and has a
significant impact on the size and shape of the hydrograph. A narrower width produces a

longer response time, and a wider width produces a shorter runoff response time.

To determine the slope parameter within each sub-area, three measurements were taken
at representative locations within each cathcment. These measurements were averaged to

determine the overall slope for the sub-catchment.
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Impervious surface area estimates for existing land use conditions were developed based
on field observation and GIS mapping. Each identified land use category was assigned
an impervious surface percentage based on information provided in Suffolk’s Unified
Development Ordinance (UDO). The normal water surface areas of permanent water
bodies, such as Western Branch Reservoir, were modeled as impervious surfaces. From
this information, area-weighted averages of impervious surface area were determined for

each subcatchment and were used as the approximate baseline percent imperviousness.

For the projected (2018) land use conditions, proposed zoning mapping for the 2018
Comprehensive Plan was obtained from the Suffolk Department of Planning. The
proposed sub-catchment zoning coverages were assigned impervious surface ratios based
on the Suffolk UDO to create area-weighted estimates of projected impervious surface
area. The majority of the Phase 1 Study Area is located in the RE (Residential Estate)
Zone. In order to model the projected 2018 land use conditions a minimum 16%

impervious coverage, based on the Suffolk UDO, was used.

2.6 So1LS INFORMATION

The Soil Survey for the City of Suffolk, published by the United States Department of

Agriculture Soil Conservation Service in cooperation with Virginia Polytechnic Institute
and State University, provided soil parameters such as hydraulic conductivity,
permeability, and initial moisture deficit required for analysis using the Green-Ampt
infiltration methodology in XP-SWMM. Additionally, digital soil coverage depicting
soil types were obtained from the National Soil Survey Geographic (SSURGO) Database
located on-line at http://www.ftw.nrcs.usda.gov/ssur_data.html. The SSURGO data,

shown in Figure 2-2, was used to develop area-weighted soil parameters for the model.
Green-Ampt infiltration parameters were assigned to each soil type. Those soil types
were grouped into more generalized parameters to provide a master plan consideration of

soil impacts and reduce the time spent developing soil parameters for use in the

watershed model.
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[.3"20C" Uchee-Peawick complex, 6 - 10 % slopes"

[3"21" Udorthents, loamy

[3"21A" State fine sandy loam, 0 - 2 % slopes

[C3"21B" State fine sandy loam, 2 - 6 % slopes

[3"22A" Suffolk loamy sand, 0 - 2 % slopes

7J"22B" Suffolk loamy sand, 2 - 6 % slopes

[1"23" Yemassee fine sandy loam

[J"23A" Tetotum fine sandy loam, 0 - 2 % slopes

71"23B" Tetotum fine sandy loam, 2 - 6 % slopes

224" Tomotley loam

£3"25" Torhunta loam

326" Udorthents, loamy

327" Urban land

28" Wahee silt loam

£3"29" Weston fine sandy loam

733" Bohicket silty clay loam in suffolk, or Chickahominy silt loam
3"4" Deloss mucky loam in Suffolk, or Chipley sand elsewhere
[1"5A" Dogue fine sandy loamin Suffolk, or Emporia fine sandy loam, 0 - 2 % slopes
3"5B" Emporia fine sandy loam, 2 - 6 % slopes

[T)"5B2" Dogue fine sandy loam, 2 - 6 % slopes, eroded

176" Dragston fine sandy loam in Suffolk or Kenansville loamy sand elsewhere
737" Kinston loam

3"7A" Emporia fine sandy loam, 0 - 2 % slopes

[3"7B2" Emporia fine sandy loam, 2 - 6 % slopes, eroded
18" Leon-Chipley sands

[3"8A" Eunola loamy fine sand, 0 - 2 % slopes

[3"8B" Eunola loamy fine sand, 2 - 6 % slopes

[3"9" Myatt fine sandy loam

[3"9A" Goldsboro fine sandy loam, 0 - 2 % slopes

3"9B2" Goldsboro fine sandy loam, 2 - 5 % slopes, eroded
[J"DM" Dam

£73"M-W" Industrial waste pond

C"wW" Water
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James River Watershed
Stormwater Master Plan
City of Suffolk, Virginia

2.7 TIDAL BOUNDARY CONDITIONS

Tidal boundary conditions were developed to model the tidal influence on stream sections
within the coastal floodplain. The 2-yr tidal boundary was used for storms up to a 25-yr
design frequency (2-yr, 10-yr, and 25-yr) and a 10-yr tidal boundary was used for storms
above a 25-yr design frequency (100-yr). The selection of these tailwaters is based on
joint probability as described in the VDOT Drainage Manual. The 2-yr tidal elevation of
3.83 feet (NAVD-88) was used to remain consistent with the Stormwater Master Plan
City of Suffolk, Virginia, Final Report May, 2004. The 10-yr tidal boundary elevation of
5.00 feet (NAVD-88) was derived form the Federal Emergency Management Agency
(FEMA) Flood Insurance Study (FIS) for the City of Suffolk dated September 4, 2002.

2.8 DESCRIPTION OF MODEL ACCURACY

Due to the lack of detailed survey data and the master plan assumptions used, the model
should not be used for design applications. Additional data and survey needs exist before
this model can be used for purposes other than approximate analysis and stormwater

generalizations. These additional requirements include:

e Detailed survey of hydraulic structure inverts, channel cross sections, elevations
of undersides of bridge decking, crown elevations of bridge decking, and adjacent

roadway elevations.

e Identification and inventory of existing small impoundments (ponds and
stormwater management facilities), volumetric measurements of each
impoundment, and control structure information such as pipe sizes, inverts of

pipes, and invert or crest information of any other control structure at each

impoundment.
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3.0 EXISTING CONDITION MODEL RESULTS

The existing condition model was analyzed to identify flood prone areas throughout the
watershed. The different channel reaches and structures (reservoir spillways, culvert

crossings and bridges) were analyzed based on the following criteria:

e Existing channel velocities for the 2-yr design storm.
e Roadway culverts for the 10-yr design storm (secondary roadways) and the 25-yr
design storm (primary roadways).

e Bridges and spillways for the 100-year storm.

Improvements and associated costs for the identified flooding and erosion problem areas
are recommended based on the model results. Detailed cost estimates for each
recommendation are located in Appendix A. Detailed XPSWMM model output for the
existing condition is located in Appendix B. Mapping of the flood prone areas and
proposed improvements, GIS-03 and GIS-04 respectively, are located in the back of the

report.

31 EVALUATION OF EXISTING CONDITION CHANNEL REACHES

Clark Nexsen performed a field investigation to identify and document the relevant
drainage features with in the Phase 1 Study Area. The field study included documenting
evidence of erosion at the structures and within the stream channels. Several of the
culvert crossing exhibited signs of erosion at the downstream outfall and along the
drainage swales which collect runoff from the roadways and direct it to the culverts. The

following table summarizes the areas of erosion documented in the field.
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Table No. 3-1 Field Observations

Node Name Location Field Observations
NCC77 Bridge # 1802, Godwin Blvd., Evidence of scour (approximately 5-ft
Chuckatuck Creek deep) beneath the bridge.
NNR377 Culvert crossings at Kings Hwy, near Scour evident at the down stream end of
Spring Meadow Ln. the culvert.
NNR361 Box culvert crossing at Godwin Blvd. Erosion above the culvert at both the
upstream and downstream face.
NNR362 24” RCP crossing Godwin Blvd. Approximately 6 inches of sediment in
pipe.
NNR352 Twin 60” CMP crossing Wilroy Rd. Approximately 18 inches of sediment in
pipe.
NNR343 24” RCP crossing Five Mile Rd. Scour and erosion at the down stream end

of the culvert.

Analysis of the channel velocities from the model does not indicate a severe erosion
condition exists within most of the watershed channel sections. However, the model does
indicate there are several channel sections with potentially erosive velocities (greater than
2.3 feet-second). The selection of a velocity of 2.3 feet per second or more is based on
the general soil characteristics obtained from SSURGO and comparison with
Recommended Maximum Water Velocities and Manning’s n as a Function of Soil Depth
and Flow Type chart contained in the VDOT Drainage Manual. The majority of the soils
are classified as A-2 or A-4, which are gravel and sand with mixtures of silt and clay and
silts with mixtures of sand and clay, respectively. This is consistent with what was
viewed in the field. Many channel bottoms were not vegetated and contained numerous
deposits. Several embankments were loose with loamy soils and did not support
adequate vegetation for stability due to steep side slopes. The model shows the velocity
within several of the conduits contributes to scour at the pipe outfalls, as noted in Table
No. 3-1 above. Table No. 3-2 (next page) summarizes the channel and conduit sections
that exhibit potentially erosive velocities. Due to the limitations of a general stormwater
model typical for master planning purposes, channel velocities could vary just as actual

conditions along the channel vary but are not explicitly modeled. Therefore, caution is
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required to determine if a channel is not adequate based on the results.

general and provided for discussion purposes only.
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The list below is

Table No. 3-2 XP-SWMM Conduit Velocities
2-yr Design Storm
Link Maximum Velocity
Name Conduit Type Location (f/s)
L113 Natural Channel DS of NCC79 (Cherry Grove Rd N) 3.53
L152 Natural Channel | DS of NNR335, into Western Branch Reservoir. 3.53
L168 Natural Channel DS of NNR306, into Lake Prince. 3.02
L279 (3) 8’x10° RCB Lone Star Lakes 4.00
NR361 4’34’ RCB Godwin Blvd. 7.81
L1286 Natural Channel DS of NNR361 (Godwin Blvd.) 3.36
L1287 Natural Channel DS of NNR361 (Godwin Blvd.) 2.51
1290 Natural Channel DS of NNR343 (Five Mile Rd.) 2.61
L.296 Natural Channel DS of NNR320 (Lake Prince Dr.) 2.34
L298 Natural Channel DS of NNR331 (Lake Prince Dr.) 3.17
L175 Natural Channel DS of NRSTOR7A (Lake Prince Dr.) 4.28
L173 Natural Channel DS of NRSTOR7B (Lake Prince Dr.) 3.05
L107 Natural Channel DS of Crumps Mill Pond Spillway 2.36
1.290.2 | Natural Channel DS of NNR343 (Five Mile Rd) 2.98
NR377.1 24”RCP Kings Hwy, near Spring Meadow Ln. 5.60
NR379.1 30"HDPE Kings Hwy, near Spring Meadow Ln. 4.81
NR373.1 36” RCP Lone Star Lakes 12.35
NR362.1 24”"RCP Godwin Blvd. 5.55
NR343.1 24” RCP Five Mile Rd 10.88
NR352.1 (2) 96” CMP Wilroy Rd 2.65
NR320 36” RCP Lake Prince Dr. 4.82
NR331.1 36” CMP Lake Prince Dr. 6.68
Stor5 (2) 60” CMP Everets Rd. 4.64
1146.1 24” RCP Lone Star Lakes 5.58
1155.1 24” RCP Cherry Grove Rd. N 5.67
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3.1.1 Recommendations

In order to reduce the impact of erosion within the watershed the City may wish to

consider the following recommendations.

e Bridge Scour: Significant scouring, approximately 5-ft below the normal channel
bottom elevation, was noted beneath Bridge # 1802 on Godwin Blvd. (node
NCC77). A detailed study of the bridge should be performed to determine if the
scour has any impact on the structural integrity of the bridge and to develop the

appropriate remedial measures. No additional recommendations will be made

under this report.

e Pipe Scour: The culverts at nodes NNR377, and NNR343 listed in Table No. 3-1
and 3-2 above exhibit evidence of scour at the downstream pipe inverts. Rip rap
conduit outlet protection should be
provided at each outfall. In the case of
node NNR343, additional rip rap
protection is needed to protect the trees
immediately downstream of the culvert
from scour. The costs for the rip rap

improvements are included in section 3.2.

e Pipe Sedimentation: The accumulated sediment should be removed within the
culverts at nodes NNR362 (24” RCP @ Godwin Blvd.) and NNR352 (Twin 60”
CMP at Wilroy Rd.). Cleaning of the culverts would be performed by the City

Department of Public Works as part of the roadway maintenance program.
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e Erosion Control: Erosion is evident at the drainage swales along Godwin Blvd
draining to the box culvert at node NNR361 and the slope above the culvert.
These eroded areas should be stabilized and re-graded where needed. Erosion
control matting should be installed to stabilize the soil and provide a base for
establishing permanent vegetation. The cost for the stabilization measures is

approximately $31,139.

e Channel Stabilization: Several channel sections within the XP-SWMM model
exhibit potentially erosive velocities. The July 2005 field investigations did not
include a detailed survey of the channel sections. The channels were modeled as
generalized estimates of channel cross-sections to define their hydraulic model
parameters. The generalized sections may not reflect actual channel conditions
that could result in an erosive condition. No specific recommendations for

channel stability, beyond the items mentioned above, are provided at this time.

3.2 EVALUATION OF EXISTING CONDITION ROADWAY CULVERTS

The roadway culverts analysis was based on the design criteria in the VDOT Drainage
Manual, Chapter 8, Culverts. Primary and arterial roadways were evaluated for flooding
using the 25-yr design storm and secondary roadways were evaluated using the 10-yr

design storm. Table No. 3-3 below summarizes the peak design storm flood elevation at

each culvert.
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Table No. 3-3 Culvert Peak Design Storm Flood Elevations
Approximate
Roadway Top of Road | Design Flood
Node Name Conduit Type Road Name Designation | Elevation (ft) ;| Elevation (ft)
CCSTORAGES 24" RCP Cherry Grove Rd. Secondary 5.50 5.87

CCLNSTAR 8'x10' RCB Lone Star Lakes Secondary 15.00 6.30

NRSTOR373 36" RCP Lone Star Lakes Secondary -- --
NNR361 4'x4' RCB Godwin Blvd. Primary 63.00 56.90
NNR362 24"RCP Godwin Blvd. Primary 65.00 65.22
NNR377 24"RCP Kings Hwy. Primary 21.00 21.07
NNR379 30"HDPE Kings Hwy. Primary 21.00 20.68

36" RCP & 36"

NRSTORI15 HDPE Kings Hwy. Primary 16.30 14.26
NNR343 24" RCP Five Mile Rd. Secondary 53.40 53.64
NNR353 24" CMP SBS Greenhouses Secondary 17.00 15.86
NNR352 96" CMP (x2) Wilroy Rd. Secondary 5.50 5.07
NNR320 36" RCP Lake Prince Dr. Secondary 71.00 69.39
NNR331 36" CMP Lake Prince Dr. Secondary 69.00 69.14

NRSTORS 60" CMP (x2) Everets Rd. Secondary 24.60 24.44

NRSTORI11 22' SPILLWAY Long Point Ln. Secondary 9.50 9.53

The table above indicates that the design flood elevation for culvert crossing at nodes

CCSTORAGES, NRSTOR373, NNR362, NNR377, NNR343, NNR331, and NRSTOR11

overtop their respective roadways. The design flood elevation for culvert crossing at

nodes NNR379, NNR352, and NRSTORS are within one foot of the top of their

respective roadways.

3.2.1 Recommendations

In order to reduce the design flood elevation for the culverts, the City may wish to

consider the following recommendations.

e CCSTORAGES: The existing 24” RCP culvert does not have the required

capacity to pass the 10-yr design storm without overtopping Cherry Grove Road.
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Though the road is overtopped; the level of ponding at the culvert is not expected
to impact nearby residential structures. To convey the runoff beneath the road,
two 38” x 24” elliptical pipes should be installed parallel to the existing 24” RCP.

The cost of the culvert improvements would be approximately $96,974.

e NRSTOR373: The existing 36” RCP is located within Lone Star Lakes Park. The
model indicates the roadway may be flooded for the 10-yr design storm.
Improvements are not recommended at this time since the path does not convey
general residential, commercial or industrial traffic and is located within a
recreational park area. Further study on the interaction of the various lakes is

required to determine if improvements are warranted.

e NNR362: The 24” RCP crosses beneath Godwin Boulevard, which is a primary
roadway. The roadway is flooded at the culvert for the 25-yr design storm.
Flooding at this elevation could impact nearby residential structures. Installing a
parallel 24” RCP and 30” RCP would lower the 25-yr design flood headwater
elevation to reduce the flooding in the vicinity of the residential structures and
prevents the road from being overtopped. The cost of the culvert improvements

would be approximately $89,062.

e NNR377: The 24” RCP at this node crosses Kings Highway. The model indicates
the roadway is flooded for the 25-yr design storm however; the level of ponding
at the culvert is not expected to impact nearby residential structures. Adding two

parallel 24” RCP next to the existing

culvert would lower the 25-yr peak
design flood elevation and prevent the
road from being flooded. The cost of
the culvert improvements would be

approximately $54,040.

Final Report Section 3 3-7



James River Watershed
Stormwater Master Plan
City of Suffolk, Virginia

e NNR379: The 30” HDPE at this node crosses Kings Highway. The model
indicates the roadway is flooded for the 25-yr design storm however; the level of
ponding at the culvert is not expected to impact nearby residential structures.
Adding a parallel 30” RCP next to the existing 30” HDPE would lower the 25-yr
peak design flood elevation and prevent the road from being flooded. The cost of

the culvert improvements would be approximately $42,708.

e NNR343: The existing 24” RCP culvert does not have the required capacity to
convey the 10-yr design storm without overtopping Five Mile Road. Flooding at
this level may have an impact on nearby residential structures. To convey the
runoff beneath the road without overtopping, two 38”x 24” horizontal elliptical
pipes should be installed parallel to the existing 24” RCP. This lowers the
headwater elevation which would reduce the flooding in the vicinity of the
existing residential structures and prevent the road from being overtopped. The

cost of the culvert improvements would be approximately $73,574.

e NNR352: This crossing is being identified for possible improvements since the
10-yr design storm headwater elevation for the two existing 96” CMP culverts at
Wilroy Road is within six inches of overtopping the road. Overtopping of Wilroy
Road is a concern due to the high tidal conditions that could exist and the limited
upstream storage due to development. However, since development best
management practices have not been modeled, no recommendations for
improvements will be made at this time. A more detailed analysis should be

performed for this crossing to determine if improvements are warranted.

e NNR331: The existing 36” CMP culvert does not have the required capacity to
convey the 10-yr design storm without overtopping Lake Prince Drive. Though
the road could overtop, the level of ponding of the culvert headwaters does not
impact nearby residential structures. To convey the runoff without overtopping, a

parallel 36” RCP should be installed. The cost of the culvert improvements would

be approximately $52,006.
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e NRSTORS: The model indicates that Everets Road at this node may be flooded
during the 10-yr design storm event. However, field reconnaissance was not
performed for the privately owned ponds upstream of node NRSTORS and will
have an impact on the crossing at Everets Road. A more detailed study of the
relationship between the upstream ponds and the culvert should be performed
prior to developing any improvement recommendation; therefore no

recommendations for this culvert are being presented at this time.

e NRSTORI11: The model indicates that Long Point Lane at this node may be
overtopped during the 10-yr design storm event. However, since Long Point Lane

is a private road and the BMP privately owned, no recommendations for

improvements are being presented at this time.
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Table No. 3-4 summarizes the existing and proposed improvements peak headwater

elevations for the recommendations provided above.

Table No. 3-4 Comparison of Existing and Improved Culvert Peak Headwater
Elevations - Existing Condition Model
Existing Improved
Approximate | Culvert Peak Culvert Peak
Road Roadway Top of Road Headwater Headwater
Node Name Name Designation | Elevation (ft) | Elevation (ft) Elevation (ft)
CCSTORAGE 5 Cherry Secondary 5.50 5.87 5.30
Grove Rd.
NNR362 Godwin Primary 65.00 65.22 63.40
Blvd.
NNR377 Kings Hwy. Primary 21.00 20.68 19.40
NNR379 Kings Hwy. Primary 21.00 20.68 19.40
NNR343 Five Mile Secondary 53.40 53.64 52.10
Rd.
NNR331 Lake Prince Secondary 29.50 69.14 66.30
Dr.

3.3 EVALUATION OF EXISTING CONDITION BRIDGES AND SPILLWAYS

The flood elevations at the bridges and dam spillways were evaluated using the 100-yr

design storm. Table No. 3-5 below summarizes the 100-yr design flood elevation at the

various bridges within the watershed.

Table No. 3-5 Bridge 100-yr Design Storm Flood Elevations
Bridge Low Chord | Top of Road 100-yr Design
Node Location Number | Elevation (ft) | Elevation (ft) | Storm Elevation(ft)
NCC77 Godwin Blvd. 1802 9.50 12.00 10.32
NNR347 Godwin Blvd. 1800 13.10 19.80 5.11
NNR315 Girl Scout Rd. 8009 38.00 41.60 29.31
LAKEPRINCE | Girl Scout Rd. 8008 25.50 28.00 21.93
NNR312 Lake Prince Dr. 8007 27.50 30.00 29.31
NNR300 Gardner Ln. 8015 29.50 33.00 29.31
NNR305 Exeter Dr. 8010 31.50 33.00 29.31
NNR329 Everets Rd. 8001 23.50 26.00 21.93
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The existing condition model shows that
the 100-yr design flood elevations at the T e
bridges do not overtop the roadways.
However, for Bridge #1802 on Godwin
Boulevard and Bridge # 8007 on Lake
Prince Drive, the 100-yr design flood
elevations are above low chord. Table

No. 3-6 below summarizes the 100-yr

design flood elevation at the reservoir
spillways within the watershed. The model requires further evaluation to determine if

this condition is reasonable prior to making recommendations.

Table No. 3-6 Spillway 100-yr Design Storm Flood Elevations
100-yr Design
Weir Weir Parapet Storm Elevation
Node Location Length (ft) | Elevation (ft) | Elevation (ft) (ft)

Western

WBRES Branch 267 20.00 28.00 21.93
Reservoir

BURNTMILLS | L2keBumt 165 34.00 43.50 38.30

Mills
LAKEPRINCE Lake Prince 174 26.00 30.00 29.31

The existing condition model shows that the spillways for each reservoir can pass the
100-yr design storm without overtopping the parapet. The analysis does not account for

any additional pumping facilities that may be employed at each dam.

3.3.1 Recommendations

Based on the results of the existing condition model regarding flood elevations, no
recommendations for the bridges and spillways are being presented at this time. The

model will need to be more closely evaluated to determine if there are possible flooding

concerns at the bridges.
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4.0 PROPOSED CONDITION (2018) MODEL RESULTS

The existing condition model was modified to reflect the future planned development in
the watershed as outlined in the 2018 Comprehensive Plan. The proposed sub-catchment
zoning coverages were assigned impervious surface ratios based on the Suffolk UDO to
create area-weighted estimates of projected impervious surface area. The majority of the
Phase 1 Study Area is located in the RE (Residential Estate) Zone. In order to model the
future (2018) land use conditions a minimum 16% impervious coverage, based on the
Suffolk UDO, was used for the sub-catchments within the model. The proposed model
was analyzed to identify flood prone areas. The different channel reaches and structures
(reservoir spillways, culvert crossings and bridges) were analyzed based on the following

criteria, similar to the existing condition model:

e Proposed channel velocities for the 2-yr design storm.
e Roadway culverts for the 10-yr design storm (secondary roadways) and the 25-yr
design storm (primary roadways).

e Bridges and spillways for the 100-year storm.

The improvements for the identified flooding and erosion problem areas recommended in
Section 3 of the report were analyzed for the 2018 land use condition. Most of the
improvements cited in Section 3 will be adequate for the 2018 land use condition.
Detailed cost estimates for each recommendation are located in Appendix A. Detailed
XPSWMM model output for the 2018 condition is located in Appendix C. Mapping of

the flood prone areas and proposed improvements, GIS-03 and GIS-04 respectively, are

located in the back of the report.

4.1 EVALUATION OF PROPOSED CONDITION CHANNEL REACHES

As with the existing condition model, analysis of the channel velocities does not indicate
a severe erosion condition exists within most of the watershed channels incorporated into
the model. However, there are some channels with potentially erosive velocities. The

model also shows the flow velocity within several conduits may contribute to scour at the
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pipe outfall. Table No.4-1 below summarizes the channels and conduits that exhibit

potentially erosive velocities.

Table No. 4-1 XP-SWMM Conduit Velocities

Link Conduit Type Location 2-yr Design Storm

Name Maximum Velocity
{/s)
L113 Natural Channel DS of NCC79 (Cherry Grove Rd N) 3.48
L152 Natural Channel DS of NNR335, into Western Branch Reservoir. 2.77
L168 Natural Channel DS of NNR306, into Lake Prince. 3.46
1.206 Natural Channel DS of NNR350 (Nansemond Pkwy.) 2.72
1279 (3) 8’x10’ RCB Lone Star Lakes 4.30
NR361 4’x4’ RCB Godwin Blvd. 8.72
L1286 Natural Channel DS of NNR361 (Godwin Blvd.) 3.65
L287 Natural Channel DS of NNR361 (Godwin Blvd.) 2.56
L290 Natural Channel DS of NNR343 (Five Mile Rd) 3.14
L296 Natural Channel DS of NNR320 (Lake Prince Dr.) 2.31
L298 Natural Channel DS of NNR331 (Lake Prince Dr.) 3.30
L175 Natural Channel DS of NRSTOR7A (Lake Prince Dr.) 4.22
L173 Natural Channel DS of NRSTOR7B (Lake Prince Drive) 3.09
L107 Natural Channel DS of Crumps Mill Pond Spillway 2.46
1.290.2 Natural Channel DS of NNR343 (Five Mile Rd) 3.36
L113.1 Natural Channel DS of NCC79 (Cherry Grove Rd N) 2.29
NR377.1 24”RCP Kings Hwy, near Spring Meadow Ln. 7.19
NR379.1 30”HDPE Kings Hwy, near Spring Meadow Ln. 5.64
NR373.1 36” RCP Lone Star Lakes 12.74
NR362.1 24”"RCP Godwin Blvd. 5.83
NR343.1 24” RCP Five Mile Rd 11.09
NR352.1 (2) 96” CMP Wilroy Rd 2.87
NR320 36” RCP Lake Prince Dr. 4.75
NR331.1 36” CMP Lake Prince Dr. 7.67
Stor5 (2) 60” CMP Everets Rd. 4.88
1146.1 24” RCP Lone Star Lakes 5.66
1155.1 24” RCP Cherry Grove Rd. N 5.70
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4.1.1 Recommendations

Section 3 of this report summarized the stabilization recommendations for the outfalls
and channels based on the exiting condition
model and field reconnaissance. The table
above indicates there is a slight increase in
channel velocities for the proposed condition.
However, based on the level of detail of the
channel sections as discussed in Section 3, no

additional recommendations for the channel

reaches are being presented at this time.

4.2 EVALUATION OF PROPOSED CONDITION ROADWAY CULVERTS

The proposed condition roadway culverts were analyzed using the same design criteria
as the existing condition model based on the data in the VDOT Drainage Manual.
Primary and arterial roadways were evaluated for flooding using the 25-yr design storm
and secondary roadways were evaluated
using the 10-yr design storm. Table No. 4-
2 below summarizes the peak design
storm flood elevation at each culvert
modeled. The deficient pipes from the
existing condition model were the only
deficient pipes for the 2018 condition

model. No new culverts were identified

with roadway overtopping for the

appropriate design storm.
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Table No. 4-2 Culvert Peak Design Storm Flood Elevations

Design
Approximate Flood
Roadway Top of Road | Elevation
Node Name Conduit Type Road Name Designation | Elevation (ft) ft)
CCSTORAGES 24" RCP Cherry Grove Rd. Secondary 5.50 5.89
CCLNSTAR 8'x10' BOX Lone Star Lakes Secondary 15.00 6.63
NRSTOR373 36" RCP Lone Star Lakes Secondary 11.00 12.38
NNR361 4'x4' BOX Godwin Blvd. Primary 63.00 57.98
NNR362 24"RCP Godwin Blvd. Primary 65.00 65.38
NNR377 24"RCP Kings Hwy. Primary 21.00 21.08
NNR379 30"HDPE Kings Hwy. Primary 21.00 20.91
36" RCP & 36"

NRSTORI1S HDPE Kings Hwy. Primary 16.30 14.71
NNR343 24" RCP Five Mile Rd. Secondary 53.40 53.66
NNR353 24" CMP SBS Greenhouses Secondary 17.00 16.29
NNR352 96" CMP (x2) Wilroy Rd. Secondary 5.50 5.13
NNR320 36" RCP Lake Prince Dr. Secondary 71.00 69.62
NNR331 36" CMP Lake Prince Dr. Secondary 69.00 69.13

NRSTORS 60" CMP (x2) Everets Rd. Secondary 24.60 24.54

NRSTORI11 22' SPILLWAY Long Point Ln. Secondary 9.50 9.57

Table No. 4-2 indicates that the design flood elevation for culvert crossing at nodes
CCSTORAGES, NRSTOR373, NNR362, NNR377, NNR343, NNR331, and NRSTOR11
overtop their respective roadways. The design flood elevation for culvert crossing at

nodes NNR379, NNR352, and NRSTORS5 are within one foot of the top of their

respective roadways. These results are similar to the existing condition model, no

additional roadway culverts indicate flooding for the 2018 condition.
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4.2.1 Recommendations

The existing condition recommendations for the culverts were analyzed for the 2018 land
use condition. Generally, improvements recommended under the existing condition
were adequate for the proposed condition (2018). The total costs for areas that require
additional improvements are adjusted to account for escalation in prices when

considering the timeframe of proposed improvements. The following summarizes the

proposed improvements for the 2018 model.

e CCSTORAGES: : In addition to the improvements recommended under Section
3, a third parallel 38” x 24” elliptical pipe should be installed to convey the 10-yr

peak discharge. The adjusted cost of the culvert improvements would be

approximately $131,572.

e NRSTOR373: The improvements proposed under Section 3 are adequate to

address the 2018 land use condition.

e NNR362: The improvements recommended under Section 3 are adequate to
convey the 25-yr design storm without overtopping the road or flooding nearby

residential structures.

e NNR377: The improvements recommended under Section 3 are adequate to
convey the 25-yr design storm without overtopping the road or flooding nearby

residential structures.

e NNR379: The improvements recommended under Section 3 are adequate to
convey the 25-yr design storm without overtopping the road or flooding nearby

residential structures.
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e NNR343: In addition to the
improvements recommended under
Section 3, a third 38” x 24” elliptical
pipe should be installed to convey the
10-yr peak discharge. The adjusted
cost of the culvert improvements

would be approximately $102,003.

5% o e

e NNR331: The improvements recommended under Section 3 are adequate to
convey the 25-yr design storm without overtopping the road or flooding nearby

residential structures.

e NRSTORS5: A more detailed study of the relationship between the upstream ponds
and the culvert should be performed prior to developing any improvement

strategies; therefore no recommendations for this culvert are being presented at

this time.

e NRSTORI11: Since the pond is privately owned, no recommendations for

improvements are being presented at this time.

e Regional Best Management Practices (BMPs): The comparative analysis of
constructing a BMP versus making roadway drainage improvements indicates that
a significant storage volume is typically required to attenuate sufficient flow to
avoid making roadway drainage improvements. Because these costs would far
exceed making roadway improvements, no recommendations are made to use
storage ponds upstream of roadways. The cost of regional BMPs would be
greater than the cost associated with upgrading the roadway culverts.
Additionally, construction of regional BMPs reduces the amount of developable

land and would require substantial right-of-way to construct and maintain.
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Table No. 4-3 summarizes the existing and proposed improvements peak headwater

elevations for the recommendations provided above.

Elevations - Proposed Condition (2018) Model

Table No. 4-3 Comparison of Existing and Improved Culvert Peak Headwater

Existing Improved
Approximate | Culvert Peak Culvert Peak
Road Roadway Top of Road Headwater Headwater
Node Name Name Designation | Elevation (ft) { Elevation (ft) Elevation (ft)
CCSTORAGE 5 Cherry Secondary 5.50 5.89 5.50
Grove Rd.
NNR362 Godwin Primary 65.00 65. 38 63.50
Blvd.
NNR377 Kings Hwy. Primary 21.00 21.08 19.80
NNR379 Kings Hwy. Primary 21.00 20.91 19.80
NNR343 Five Mile Secondary 53.40 53.66 52.10
Rd.
NNR331 Lake Prince Secondary 29.50 69.13 67.20
Dr.

4.3

EVALUATION OF PROPOSED CONDITION BRIDGES AND SPILLWAYS

The flood elevations at the bridges and dam spillways were evaluated using the 100-yr

design storm. Table No. 4-4 below summarizes the 2018 condition 100-yr design flood

elevation at the various bridges within the watershed.

Final Report Section 4

Table No. 4-4 Bridge 100-yr Design Storm Flood Elevations
100-yr Design
Bridge Low Chord Top of Road Storm Elevation

Node Location Number | Elevation (ft) | Elevation (ft) (ft)
NCC77 Godwin Blvd. 1802 9.50 12.00 10.60
NNR343 Godwin Blvd. 1800 13.10 19.80 5.13
NNR315 Girl Scout Rd. 8009 38.00 41.60 29.40
LAKEPRINCE | Girl Scout Rd. 8008 25.50 28.00 22.02
NNR312 Lake Prince Dr. 8007 27.50 30.00 29.41
NNR300 Gardner Ln. 8015 29.50 33.00 29.41
NNR305 Exeter Dr. 8010 31.50 33.00 29.41
NNR329 Everets Rd. 8001 23.50 26.00 22.02
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As previously determined from the existing
condition model, Bridge #1802 on Godwin
Boulevard and Bridge # 8007 on Lake Prince
Drive indicate the 100-yr design flood
elevations are above low chord. Table No. 4-5
below summarizes the 100-yr design flood

elevation at the reservoir spillways within the

{

watershed. The model requires further .

evaluation to determine if this condition is plausible prior to making recommendations.

Table No. 4-5 Spillway 100-yr Design Storm Flood Elevations
100-yr Design
Weir Weir Parapet Storm Elevation
Node Location Length (ft) | Elevation (ft) | Elevation (ft) (ft)
WBRES Western 267 20.00 28.00 22.02
Branch
Reservoir
BURNTMILLS Lake Burnt 165 34.00 43.50 38.42
Mills
LAKEPRINCE Lake Prince 174 26.00 30.00 29.41

The 100-yr design flood elevation at the bridges is a few tenths of a foot higher than the
existing condition. The proposed 2018 land use does not seem to have a significant
impact on the design flood elevations for the bridges or spillways. As with the existing
condition model, the analysis does not account for any additional pumping facilities that

may be employed at each dam.

4.3.1 Recommendations

Based on the results of the existing condition model and the need for a more detailed
analysis regarding flood elevations for bridges and spillways, no recommendations are

being presented at this time.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

The recommendations proposed in the report are summarized in Table No. 5-1 below
with associated construction cost estimates. These recommendations are based on model
computations only and certain conditions discerned from the field investigation. Other
conditions could exist that were not modeled due to the scope of the project and the
intended usefulness of a stormwater master planning model. The improvements are not
in a specific order. Most of the improvements recommended were from inadequate
culverts that had the potential to overtop the roadway for the respective 24-hour rainfall
event. The costs listed show the estimated value of improvements based on the existing
condition and the proposed condition (2018)land uses. For those improvements where
only one cost is listed, there were no additional improvements required to address the
proposed condition (2018) land uses. The costs shown are based on 2005 dollars and

would be greater in the future due to construction cost escalation.
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Table No. 5-1 Summary of Erosion and Flood Control Recommendations

Location Recommendation Cost

Install two 38” x 24” HERCP culverts parallel to the existing 24” $96,974

Node RCP (existing condition land use) (existing)
CCSTORAGES, '

Cherry Grove A third 38” x 24” HERCP culvert is required for the 2018 land $131,572

Rd. use condition. (2018)
Node NNR362, Install a 24” RCP anq 30 RCP para}le} to thS existing 24” RCP. $89,062
. The accumulated sediment in the existing 24" RCP should be

Godwin Bivd. ) . .

cleaned out as an immediate remedial measure.
Node NNR377, | Install two 24” RCP parallel to the existing 24” RCP and provide $54,040
Kings Hwy. rip rap conduit outlet protection.
Node NNR379, | Install a 30” RCP parallel to the existing the 30” HDPE culvert. $42,708
Kings Hwy.
Install two 38” x 24” HERCP culverts parallel to the existing 24” $73,574
RCP (existing condition landuse). Provide rip rap conduit outlet (existing)
Node NNR343, protection,

Five Mile Rd. $102,003
A third 38” x 24” HERCP culvert is required for the 2018 land (2018)
use condition.

Node NNR 331, | Replace the existing 36” CMP with two 36” RCP culverts. $52,006
Lake Prince Dr.
Node NNR361, | Provide erosion control and slope stabilization at the culvert. $31,139

Godwin Blvd.

Node NCC77, Conduct a detailed study of the bridge to determine the if the -

Bridge 1802, scour has any impact on the structural integrity of the bridge and

Godwin Blvd. to develop the appropriate remedial measures

The model identified areas within the watershed that require a more detailed analysis to
determine what flood control improvements are warranted. Due to the lack of detailed
survey data and the master plan assumptions used, the model should not be used for
design applications. Additional data and survey, particularly for roadway culverts, is
needed before this model can be used for making specific design decisions and should

only be used as a tool preparing the groundwork for more detailed studies and design.
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Due to the nature of scour critical bridges, such as that which was seen in the field for
Bridge #1802, a detailed bridge scour analysis should be performed. Due to the complex
hydraulics associated with bridges, the stormwater master plan model is not adequate for
making appropriate recommendations. Therefore, no cost is provided, only the need for a

more detailed study.

Similarly, channel improvements due to erosive velocities are provided only as general
conditions that exist within the model. Since the model does not focus on variations in
channel geometry, roughness, and unique site conditions throughout the channel reach,
specific improvement priorities cannot be immediately obtained from the model.
However, where recommendations for improvements are adequate is from the analysis of
the pipes that show increased velocities at the outfalls and that the condition exists due to
signs of erosion viewed in the field investigation. The cost of these improvements is

included in the cost of the culvert improvements.

Regional best management practices (BMPs) were not closely evaluated at this stage of
the model. Due to the limited number of deficient pipes and the limitations associated
with making decisions on channel stability, the use of regional BMPs was not addressed
in detail. Additionally, the cost for constructing a regional BMP would be greater versus
the costs of making the pipe improvements. This increased cost is associated with land
acquisition and large excavation and disposal hauling costs. The cost of constructing a
regional BMP was therefore deemed unwarranted at this time. However, if a more
detailed study of channel stability indicates that severe erosive condition exists along a
major channel, the use of a regional BMP may be warranted over the cost for making
extensive channel improvements and the associated cost in easement acquisition,
property impacts and permitting. At this stage, we recommend a more detailed study be
performed for those channels downstream of culverts recommended for improvements.
This consideration is based on the increased flow volume released with the upgraded pipe
systems and may therefore require downstream improvements beyond the distance
assumed for initial cost of making the pipe improvements. A summary of the existing

regional ponds input into the SWMM model is provided on Table No. 5-2.

Final Report Section 4 5-3



‘Surddewr gy wouy
POALISp 3JaM suolsuawp A ‘Surddewr ST ayy ur payordap se UONBAI[I dLLINS I3)BAM FUNSIXD 9} JB J3S UOHBAI[D

15910 B H)IM POUINSSE SEM JASLT X0 (p X € F[E[IEABUN SBAL BJRD 2INJONI)S 39[In0 puod 2197 A\ *IOUBSSIEUUOIAI
PP 913 Ul pIpnjoul 10U 213M PUE J[IssaddeW] 3.1M 10 A3radoxd syearad uo p3jedof dxe spuod 3say) Jo Auepy

1M J-06 pue Xoq -4 S 144 6 19 PATH WIMPOD 30 IO 640LSAN
119M 1J-991 pue xoq - 14 €T €S 4 Suie odun oe] HLI0LSUN
TIoM J-97 pue Xoq 1J-f [4 L [4Y 39 SULle{ 20U g 93e] VLIOLSEN
J1eM 13-GL 1 pue xoq Y- S 147 0§ €L S Y0 s3ury LIOLSUN
dIND 09 tIm], 44 79 0¢ 980°T puod Iy SHOLSUN
11oM 33-68T pue xoq Y- 14! (4 S 651 Py 1uiog joeg 3o JJO PSEIOLSUN
J19M 13-791 pue xoq Y- pel [4%3 [4 (444 PY JuIod Ao LTIOLSIAN
J1oM Y-00Z pue xoq Y- U4 [434 9 9ve P Jut0d ALIo g STIOLSUN
My 7] L 1 %4 41 9T yoInq7) suyof jureg STIOLSAN
1M Y-611 PUB X0q Y- 0¢ 16 4! 1 {43 PATH TisMpoD) 3O 110 YIAOLSAN
M J-91 pue Xoq -4 L 65 91 65 PAIH UIAPOD) JO 3O £1JOLSAN
oMy ¢ €0 S [44 0S PAlH WAMPODH JO J10 ZTHOLSAN
=My 77 87 [£14 8 08T Sue Jul0d Juo| [TIOLSAN
19M J-001 pue X0oq Y- LE 124! 4! eLl suowrwoy) Jrod{rH 0TIOLSUN
1M J-8¢ pue xoq - 9 17 0$ £8 P [ITA stuug Jo 3O VIIOLSUN
oM -0, pue X0q I 6 LL 8v S01 1Q J°19%d Jo 3O IOLSUN
JIeM -6/ pue xoq J-p 8 6tv 6 £69 S3eT 1Bpa) A TAVAIDIN
sy 9 € g 14! 98 Py Julog ydes 30 JO ESEUNN
1194 -001 pue xoq Y- 17 8¢ 8 8 P Uapuan) Jo JO 9dDVICLSDD
oM J-91 01 ¥ 9 79 Py uspusnu]) 3o 3O PHDOVIOLSDD
I9M -G pue Xoq Y- 01 0t 14! £8 Py 2a01p A4 Jo 3O | €4DVIOLSDD
J19M Y-001 pue Xoq -4 g L1 [4! IS PY 94019 ALay) 3o JO ¢CHOVIOLSDD
e 59 4 089 06¢1 91 9€L'C puodyiy sdwni) SANNEDD
uoneIn3yuo)) PpnQ [(3308) swnjoA (3oe) @19) (saaow) uonedo| apoN
adea0)g Lpede) | wonessyy sovyIng BAY
L8 (TN VY § 98ea0)g I2)BAN [RULION adeureI(
XEN Arenquiy,

PIYSISIE A IOARY SOWE( - SPUO [BUOIZAY PIAPOIA JO ATewuImg g-c *ON d[qeL




CHOWAN /' BLACKWATER RIVER WATERSHED

JAMES RIVER WATERSHED

JAMES RIVER WATERSHED  /

GREAT DISMAL SWAMP WATERSHED

Legend

SUB BASIN BOUNDARY

MAJOR_WATERSHEDS

CITY OF SUFFOLK BOUNDARY

00000000000000000
eet

CLARKeN EXSEN

Achitecture & Engineering

EEEEEEEEEEEEEEEEEEEE
IIIIIIIIIIIIIIIIIIIII
TEL: 757.455.5800
FAX: 757.455.5638

IIIIIIII

CITY OF SUFFOLK, VIRGINIA

STORM WATER MASTER PLAN
JAMES RIVER WATERSHED
STUDY AREA XP-SWWM MODEL

CN NO: N1955.2 E
DATE: 10/22/08
DESIGN: JPP
DRAWN: KRH
REVIEW: RAS
REVISIONS:

NO. DATE =  DESCRIPTION  BY

GI1S-01

SHEET 1 OF 4



CLARKeN EXSEN

Achitecture & Engineering

6160 KEMPSVILLE CIRCLE
NORFOLK, VIRGINIA 23502
TEL: 757.455.5800
FAX: 757.455.5638
WWW.CLARKNEXSEN.COM

PRNTMILL1B : i W 0 ¢ . . o R

11/21/05- KRH- 1955- GIS_Data- watersheds/REVISED 12/12/08

VvV I R G
/ f:’ @ fOOﬂ( fime To be in

BURNEMILLL

NNR293B

BURNTMILLS3

NCCIw1

BUNRTMILLE4

P
A INRSTORIA i
@ _NNR294-.

»w

R NRSTOR3.1
NRSTOR5.1NRSTOR®
; . NRSTOR2. 1%

X%
)

CCLNSTARB Lm NgC83 & NCC93.1

NCC%4

N

ArEYREIIOE

MR312

= CENSTRAZ]
N
e |

LI ps=-N R}

9 & E 4
77 [ 1 . o v = b ; b - -I : '7
i . _ R \g i Y R ' : e Ny, i - ' CCSTOR4 47/(?,0
NNR311.1 / ] : : : . X,
, ; 1t RN ) NR : f : . _ %
NR310 ) 0. ‘ ’ o QINR3 s L . il : > ; FCRORAGES
RSTOR7E S ‘ > ' NRWAHOG (R i i i \ X,
\ & N § B, S ’ 4 CCSTORAGES
SRSTOR7A Sff - ] k. 4 002:3 /0 | ; _ Ll NCC5

(R

' S~ : ' wyaroof f - iy
L NSTQR7A.1 ) .. 3 . ; . . o1 1{NRgzaA 1NNR374 NRSTOR15

LAKEPRYC.1LAKEPRINCE X, : / { p—— ‘ 2 _- NSOUTHR H'-
NNR315 L ot : - \ 2 NNR372

S
900\)

K

E
NNR317 o 3
: ? : < K \] on Y NNR376

P 2 i S50 - % : \ 4 4NRSTOR14 & & A
LABR A s ‘ N LA s 1 . > o3 ; o | NNR378>
= . i \ ﬁ(\b f yY . \j} >
b ] N s : NNR@3ANYR343 R3 NNR33 ~
NNR318 ] NNR343A.1 .

NNR343A 21/

.474/ e
B OSO

o>
Yz ;
NNR338.1 G RSTOR12,§NRSTORN

INRSTO17 J !
\ (RSTORIA —— ——

& fNR3 R
h . . o
o , e - N\
NNR341 %9 ;i . A \
WBRES.1"HRES | .
) A U
& NR) 7. ..g, :
\V \/ 1 200

NNR354.1 - o
NRSTOR354 §

CITY OF SUFFOLK, VIRGINIA
STORM WATER MASTER PLAN
PHASE | - JAMES RIVER WATERSHED
STUDY AREA XPSWMM MODEL

CN NO: N1955.2D
DATE: 12/12/08
DESIGN: JPP
DRAWN: KRH
REVIEW: RAS
REVISIONS:

NO. DATE DESCRIPTION BY

Legend

TIBHASIS 5

— SWMM MODEL LINK
SWMM MODEL NODE

DRAINAGE_AREAS I

MAJOR WATERSHED BOUNDARY

City of Suffolk Boundary

_ dF _ _ o _ _ | e P | 1"=2000"

HORTON

%
OLD.SOMERTO




11/22/05- WS0344- 1955- GIS_Data- JamesRiver_ws- J

REVISED 12/12/08

.
= ™
=
o)
e
o
o -
)
=

GODWIN BLVD. EROSION
ABOVE 4'X4' BOX CULVERT

GODWIN BLVD. 24" RCP ROAD
FLOODED FOR 25YR. DESIGN
STORM. SEDIMENT IN PIPE

FIVE MILE RD. 24" RCP

ROAD FLOODED FOR 10 YR.
DESIGN STORM.

EROSION @ DOWN STREAM INV.

— & GODWIN BLVD. SCOUR
~ BENEATH BRIDGE #1802

; _. ROAD FLOODED FOR THE 25YR
DESIGN STORM. EROSION

" @D

"RCP

OWN STREAM INV.

HOLLY TReg

CHERRY GROVE RD. 24" RCP
ROAD FLOODED FOR THE 10 YR
DESIGN STORM

KINGS HWY 30" HDPE

% ROAD FLOODED FOR THE

25YR DESIGN STORM

Legend

L DEFFICIENCY_IMPROVEMENT

MAJOR WATERSHEDBOUNDARY

CITY OF SUFFOLK BOUNDARY

0 1000 2,000 4,000 6,000 8,000
I T N Fcct
1"=2000"'

CLARKeN EXSEN

Achitecture & Engineering

6160 KEMPSVILLE CIRCLE
NORFOLK, VIRGINIA 23502
TEL: 757.455.5800
FAX: 757.455.5638
WWW.CLARKNEXSEN.COM

Suffolk

VIR GTN

ﬁ'iaﬁboﬂ(fwfoé'&m;mﬁok

CITY OF SUFFOLK, VIRGINIA
STORM WATER MASTER PLAN
PHASE | - JAMES RIVER WATERSHED
STUDY AREA - DEFICIENY AREAS

CN NO: N1955.2D
DATE: 12/12/08
DESIGN: JPP
DRAWN: KRH
REVIEW: RAS
REVISIONS:

NO. DATE DESCRIPTION BY

GIS-03

SHEET 3 OF 4



11/22/05- KRH- 1955\Watersheds\REVISED 12/12/08

LAKE PRINCE DR. CONSTRUCT _

A PARALLEL 36" RCP NEXT TO
THE 36" CMP CULVER

. | GODWIN BLVD. PROVIDE EROSION CONTROL
AND STABILIZATION ABOVE CULVERT

GODWIN BLVD. CONSTRUCT A PARALLEL
24" RCP AND 30" RCP NEXT TO :

THE EXISTING 24" RCP

s R e

ey

CONDUCT A DETAILED STUDY OF THE
BRIDGE TO DETERMINE IF THE SCOUR

' HAS AN IMPACT ON THE STRUCTURAL

INTEGRITY OF THE BRIDGE

3

CHERRY GROVE RD. CONSTRUCT TWO
PARALLEL 38"x24" HERCP NEXT TO

THE EXISTING 24" RCP (AN ADDITIONAL
38"x24" ELLIPTICAL PIPE WILL BE NEEDED

CLARKeN EXSEN

Achitecture & Engineering

6160 KEMPSVILLE CIRCLE
NORFOLK, VIRGINIA 23502
TEL: 757.455.5800
FAX: 757.455.5638
WWW.CLARKNEXSEN.COM

Suffolk

VIR GTN

ﬁ'iaﬁboﬂ(fwfoé'&m;mﬁok

i £
KINGS HWY. CONSTRUCT TWO PARALLEL

v 'l | 24" RCP NEXT TO THE EXISTING 24" RCP.
R ¥ PROVIDE RIP RAP CONDUCT OUTLET PROTECTION

/ g "
k STUMPY LAKE T
UMPY LAKE: ¥

CH g
CHKETTLE PQ T,

W »
o LATERs ¥

Yitdu

FIVE MILE RD. CONSTRUCT TWO 30"x24" HERCP
PRALLEL TO THE EXISTING 24" RCP. PROVIDE
RIP RAP CONDUIT OUTLET PROTECTION

(AN ADDITIONAL 38"x24" ELLIPTICAL PIPE

WILL BE NEEDED FOR THE 2018 CONDITION)

KINGS HWY. CONSTRUCT A 30" RCP
CULVERT PARALLEL TO
THE EXISTING 30" HDPE

&

NNR377 N

Legend

MAJOR WATERSHED

0 1000 2,000 4,000 6,000 8,000
I T N Fcct
1"=2000"'

CITY OF SUFFOLK, VIRGINIA
STORM WATER MASTER PLAN

PHASE | - JAMES RIVER WATERSHED
STUDY AREA - PROPOSED IMPROVEMENTS

CN NO: N1955.2D
DATE: 12/12/08
DESIGN: JPP
DRAWN: KRH
REVIEW: RAS
REVISIONS:

NO. DATE DESCRIPTION BY

GIS-04

SHEET 4 OF 4



	Cover
	James River Watershed
	James River Watershed 11x17 figs
	GIS-01_James
	GIS-02_James
	GIS-03_James
	GIS-04_James


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




