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Executive Summary

Communities along th&ar, Neuse, Lumber, an@ashieRives have experienced major flooding events over the
past 25 yearsvith Hurricaned-ran (1996)Floyd (1999), and Matthew (2018l ranking among the most
destructive storms in state history. The majority of themagefrom these stormsvasdue pimarily toflooding

that resulted from thewidespread heavy rairsssociated with thesstorms.In response to Hurricane Matthew,
and the need to improve the resiliency of communities to flooding, Governor Cooper set in motion river basin
studies on the ar, Neuse, Lumbeand Cashie. The objectives of these studies were to (1) identify the primary
sources of flooding, and (2) identify and assess possible mitigation strategies to prevent future flood damage.
These studies were performed by the North Camdivision of Emergency Management, in partnership with
North Carolina Department of Transportation, and River Basin Advisory Committegseport provides
assessmerst of flooding sources, structural flood impact, and planning level mitigation stratéwi¢he Tar

River Basin.

Mitigation Strategiesand Scenarios

Twelvestrategiesfor flood mitigation were developed by North Carolina Emergency Management (NCEM) in
coordination with other agencies and stakeholders skltegiesare addressed in the body ofigreport and
appendices. Of thetrategies four were selected as the most viable awére investigated further during this

planning studyOf thefour broadstrategies a total of twelve scenarios were analyzed. The irssEigure ES.1

and Table ES.1 show these twelve scenarios along with location, costs, and benefits associated with each. Direct
losses include estimates of losses based on structural damage and loss of property and contents. Indirect losses
include estimats foritems such agemporary relocation, lost income and wages, lost sales, and lost rent.

As indicated on th&igure ES,Icertain scenarios are targeted for specific reacdlenag the river while others
provide a broader damage reduction. In particulRocky Mount Mill Dam Remov@cenaridl0) is focused in
Rocky Mountind the Tar River Flow Diversion (Scenaridslfigcused ofRocky Mount, Tarboro, and

Princeville New Detention Facilities (Scenariog 9) providevaryinglevels of benefit for diffeent communities
depending on the dams considered in the specific scenario. Elevation/Acquisition/Relocation (Scengrios 12
12-2, 123, and 124) can provide benefitto the most vulnerable structures withime four communities along
the Tar River mairiem that aresubject to the most severe floodjn(Rocky Mount, Tarboro, Princeville, and
Greenville)depending on how it is implemented.

Analysis and Findings

In order to provide a higlevel comparison of the mitigation scenarios analyzed, a serieblEfstaanking the
scenarios using different criteria apeovided.

A consideration for selecting which scenario to pursue furthémigslementation time.Table ES.2 shows the
strategies pursued and estimated timeframes for implementatiofhe shortest tim&ame is the elevation,
acquisition, relocation strategynat is estimated at 3 to 5 years. An elevation, acquisition, relocation effort is
currently underway following Hurricane Matthewand the initial funding awards for qualified properties were
received in April 2018Both the Tar River Flow Diversion and Rocky Mount Mill Dam Removal are anticipated to
take 510 years for implementation based on planning, design, permitting, and constru¢tmmew detention
facilities two types of impoundment were considered. A dry detention facility has no permanent pool and allows
the daily normal discharge for the stream to continue downstream unimpeded. It will only impound water
during a flooding eventvhere the flow is outside the banks of the river. A wet detention facility does have a









permanent pool. Implementation of a wet facility will likely require a longer timeframe sincpdhmaitting and
environmental impact consetations will be greater.

Mitigation Strategy Mitigation Scenario  Implementation Time
Elevation/Acquisition/Relocationy Scenario 12 ¢ 12-4 3to5 Years

Tar River Flow Diversion Scenario 11 5to 10 Years
Rocky Mount Mill Dam Remova Scenario 10 5t0 10 Years
New Dry Detention Facilities Scenarid, 5, 7, 8, 9 7 to 15 Years
NewWet Detention Facilities Scenario 12,4, 6 15to 30+ Years

Table ES.2Shortest Implementation Time (Top 5 Scenarios)

TableES.3 shows estimates of the number of buildings that will be removed from flood aisthe modeled
100year recurrence interval levelith the mitigation scenario implemented’hese top fiveteategies for total
building reduction include the elevationgguisition, and relocation option as well as four of the new detention
facility options. Three of these four detention options involve multiple dam sites.

Mitigation Strategy Mitigation Scenario Building Count Reductio
Elevation/Acquisition/Relocation Scenario 121, 12-3 1,727
New Detention Facilities Scenaridl 783
Elevation/Acquisition/Relocation Scenaridl2-2 546
New Detention Facilities Scenarid 532
New Detention Facilities Scenarid 402

Table ES.3Greatest Reduction in Impacted StructuréBop 5 Scenarios 100-year Recurrence Event

Table ES.4 shows the lowest cost mitigation scenatlust were investigatedOfthese, only Scenario 3 also
made the list for the top five for building count reductioWithin the list, Scenario 10 is the grdommunity
specific option.

While the elevation, acquisition, relocation strategy is not listed in this table, it should be noted that this
strategy is not a onshot allocation of funding, therefore implementation can be gradual based on available
funding and focus on the highest risk properties first.

Mitigation Strategy Mitigation Scenario 50-Year Cost
New Detention Facilities Scenarid $18,046,758
New Detention Facilities Scenarid® $28,985,543
Rocky Mount Mill Dam Remova Scenaridl0 $30,200,000
New Detention Facilities Scenaridb $33,439,321
New Detention Facilities Scenarid $47,032,301

Table ES.4: Lowest Cost to Implemémbp 5 Scenarios)

Tables ES.5 and ES.6 show the top 5 scenarios for highest direct losses avoided adddidienefit to cost
(BC) ratio Again it should be noted that for elevation, acquisition, and relocation the losses avoided and BC
ratio will be variable depending on how the stages of the program are implemented.
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Mitigation Strategy Mitigation Scenario 50-Year Benefit

Elevation/Acquisition/Relocation Scenario 12 $1,096,740,066

Elevation/Acquisition/Relocation Scenario 12 $993,788,598

Acquisition/Relocation Scenario 13 $415,608,127

Acquisition/Relocation Scenaridl2-4 $292,375,950

New Detention Facilities Scenaridl $94,928,040
Table ES.3dighestDirect Losses Avoided (Top 5 Scenarios)

Mitigation Strategy Mitigation Scenario  50-Year Benefit / Cost

Elevation/Acquisition/Relocation Scenario 12 3.42

New Detention Facilities Scenarid 217

Elevation/Acquisition/Relocation Scenario 2-1 2.05

Acquisition/Relocation Scenaridl2-4 175

New Detention Facilities Scenarid 1.43

Table ES.6: Highest Benefit to Cost R#fiop 5 Scenarios)

The percent flooddischargereductionalong the Tar River mainstetinat may be expected in each community
is shown in Table ESf@r eachof the mitigation scenariothat affect flow throughout the basirit is notable

that Scenario$, 4, 5, and 8 show slight discharge incread®edshe modeled 1068year recurrence interval for
Rocky Mount. As the associated detention structures are upstream of Rocky Mount, it would be expected that
dischargedor all analyzed flood eventsould be decreased throughout the city. The minor increadesgthe

Tar Riveare due tothe coarse nature of the modeling for this hitgvel planning studylf thesescenarios are
further pursued, more detailed analysiseds tobe performedthat includesthe design otlam outlet works and
modeingflow change locionsto better reflect the effects of detention on downstream dischargishould

also be noted that for Scenario 3 and 8, the discharges along Stony Creek in Rocky Mount are drastically
decreased leading to overall flood reductifam the communityalthough the discharges along the Tar River are
essentially unaffectedAlthough all detention scenarios affect Tarboro/Princeville and Greenville, it should be
noted that Scenarios 6, 7, and 9 have no effect on Rocky Mount from a flood reduction standpoint

Mitigation Strategy '\S/I(':tgztr'%n 383?{ II?;EZL?”; Greenville
New Detention Facilities Scenario 1 19% 12% 7%
New Detention Facilities Scenario 2 2% 8% 5%
New Detention Facilities Scenario 3 -0.2% 12% 7%
New DetentionFacilities Scenario 4 -1% 6% 3%
New Detention Facilities Scenario 5 -1% 6% 3%
New Detention Facilities Scenario 6 0% 5% 2%
New Detention Facilities Scenario 7 0% 5% 2%
New Detention Facilities Scenario 8 -0.2% 1% 2%
New Detention Facilities Scenarid® 0% 8% 4%
Tar River Flow Diversion Scenario 10 2% 6% -0.4%

Table ES.7: Community Flood Discharge Reduction Summaryy@@&0Recurrence Event)

Results on a community level basis for each of the mitigation scenarios investigated is useful for determining
which scenario performs best for an individual commuriligtailed flood damage estimates on a community
levelcan be found in Appendix@Commuity Specific Flood Damage Estimates.
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1. Background

Purpose, Scope, and Goals

On Saturday October 8, 2016 Hurricane Matthew made landfall near McClellanville, South Carolina and began
working its way up the South Carolina and North Carolina coastlines. The tropical moisture provided by the
storm interacted with a frontal boundary foroduce extreme rainfall over the eastern Piedmont and Coastal
Plain counties of North Carolina with some areas reporting as much as 18 inches of rainfall cheua 36

period. Record rainfall totals were seen in 17 counties in Eastern North Caroknaidéspread flooding that
resulted from this heavy rainfall caused extensive damage to homes and businesses through@arRiver

Basin. This type of rainfall event is not new to communities in Eastern North Carolina. Flooding from Hurricane
Fran (1999 and Hurricane Floyd (1999) are still fresh in the memories of many of the citizens throughout the
river basin.

Thescope and goals of this study ae follows:

f  Research the primary causes and magnitude of flooding in communities TratiBasin, speifically the
Town of LouisburgCity of Rocky Mount, the Town of Tarboro, the Town of Princeville, and the City of
Greenville.

f Calculate the impacts of flooding on built environment, living environment, and economies for multiple
flood frequencies includg the 10, 4-, 2, 1, 0.2, and 0.1percent annual chance events

f Identify and assess mitigation strategies that will reduce the impacts of the flooding
f Assess short and lortgrm benefits to costs of these mitigation strategies

f Provide potential soliions that protect the communiésfrom damaging flooding, areost effective,
and offer ancillary benefits to the communities.

This will be accomplished using the following study methodology:

Perform Trend
Analyses

* Population, Land Cover,
Climate

Research Basin Profile

Evaluate Mitigation
Project Performance

+ Benefits
« Costs

Develop Mitigation
Project Options

Create Baseline

Modeling

« Calibrate / Validate to
Matthew

« Model Additional Flood
Severities

Calculate Impacts

+ Building Level Damages
« Roadway Overtopping
Susceptibility



The following partners were involved to help gain valuabpait and feedback as well as communicate results:
NC Department of Public Safety (NC DfSpergency Management

NC Department of Transportation (NCDOT)

Impacted County Governments and Municipalities

US Army Corps of Engineers (USACE)

NC Department o€ommerce

NC Department of Agriculture and Consumer Services

= —. _—a _—a _a _a _2

Engaged Stakeholders and Nerofits
f Congressional and Legislative Representatives

As a part of this study, public meetings were held to keep stakeholders informed on progress of the analysis as
well as receive feedback to incorporate into the analysis or the reporting as appropriate. Three meetings were
held at the State Emergency Operations Center in Raleigh, NC. The first meeting occurred on February 26th,
2018 and topics covered included scogeals, baseline analysis, baseline damage results, the mitigation

options to be investigated, and a discussion of the next steps for the project. At the second meeting on April
10th, 2018 the results of the analyses were reviewed including benefit/cestteeand discussion on approach

and methodology for each of the mitigation scenarios explored. Feedback was solicited at both of these first two
meetings and some additional analysis was performed as a result. The final meeting occurred on April 25th,
2018 where discussion focused on a review of the study, including new and revised analysis since meeting 2, and
a comparative analysis of the different scenarios explored. Feedback was once again requested and relevant
comments from stakeholders and commuagifrom all three meetings have been incorporated into the final

report document.

The scope of this study is analysis of flooding on the mainstem dfdhRiver.Several large tributaries,
including Fishing Creek, Little Fishing Creek, Stony CreekC8ekt, Deep Creek, and Town Craekalso
includedin this studyas well



2. Basin Profile

Description of Basin

Geography Topography and Hydrography The TaiPamlico River Basin is the fourth largest river basin in
North Carolina and one of just fotiver basins that are entirely within the state. The-Pamlico River Basin
drains approximately 5,570 square miles. The headwaters of the TardreviEermedby a freshwater spring

east of the Town of Roxboin Person County. The Tar Riggetches over 400 stream miles downstream to
the City of Washington in Beaufort County. From that point,@hetriver name changes to Pamlico and is
coastally influenced. The study area for this flood analysis includes the Tar River and its tallaaristream

to the City of Greenville in Pitt County. Figdrg below depicts the entire Tdamlico River Basin as well as the
area of study. For the duration of this repditie term Tar Basin refers the blue study area outlined below.

Pérson ~Warren
Vance

Granville

Halifax:

Edgecombe

Martin Washington

Wilsen

Beaufort Hyde

Legend Pamlico

Streams

Tar-Pamlico Basin
Counties

Tar Basin Study Area

Figure2-1: TarPamlico River Basin

Elevations in th&arBasin range from approximateR0O0feet at the headwaters in Person County to sea level as
the river opens into the Pamlico Soundn interesting topographitransition occurs in Granville County where

the riverenters a much narrower vallayith a rocky channel bottorbefore reaclngflatter topographywith

more meandering of the rivaandincreased sand, silt, and clapownstream of Tarboro to Pitt County, the

river is straighter due to efforts by the federal government in the 1800s to straighten and deepen the channel to
improve transportation.A key geographic feature within the basin that impacts the natuthefloodplain is

the fall line The fall line separates the rolling hills and eroded valleys of the piedmont from the rolling sand hills
and flatter land of the coastal plaiAs theTarRver moves east of the fall lirbe dramatic flattening in the



slope ofthe river is reflected by a significant widening of the floodplsifithin the TarBasin study area, the fall
line occurs roughly along the county boundaries between Franklin and AlagiWarren and Halifax counties

The fall line separates the reddistayey soils of the piedmont from the darker and sandier loams found in the
coastal plain that formed as a result of wave action and deposits left by the advancing and retreating Atlantic
Ocean throughout the year$he different soils in these regions rétsn a difference in direct runoff

experienced in the piedmont region and the coastal pleigure2-2 shows the delineation of the hydrographic
regions in theTar Bisin based on the tited States Geological SurveyS@E$wSLI2li daSik2Ra 121 9aitY Iity3

the Magnitude and Frequency of Floods for Urban and Small Rural Streams in Georgia, South Carolina, and
b20iK /12ty11 Hammér TSI (2GR (KS KSIRGI-iSHE IS ty" KERI2INILIKIO ISTi2y'm (Ridge and ValleRiedmont)

while areas to the east are in region 4 (QaéPRlain).

Legend Edgecombe

Streams

[ var Basin study Area
Counties

Hydrologic Region
[ Region 4
[ Region 1

Figure2-2: Hydrologic Regions in the Tar Basin

Thegraph in Figur@-3 illustratesthat there is a substantial difference in discharges based on hydrographic
region. This is primarily due to the nature of the soils.
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Figure2-3: Relationship of Discharge to Drainage Area for RegresBiegions 1 and 4

Key Citieg; The Tar Basin study area encompasses all or part of 11 counties ammbg¥ratedcommunities.
The population centers ithe study area as well as the key cities for this studyliated in Table-1.

Community Population 2015)

Greenville 70,038
Rocky Mount 45,629
Henderson 12,552
Tarboro 7,021
Oxford 5,063
Nashville 2,701
Red Oak 2,653
Dortches 1,410
Princeville 1,382
Louisburg 471

Table2-1: Population ofKey Citieswithin the Study Area

Rivers and Streams Figure2-4 depicts the major streams located within the study ardable 22 liststhe
major streams in the watershed and their associated contributing drainage area.



Tar River

Raleigh Knightdale

Figure2-4: Major Streams within Tar Basin

Watershed Contributing Watershed Contributing
Area (sqg. mi.) Area (sg. mi.
Town Creek 200 Conetoe Creek 108
Deep Creek 103 Fishing Creek 792
Swift Creek 273 Stony Creek 117
Beech Swamp 175 Tar River 2,742

Table2-2: Key Streams Contributing to the Tar River

Key Infrastructureq The Town of Princeville is provided flood protection by a levee built by the Corps of
Engineers in 1967. Since the construction of the leffeed risk withinthe Town of Princeville hdseen
reduced. Significant flooding within the town has only ocedtwice since construction of the leveeuring
Hurricanes Floyd (1999) and Matthew (801 In550SY 65l 2F namp! (KS /21L& 2F 9y3lySSia RSFSE2LISR I 4Ct22R
wial aly1-3SY Syl LyiSNI-iSR CSI-aioniie wSLi2Wi 1yR oyBli2yY Sylil- 133538y Syié 121l tiy0SaitiSe ¢KS llieport
provided many recommended countermeasures to further reduce flood risk within the t@mgoing studies
are evaluating the recommended countermeasures for potential implementation.

The Tar River Reservoir was completed in 1971 following a sexarght in 1968The eservoir is located on

the Tar River just upstream of Rocky Mount. The purpose of the reservoir is to provide drinking water for the
City of Rocky Mountand gproximately 3.3 billion gallons of usable water are stored in the regseritie
associated water treatment plant serves as the peaking plant for the City (the Sunset Avenue Plant further
downstream serves as the lead plant). The dam is not desjgredded, or operatedto provide flood control.
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Ecology TheTarBasin facs a range of environmental challenges, many of which are discussed in detail in the
aHnl4 TarPamlico River Basin Water ResourcesdRAAS{2LISR 68 (KS b/ 5SLIMIGY Syl 27 9yBiizyY Syl I'yR

Natural Resources Division of Water Quality itn4d his report is aailable for download at the following web
addresshttps://deq.nc.govimap-page/tar-pamlicoriver-basin

In the report,agriculture is noted as a major component of the industry within the Tar Bakinpoint source

runoff associated with agriculturisidentified as the primary source contributing $tream degradationThe

report notes thatthe TarPamlico basin was classified as nutrient sensitive waters (NSW) in l&&Sponse to

the NSW classification and to address nutrient loading to the Pasbtood, he TarPamlico Agricultural

Nutrient Control Strategy Rule and Law became effective in September in 2001. The rule provides a collective
strategy for farmers to meet 30%tal nitrogen load reduction and nimcreasen total phosphorus lad. North
/Hi2tly11a 5idiai2y 21 21451 wSa2di054 (DWR)performed trend analyses and used nutrient loading estimation
tools to assess progress towards meeting the NSW strategy goals. The results of the fanalg st the 30%
reduction in total nitrogen hanot been met and the total phosphorus load has increased.

It is noted thatthe reportstates that efforts to reduce nitrogen from several sources have been very successful.
It continues by noting thateductions in nutrient loading are likely neededareas that were not covered by the
initial set of management ruledDWR continues to work towards identifying opportunities to develop a better
understanding of the nutrient dynamics of the JRamlico basin.

In addition to water quality concerns, attention needs to be focused on the many rare plants and animals that
reside in the Tar River Basin. Within the Tar BasinFishing Creek and Swift Creek tributahiagethe highest
biological divery with several vulnerable species on a list of Species of Greatest Conservation Needed (SGCN)
supplied byDWR Of these species, the greatest concern may be the endangered Tar River SpinyRiggse|
2-5)and a fish, he threatened Carolina Madtom,
as they are endemic species to North Carolina.
Eight other mussels located in these creeks are
listed as a SG¢cause ofensitivty to changes
in water quality.The Fishing Creek siasin is
noted as the most important ¢ubasin in North
Carolina for the Federally Endangered dwarf
wedgemusselBesides competition with invasive
species, sedimentation, nutrient loading, and
increased insolation from reduced tree canopy a
the major factors affecting aquatic organisms in
the Tar Basin tributaries.

Figure2-5: The Tar River Spinymussel

Despite challenges with vulnerable species, the

North Carolina Department of Environmental Quality (NCDEQ) along with many conservation organizations
continue to monitor, research, and manage the Tar Basin. Théasibs of SwifSandy Creek, Fishing Creek,

and smaller streams in the headwaters of the Tar Basin are of most concern to the NCDEQ. The Swift/Sandy
Creek is classified as an Outstanding Resource Waters (ORW) Special Management Stratiegyté\itsa

excellent water quality conditions (Figu2e6). The headwaters of the Tar River are also a concern as several
areas are susceptible to future development where smaller streams may be impacted. Current impaired streams
and bioclass data of the @st recent macroinvertebrate sampling for the entire Tar Basin are shown in Rigure

6.
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Figure2-6: Tar River Basin Water Quality

Diverse tree species are found across the Tar Basin. Closer to the heelinahe piedmont region the forests
include white oak, southern red oak, post oak, mockernut hickory, pignut hickory, shortleaf pine, and loblolly
pine. Upper portions of the coastal plaire dominatedoy longleafpine as well as thpreviously mentioed

oak and hickory speciegurther downstreamin the coastal plain below Rocky Mount, forests elnaracterized

by bottomland hardwood withrswamp chestnut oak, cherrybark oak, laurel oak, water oak, willow oak,
sweetgum, green ash, shagbark hickorjtelbhut hickory, water hickory, andmerican elm. River swamp
forests characterized by the presence of bald cypress and water tupekisamgresent.

Demographics

Growth Rateg As of 2015 census estimateqmoximately360,000people live in the TarRiver basin Table2-3
shows intermediate and sheterm population changes for communities in the study area. Although
intermediate term growth rates for several urbanized areas are significant, short term growth across the study
area has been minimalThe study area has been growing at roughly half the rate of the state of North Carolina.



Community Population Population Population Percent Change Percent Change
(1990) (2010) (2015) (1990- 2015) (2010- 2015)

Greenville 45,681 67,418 70,038 53% 4%
Rocky Mount 48,913 46,532 45,629 1% -2%
Henderson 13,724 13,007 12,552 -9% -3%
Tarboro 7,100 7,162 7,021 -1% -2%
Oxford 5,099 4,979 5,063 -1% 2%
Nashville 1,918 2,712 2,701 41% 0%
Red Oak 1,555 2,605 2,653 71% 2%
Dortches 1,054 1,513 1,410 34% 1%
Princeville 1409 1,313 1,382 -2% 5%
Louisburg 465 486 471 1% -3%
Tar Basin Study Are 296,644 362,339 364,755 23% 1%
North Carolina 6,628,638 9,535,483 9,845,333 49% 3%

Table2-3: Intermediate and ShorTerm Population Change in the Tar Basin Study Area

Population Profileg¢ Demographics for the populations iftdgecombe, Franklin, Halifax, Nash, Pitt, and Warren
Counties are shown in Talite4. These statistics were taken from the Resilient RedevelopmansRRRPSs) that
were developed for each county following Hurricane Matthew as part of the North Carolina Resilient
Redevelopment Planning initiative adopted by the North Carolina General Assembly in December 2016.
Additional details on county demographican be found in the RRPs for each of these countibh are
includedas AppendixB of this report.

Ethnicity Economic Housing

Below Median Owner /

Poverty Household Zero Car Renter Median
County White Black Other Line Income  Households Occupied Value
(E:gﬂre]f;mbe 40 | 38.8%| 56.5%| 4.70% | 26% | $35,000 12% | 60%/40%| $82,000
Franklin
County 40 67.0%/| 26.0%| 7.00% 16% $50,000 7% 74%/25%| $129,500
Halifax
County 42 40.0%| 52.0%| 8.00% 26% $36,418 13% 63%/37%| $86,000
ggzzw 41 54.4%| 38.2%| 7.40% 19% $47,200 8% 64%)/36%| $118,600
(P:Icttunty 31 59.0%| 34.0%| 7.00% 25% $50,000 8% 53%/47%| $135,000
Warren
County 46 51.0% /| 39.0%| 10.00%| 24% $39,000 10% 70%/30%| $96,400
North
Carolina 42 69.5%| 21.5%| 9.0% 17% $ 53,000 7% 65%35% | $140,000

Table2-4: Demographic Data for Counties in the Tar River Basin Study Al

Economic / Industry Profile According tdJS Census Bureau data, there are nehtB§420jobs within theTar
River Basin. The most prominent employment sectors withirTiae@Sli . I-dly” IS a9Rd01-i2y I-yR 1SIiK
{S1310S38 0ng = | T22&SR 68 GeI-RST eNl-yaL2Ui-iI2yE IyR 1 ifiiSae omgz 0 IiyR aManufacturing M4%). The




aY ISl Sy Lit2eY Syt aS0021& 1S ab1-idzil-£ wSa2dz1053 IyR alyly3é 623 i alyF20Y 1-ii2yE 622 U I'yR GFinancial
Activitieg 63%). Figur@-7 provides an employment profile for the studied portion of the river basin.

. . Employment Sector #t of Workers
Tar River Basin

Matural Resources and 2,647
2% Mining
% Construction 5,861
11% Manufacturing 18,284
Trade, Transportation, 25,569
and Utilities
Information 2,470
Financial Activities 3,624
St Professional and Business 12,320
Service
Education and Health 39,336
Services
Leisure and Hospitality 14,307
m Matural Resources and Mining n Construction Other 9,001
n Manufacturing » Trade, Transportation, and Utilities Total lobs 133,420
n Information » Financial Activities

Professional and Business Senvice Education and Health Services

Leisure and Hospitality Other

Figure2-7: Tar River Basin Employment Sexgo

The employment density of th€arRiver Basin was assessed by mapping the US Census Bureau dataset at the
census block level. As shown in Fige4#& blocks with higher employment densities are illustrated by areas of
darker green. Conversely, blockgiwiower employment densities are noted by lighter green. Within Tiae

wigSU - I-alyI SY'Lit28Y Syl RSyalie 1a kS JuSI-iSai y LINENY i (2 (KS ol-aiyna didl-y HISI Y ayi0iLil-6insa 27

Greenville, Rocky Mount, and Hendersémaddition,there are regions of higlr employment density i®xford

and Tarboro
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VIRGINIA
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Less than 50
50 to 200
201 to 1,000

[ 1,001 to 4,500
- More than 4,500
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N

A
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Wilson

Source: US Census Bureau, LODES 7.3 Goldsboro Esri, HERE, DeLorme, MapmylIndia, © OpenStreetMap contributors, and the GIS user community

Figure2-8: Employment Density in the Tar River Basin Study Area
A more detailed summary of employment data is providedjppendixC TarBasin Employment Data Analysis.

Land Cover and DevelopmentLand cover in th&arBasin was assessed using the 2011 National Land Cover
Dataset (NLCD) compiled by the Miesolution Land Characteristics Consortitiaible2-5 lists the types of
land cower classified in the NLCD:

Class Value Classification Description \ Class Value Classification Description
%8 Open Water Dwarf Scrub
W8 Perennial Ice/Snow Shrub/Scrub
A8 Developed, Open Space Grassland/Herbaceous
v Developed, Low Intensity Sedge/Herbaceous
vl Developed, Medium Intensity Lichens
28 Developed High Intensity Moss
Barren <J8 Barren Land (Rock/Sand/ClafigEQ N Pasture/Hay
%8 Deciduous Forest Cultivated Cultivated Crops
Forest “¥A Evergreen Forest Woody Wetlands
ZZ&fl Mixed Forest Emergent Herbaceous Wetlands

Shrubland

Water

Herbaceous

Developed

Wetlands

Table2-5: NLCD Land Cover Classifications
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Previous versions of the NLCD from 2001 and 2006 were also analagd. 26 presentshanges in landover
across the Tar Basin study area from the various datasets.

Tar Basin Landcover

Landcover 2001 2006

Developed 8.1% 8.3% 8.5%
Forest 40.8% 39.6% 38.4%
Water/Wetlands 12.8% 12.7% 12.8%
Crops 18.4% 18.6% 18.2%
Pasture 10.7% 10.2% 9.9%
Grassland/Scrub 8.6% 9.9% 11.6%
Total 99% 99% 99%
Impervious 1.4% 1.5% 1.5%

Table2-6: Land Cover Trends the Tar Basin

Overall changes in larmbver across the Tar Basin have been minimal. There has been a slight increase in
developed area that coincides with reductions in forest, crops, and pasture.

Land cover classified as developedhe NLCD datas@tasused to determine the percentage of developed land
for different areas in th@arBasin. Figur@-9 shows that the most developed areas are in the areas of greatest

population density irthe Rocky Mount and Greenville asea
Tar River Basin |
Percent Developed |

| Legend
County
Developed Area 2011 &
<5.0%
I 5.0% - 15.0%
B 15% - 25%
S I 25% - 35%
I >35%

Figure2-9: Percent Developed Area in Tar Basin Study Area
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Table 27 shows tle changes in developed area for communitigth the highest percentage of development,
according to the NLCD dataset. As shown in the taideeases in deeloped area have been minayen in the
most developed portions of the Tar River basin

Percent Developed \
Community 2001 2006 2011 \

Greenville 9.9%| 11.4%| 12.0%
Henderson 3.8% 3.9%| 3.9%
Rocky Mount 12.1%| 12.8%| 13.1%
Tarboro 2.5% 2.6%| 2.7%

Table2-7: Changes in Percent Developed for Tar Basin Communities

Rainfall and Streamflow Data

Rainfall¢ Average annual rainfall in the Tar River basin ranges from 37.5 inches to 41.5 inches with the larger
totals occurring in the eastern portion of the basin. FigtH) shows the average annual rainfall for the basin
for the period between 1980 and 20Hegcording to data collected by the PRISM Climate Group.

N

M@.E

Northampton 5

Hertford

Bertie

Durham

Edgecombe Martin

chnam | Average Rainfall (in.)
] a7-38
[ Jss-39
[ ]39-40
[ 4041
;Enhatham_‘h B 4« hnston

VWayne
Harnett

Figure2-10: Average Annual Rainfall for the Tar River Basin

Wilson Beaufort

Greene

Beaufort
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To characterize a flooding event, the point frequency rainfall depth is used. Estimates for these values for
different locations within the Tar River basin can be acquired from the National Ocean and Atmospheric
Administration (NOAA) Atlas 14 Volume 2 @iidfte 7i2Y bh 1 103 tiSOLMiI-ii2y CiSIjizSy0e SI-il- {Sugsu 1
https://hdsc.nws.noaa.gov/hdsc/pfdsiTable2-8 lists rainfall depth frequencies for a 2vur period at different
locations in the basin. Imhe full report these statistics are available for time periods ranging from 5 minutes to
60 days.

Average Recurrence Interval (Depths in Inches) \

Community  2-Yr \ 10-Yr \ 25-Yr \ 50-Yr  100-Yr \ 500-Yr 1000-Yr \
Dortches 3.33 | 5.12 6.39 7.50 8.74 12.30
CEICEENYIEN 3.79 | 5.85 7.28 8.52 9.90 13.80 15.80
WOIUTEolV[(of 3.50 | 5.13 6.14 6.96 7.82 9.98 11.0
Nashville 3.24 | 4.98 6.21 7.27 8.47 11.90 13.60
eI 3.43 | 5.32 6.67 7.86 9.20 13.10 15.10
FEOROEUGN 3.30 | 5.07 6.32 7.40 8.61 12.10 13.90
ROIYAe]0[gld 3.40 | 5.25 6.57 7.72 9.02 12.80 14.70
Speed 3.46 | 5.35 6.70 7.89 9.23 13.10 15.10

Tarboro 3.42 | 5.30 6.65 7.84 9.18 13.00 15.10
Table2-8: Precipitation Frequency Depth Estimates for aBAStorm

The temporal distribution of rainfall for a storm even can have an impact on the flooding response. A storm with
a steady rain throughout the storm will result in a different flooding response than a storm where the majority
of the rainfall is concentratethto a small portion of the overall length of the storFigure2-11 shows a

temporal distribution for a second quartile 2¥bur duration storm. This figure is adopted from Atlas 14 Volume

2.

100 —
L~ - -
- M77zz777iM
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N 1495494
Y r .
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E 70 7 I"f,i" ~— /m'«.
a 80 / .?Jm:‘
= A
ﬂL_ 50 r'a’m .
m 10% !&‘,“'
-EI. 40 .I.F.l_' J"
l_
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sy
10 4
0 !
0 25 50 75 100
Percent of Duration

Figure2-11: Temporal Distribution for a 2nd Quartile 2hr Storm
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https://hdsc.nws.noaa.gov/hdsc/pfds/

TheNationalWeather Service (NWSQperates a network of rainfall gages across North Carolina, the majority of
which are part of thedooperative Observer Program (CO@Etwork. COOP network gagesNorth Carolina

have some of the longest periods of rainfaitordsin the State, including several with records in exces06f

years TheState Climate Office of North Caroli(&CO) compiles and archives records from more than 37,000
North Carolinaveather sites, including those in the COOP network, in the North Carolina Climate Retrieval and
Observations Network of the Southeast (CRONOS) Database. The SCO compiled monthly rainfall records from
ninelong term rainfall gages in and adjacent to the Tar RBasin for use in this study. The gage name,

identifying number, period of record, and other characteristics for th@se rainfall gages are shown in Talde

9. The locations of thesaine rainfall gages in relation to the Tar River Basin are showigime?-12.

Period of

Elevation
Record

(feet
Longitude above
meansea

RainfallGage Location and  River (partial or
County

Number Basin missing
years

included)

Warren 19312017 | 36.2911 | -77.9822

Arcola (310241)

Greenville (313638) Tar Pitt 19142017 | 35.6400 | -77.3983 | 32

Tar Franklin 18932017 | 36.1028 | -78.3039 | 260

Rocky Mount (317395) Tar Nash 19052017 | 35.9519 | -77.8183 | 130

Rocky Mt 8 ESE (317400) REY Edgecombe 19152017 | 35.8936 | -77.6806 | 110

Roxboro 7 ESE (317516) REY Person 18932017 | 36.3464 | -78.8858 | 710

Tarboro 1 S (318500)

Louisburg (315123) ‘
Tar Edgecombe 18932017 | 35.8847 | -77.5386 | 35

Washington WWTP 4W Tar Beaufort 35.5553 | -77.0722 | 10
19032017
(319100)

Wilson 3 SW (319476) Tar Wilson 19172017 | 35.6939 | -77.9456 | 110

Table2-9: Long Term Rain Gages in the vicinity of the Tar B&sirdy Area

Stream Gagesg The USGS currently maintains 17 active stream gages in the Tar River basin study area. Of these,
15 record discharge or stage datgigure2-13 provdes the location of active gages in the Tar Basin.
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Figure2-12: Location of Long Term Rain Gages around the Tar Basin Study Area

Legend

@ Active Stream Gages
—— Streams
| County
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Figure2-13: Location of Active USGS Gages for Tar River Basin
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Major floods along the Tar River occur moften in association with hurricanes or tropical storfable2-10
shows the floods of record for the Tar River in order of magnitudeatralactive gaging stationroughout
the Tar River BasirAs seen in the table, the flooding associated withridane Floyd in September of 1999

serves as the flood of record for Rocky Mount, Louisburg, Tarboro, and Greenville.

Gage Station

Rocky Mount, NC
02082585

Louisburg, NC
02081747

Hilliardston, NC
02082770

Enfield, NC
02083000

Greenville, NC
(o)2{0]7:10]0]0]

Tarboro, NC
02083500

Trend Analysis

Location and USG  Known

Contributing | _Peak Years of
: Date -, Peak Stage (ft. Discharge
Magnitude Area (sg. mi.) (cfs) Record
1 17-Sep99 925 31.66 34,100
2 9-Oct16 925 28.73 23,200 19762017
3 12-Sep96 925 25.88 15,100
4 16-Jur06 925 24.69 13,400
1 17-Sep99 427 26.05 23,700
2 6-Sep96 427 25.34 21,100 19632017
3 20-Mar-98 427 24.62 19,400
4 10-Oct16 427 23.25 14,200
1 17-Sep99 166 21.3 23,000
2 25-Jut00 166 15.25 6,180 19632017
3 9-Oct16 166 15.34 6,180
4 5-Jun79 166 14.27 6,030
1 18-Sep99 526 21.65 39,000
2 24-Jutl19 526 19.6 20,300 19232017
3 11-Oct16 526 19.73 15,000
4 2-Dec34 526 17.66 12,600
1 21-Sep99 2660 29.72 73,000
2 28-Jutl19 2660 24.5 46,500 19972017
3 14-Oct16 2660 24.46 46,200
4 22-Aug40 2660 22.07 36,500
1 19-Sep99 2183 41.51 70,600
2 27-Jutl9 2183 34 52,800 1896-1900,
3 12-Oct-16 2183 36.29 41,700 19312017
4 4-Oct24 2183 33.5 39,800

Table2-10: Floods of Record on the Tar River from available USGS Gage Data

Population and Land Use TrendsAs noted in the discussion of demograptacslin Table2-3, while several
communities in theTarRiverBasinhaveexperiencedntermediate poplation growth, short term growth has

been minimal.To analyze population growth across the entire Tar Basin study area (including unincorporated
areas), a spatial representatiaf population growth from 2000 to 201®Was developedwhichcan be sep

belowin Figure2-14.

As shown in the figure, population growtias beergreatest around the City of Greenvide well agn the
northwest portion of the basin adjacent to the more populous Neuse River basin. Portions of Edgecombe and
Halifax Countiesdveexperienced notabl@opulation decline during the period analyzed.
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; Tar River Basin | g
| Population Growth (%) [
From 2000 to 2010

| Legend
County
1 Population 2000 to 2010
| Change (%)
B <-10%
[ -10% - 0%
0-10%

I > 10%

Figure2-14: Percent Change in Population (192010)

A similar patterrof growthanddeclinecan be seen in land useross the basirFigure2-15 showshe change

in developed area as defined by the NLdaifaset.The figure depicts the greatest increase in developed area
occurringaround the City oGGreenville areand thenorthwest portion of the basinlt is notable thatincreasel
developed area around Rocky Moumés observed while thpopulation hashown a slight decline.
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| Legend
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o 025% - 1%
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Figure2-15: Change in Developed Land in the Tar River Basin (20111)

Hydrologic Trend Analysis Giventhe increases in population and development in the upper portion of the Tar
River Basin, along with the occurrence of other extreme flood events in the 20 years prior to Hurricane Matthew
(Hurricane Fran in September 1996 and Hurricane Floyd in Septe@®@Y), 1t is reasonable to review the

hydrology of the Tar River Basin to determine if there is a potential increasing trend in flooding. Flooding is the
result of extreme stream discharge, which in turn results from extreme rainfall. The relation betteams
discharge and rainfall is dependent on the conditions of the basin, including land use and land cover as well as
the antecedent moisture conditions in the basin, which can vary with time. Stream discharge and rainfall are
natural processes and as $ucave large variations in magnitude from year to year. The large variance in the
discharge and rainfall data can make trends in the observed records difficult to detect data. In order to review
the data for trends, statistical methods can be used to aotdéar the natural variation in the data.

Several statistical methods are typically used to detect trends in time series data. One of the common methods
used to test for trends in time series data is the Mdfendall test. The ManKendall test uses KRI-f il ot)
as the test statistic to detect and measure the strength of any increasing or decreasing relation between
observed hydrologic data and time. The Makendall test is the recommended test for trends in annual peak
126 RI-I- ly aDiIRSHySE 12r Determining Flood Flow Frequengy dztSiity mT/¢I RSASE2LISR 68 (KS 1RgIE21e
Committee on Water Information (USGS, 2018) as the guidelines for use by Federal agencies in performing
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flood-flow frequency analyses to determine annual chance of exceedanmeasfdischarges for use in flood risk
management and flood damage abatement programs. Trend testing is a key step prior to performinitpilood
frequency analyses in order to ensure that the peak flow data used in the analyses does not exhibit time
depencent trends that would violate the assumptions of stationarity and homogeneity that are required for the
flow frequency analytical methods.

An important characteristic of the MarAtendall test is thait is nonparametricineaning the testloes not

require that the observed data fit any specific statistical distribution. The Kehdtdkistic is nonparametric

because it is calculated using the ranked values of the observed data rather than the actual data values. Positive
values for Kendati indicate thatthe observed data are increasing with time for the period of record while

negative values df indicate that the observed data are decreasing with time for the period of record.

The statistical significance of the Ma#endall trend test, like other statisal tests, is represented by the p

value that is calculated for the test. The null hypothesis tested by the Nkamalall trend test is that there is no
trend. The null hypothesis is accepted (or technically, not rejected), confirming the absence offtthad
computed pvalue is greater than selected significance level. A significance level of 0.05 or 5% is used for this
investigation, such that for-galues greater than 0.05, the probability that that the null hypothesis of no trend
detected in the d&a is equal to (1.000.05) or 95%. In addition to the statistical significance of a trend, the
actual magnitude of the trend should be considered. The 3wl slope (Helsel and Hirsch, 1992) was
01-€0dzE1-0SR hy 02yeizyOiii2y @il YSyRIHfE t for this invesigation to quantify the magnitude of change in the data
over the period of record.

Rainfall Trend Analysis Asnoted above there arainerainfall gages with long term record available in or
adjacent to the Tar River Basin. Monthly rainfall data from these gages was obtained from the ,M@dSCO

annual rainfall totals for the period of record were compiled. In several cases, there were or@e missing

months for a given year in the rainfall record. The annual totals for these incomplete years were not included in
the analyses.

The annual rainfall totals for each rainfall gage were plotted versus time and the linear regression of rainfall
depth to time was computed using ordinary least squares regression. In addition, theéadall trend test
was performed for the annual rainfall totals for each rainfall gage and the-$hniklope was computed as a
measure of the magnitude of trendh& null hypothesis of no trend was accepted (not rejectedigint of the
ninerainfall gages. The no trend hypothesis was rejected at Greenville (3136383 skight upward trend of
0.06 inches per yearSample plots of rainfall depth versus yearttoe Rocky Mount and Greenville gages are
shown as Figurez16 and 217. Additionalplotsfor the trend analysiat the remaining gages can be found in
AppendixD - Rainfall and Discharge Trend Analysis
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Results of the rainfall trend analysis for all analyzed gages in the Tar Basin studsedre@iable2-11.

Kendall PrVALUE SLOPE Years ol Stfatl;t!cally
Significant Comment

(inches/year Record Trend?

Period of Record (Significance

TAU

Test)
1931-47; 1957-88; 199
Arcola (310241) 2003; 2005-06; 2008{ 0.046 0.586 0.018 68 No
12;2013; 2015

1905-08, 1911-16; 191
Rocky Mount (317395) | 88;1992-2000; 2002{ 0.006 0.925 0.001 103 No
2010; 2013; 2015-17

Rocky Mt 8 Ese (317400)  1915-2017 0.052 0.438 0.021 103 No

1893; 1896-1998; 200 59 0.332 -0.019 122 No
2017
1914-39; 1949-60; 194
Greenville (313638) 70; 1972;1974-83;| 0.140 0.049 0.063 91 Yes
1985-2017

Tarboro 1 S (318500)

slight upward trend

detected at averags
increase of 0.06
inches per year

1893; 1895-1924; 192
Louisburg (315123) 1976;1979-1981; 198] -0.009 0.884 -0.002 117 No
2014
1893-1897, 1901-190%
1927-1947;1949-196
Roxboro (317516) 1963-1989; 1991-1994 0.030 0.678 0.010 92 No
2000, 2002-2005; 200
2017

1903-06; 1921, 1938
Washington (319100) |1947;1949-1998; 200( 0.074 0.351 0.038 74 No
2003; 2005-2017
1917;1937-71; 19744
Wilson 3 Sw (319476) | 94;1996-2003; 2005{ 0.094 0.221 0.045 79 No
2017

Table2-11: Rainfall Trend Analysis Results

StreamDischargelrend Analysis There arel7 active USGS stream gages in the Tar River Basin, including

River near Tar River, Tar RiveLatisburg, Tar River at Rocky Mount, and Tar River at Tattiairall have
recorddating back to at least the 19708he annual peak discharge recorddaht stream gages were obtained

from the USG&nd the annual peak discharges for each stream gage plotted versus time. The linear

regression of peak discharge to time was computed using ordinary least squares regression. In addition, the
Mann-Kendall trend test was performed for the annual peak discharges for each stream gage and HSeitheil
slope was computed as a measure of the magnitude of trend. The null hypothesis of no trend was accepted (not
rejected) atsevenof the eightgagesanalyzed Table2-12).
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USGS No. of Statistically

Gage Streamgage name Peak Kendalls p-value Median Slope Slelallile=1g]s Comment
Number Records Tau (cfsiyearn) trend?
02081500 Tar River near Tar River, NC 77 0.01 0.909 2.12 NO
02081747 Tar River at Louisburg, NC| 53 0.12 0.228 31.64 NO
02082585 | Tar River at Rocky Mount, NC 40 -0.03 0.807 -12.35 NO
02082770 [ Swift Creek at Hilliardston, NC 53 0.05 0.570 5.14 NO
02083000 | Fishing Creek Near Enfield, NC 102 -0.03 0.705 -3.12 NO
02083500 Tar River at Tarboro, NC 115 -0.04 0.544 -9.72 NO
slight downward
02083800 | Conetoe Creek near Bethel, NC 44 -0.218 | 0.038 -8.056 Yes e e
average decreass
of 8.05 cfs per yeq
02083000 Tar River at Greenville, NC 19 -0.27 0.115 -350.00 NO

Table2-12: Stream Discharge Trend Anais Results

Additional data and plots for all the discharge trend analysis can be fiou\ppendix D.

It is important to note that the MamiKendall test for Conetoe Creek near Bethel excluded the Hurricane Floyd
event as a high outlierlf Floyd was included the trend test results would indidhie trend is not statistically
significant.In addition, the trend test for Tar River at Rocky Mount excluded the Hurricane Matthew event due
to itsoccurrenceat the end of the datasewhich canskew the test. Inclusion of the Matthew event at the

Rocky Mount gage does not change the results of there not being a statistically significant trend.

Based on results of the stream discharge trend analysis performed as part of this study, theseaisstioally
significant trend of increasing peak discharges along the Tar Rimgulation growth and corresponding

increases in development have been shown historically to increase peak discharges on smaller streams
However,in a large basin such #% Tar,having over 91% of the basimdeveloped far outweighs the

developed and impervious area. This likely leads to a neutralizing of the influence of the development and
corresponding lack of evidence for a trend. Additionally, flood timing is admapanent to peak discharge

during a flood, so if development is leading to an increase in runoff volume per unit area for the basin, that
increased volume may not contribute to the peak discharge for reasons of flood wave timing on tributaries,
spatial disribution of rainfall depth, direction of movement of the storm, or many other factors. Finally, much of
the development in the basin is taking place in the piedmont area where soils naturally have more direct runoff
during a rainfall event. While develommt will lead to higher runoff rates, the percentage increase of runoff due
to development in the piedmont is not as dramatic as it would be in the coastal plain where infiltration rates are
higher. This may also be a factor in the lack of statisticakeeil of a trend.

Hydrologic Profile

Characteristics of Major StreamsThe Tar River basin can be slibided into several key watershettsat are
listedin Table 213 along with drainagarea.
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Contributing

Watershed Area (sq. mi.)
Conetoe Creek 85

Deep Creek 100
Fishing Creek 790
Stony Creek 120
Swift Creek 270
Town Creek 130

Tar River 2740

Table2-13: Key Streams Contributing to the Tar River

Figure2-18 below showshe primary watersheds contributing to the Tar River graphically, as well as the primary
communities along the Tar River.
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Figure2-18: Watersheds Contributing to the Tar River

It is important to note that there is a unique series of confluences along the Tar River. Within a six mile stretch
just upstream of the Town of Tarboro Swift Creek, Fishing Creek, and Deep Creek all confluence with the Tar
River. Aseen in Figur@-19 below, the drainage area for the Tar River sees an increase of more than 100%,
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going from 1,030 square miles below Rocky Mount to 2,200 square miles above Tarboro.

for the Tar River to accumulate a drainage area of 1,000 squags oplstream of this area.

It takes over 135 miles
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Figure2-19: Stream Confluences Upstream of Tarboro

This hydrologic trait of the Tar River basin leads to a variety of potential flooding scenarios that can affect
Princevilleand Tarboroand presents unique challenges when analyzing potential flood mitigation options.
During flood events, magnitude and timing of stream flows along the Tar River mainstem and these major
tributaries can vary greatjyand based on how they combinegrchave a significant impact on flooding.

Discharges and theorrespondingase flood elevatiofBFEps reported in the North Carolina Flood Database

areshown in Tabl@-14 at selected points along the Tar River and major tributaries.

Drainage

Percent Annual Chance Discharges (cfs)

Location

Conetoe Creek

Area
(sq.mi.)

10%

4%

2%

1%

0.20%

Base
Flood
Elevation

At confluence with Tar River 102.85 * * * 6,320 * 33.3

At Penny Hill Road 73.52 * * * 4,820 * 39
Deep Creek

At confluence with Fishing Creek [ 102.77 3247 | 4,383 | 5364 | 6,441 9,388 47.8

Fishing Creek
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: Drainage Percent Annual Chance Discharges (cfs) Base

Location Area Flood
(sg.mi.) 10% 4% 2% 1% 0.20% Elevation

Approximately 4.0 miles

downstream of Fishing Creek 792.72 * * * 24,700 * 47.7

Road

Approximately 4.1 miles N N N .

downstream of Draughn Road 568.72 21,700 60.38

At Nash/Edgecombe County 530.16 | 12041 | 15283|18143| 20832 | 30326 | 95.8

boundary

Approximately 1.6 miles 458.22 | 11,833 | 15076 17.936| 20625 | 29546 | 109.73

downstream of Interstate 95

Approximately 1.4 miles

upstream of confluencwith 250.51 10,801 | 16,879 16,904 | 19592 | 26,668 | 129.96

Little Fishing Creek

Confluence of Shocco Creek 133.2 * * * 15,850 * 165.96
Stony Creek

Confluence with Tar River 117.41 7,450 * 11,800| 14,000 | 19,800 97

Interstate 95 107.14 7,380 * 11,700| 13,800 | 19,600 | 124.47

Confluence with Pig Basket Creelf 62.92 5,180 * 8,350 | 9,920 | 14,200 | 127.48
Swift Creek

At mouth 272.37 11,364 | 14,768 | 17,686 | 20,737 | 28,956 51.3

Approximately 1.1 miles

downstream of Red Oak Road 183.09 5,156 7,236 | 9,094 | 11,078 | 16,299 | 127.62

(SR1003)

Approximately 1300 feet 164.64 * * * | 12300 | * 149.75

downstream of Highway 43
Town Creek

At the confluence with Tar River | 200.05 4891 6,503 | 7,889 [ 9,391 13,443 40.1

Approximately0.6 mile upstream

of NC Highway 111 94.42 3,082 | 4,168 | 5,108 | 6,140 8,969 54.3
Tar River

étrg;i confluence of Grindle 2756.83 | 29500 | * | 45200| 53100 | 74900 | 14.34

At State Highway 222 2521 28,200 * 43,000| 50,400 | 70,500 31.86

Atthe Edgecombe/Pitt County 2459 27800 | * |42400| 49600 | 69200 | 37.79

Boundary

Approximately 280 feet

upstream of Confluence with 2255 26,600 * 47100 47,100 | 65,200 40.62

Town Creek

Approximately 0.65 mile

downstream of confluence with 2222 26,400 * 46,700| 46,700 | 64,600 45.36

East Tarbor@anal
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Drainage Base
Location Area Flood
(sq.mi.) 10% 4% 2% 0.20% Elevation

Percent Annual Chance Discharges (cfs)

Approximately 140 feet
upstream of confluence with 1302 19,900 * 33,900| 33,900 | 44,700 47.8
Deep Creek
Approximately 320 feet
upstream of confluence with 1022 17,500 * 29,300 29,300 | 37,800 51.86
Swift Creek
Approximately 1.2 miles
downstream of N
Edgecombe/Nash County 932 16,700
boundary
Confluence with Stony Creek 808.86 14,820 * 22,270 25,770 | 38,700 98.12
Below Rocky Mount Reservoir 777 14,000 * 21,500 25,500 | 38300 101.8
Approximately 610 feet
upstream of the FranklkiNash 609.95 13,713 | 18171 | 21,411 | 25309 | 38070 | 170.74
County boundary
Approximately 0.4 mile
downstream of Bickett 434.59 12,802 [ 17,711| 20,871| 25240 | 37,761 | 200.99

Boulevard
Table2-14: Discharges and BFEs at selected locations on the Tar River and Major Tributaries

27,700 27,700 | 40,000 84.97
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3. Flooding Profile

Historic Flooding Problems

Significant Events, The historidloods for the Tar River Basin are listed able2-10 of this report. Outside of
Hurricane Matthew, the two that are most familiar to the residents of the basin are the 1996 and 1999 floods
that were a result of rainfall from Hurricanes Fran and Flogpeetively.

Hurricane Fran made its way through North Carolina on Septembef896. For the Tar River basin, the
heaviest rainfall occurred in the Northwestern portion of the basin where totals excesidgathes Figure3-1
provides agraphial repregntation of rainfall depths foHurricane Fran that werdeveloped by the National
Weather Service in Raleigh.

Hurricane Fran Storm Total Precipitation
Total in inches

I Total precipitation of 2 to 4inches

I Total precipitation of 4to 6 inches 1]
I Total precipitation of 6 to 10 inches

Il Total precipitation greater than 10 inches

Figure3-1: Estimated Rainfall over North Carolina during Hurricane Fran

The peak flows fronrran were very high at the most upstream portions of the basin due to the high rainfall
amounts and intensity being coupled with a relatively small channel. These factors combined to produce 500
year return intervals for peak flow near Louisbusdnich gralually decreased to a 125 year return interval in
Rocky Mount and a-%0 year return interval in Tarboro as the flow was allowed to be stored in the floodplain
due to channel widening and lower precipitation.

Damages from Hurricane Fran were estimatetb¢o$2.4 billion statewide for homes and businesses. Additional
damages related to public property and agricultural concerns totaled an estimated $1.8 billion. Additional
details on flooding experienced during Hurricane Fran can be found in ApfendtsS OperFile Report 96

499.

Hurricane Floyd came onshore in North Carolina on September 16, 1999. The storm followed closely behind
Hurricane Dennis, which made landfall in North Carolina less than two weeks earlier and dumped heavy rain
across the easterpart of the state with many areas in ti@rRiver basin receiving betwe@&and16inches.

This served to provide wet soil conditions which increased runoff from rainfall during Hurricane Floyd and
resulted in higher flood elevations than would have othisse occurred. igures3-2 and3-3 show rainfall depths
for Hurricane Dennis and Hurricane Floyd for eastern North Caréligare3-2 appears in the USGS in Water
Resources Investigations Reportf093. Figur&-3 was produced by the National Weatherree in Raleigh.
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EXPLANATION
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Figure3-2: Estimated Rainfall Over Eastern NC During Hurricane Dennis

g8 12

Hurricane Floyd Precipitation
Updated 2010:09,22
Total Precipitation less than 2 inches

B Total Precipitation of 2 to 4 inches

I Total Precipitation of 4to § inches

Il Total Precipitation of 8 to 12 inches

I Total Precipitation of 12 to 16 inches Data analysis - Phillip Badgett

Il Total Precipitation of 16 inches or more Graphic - Jonathan Blaes
Precipitation amounts reported in inches. & HWS Raleigh, HC
Analysis based on observed rainfall and radar estimates www.erh.noaa.gowrah

Figure3-3: Estimated Rainfall Over Eastern NC During HurricBlugd

Unlike Hurricane Fran where the heaviest rainfall was centered further to the west in the Tar River basin, Floyd
dropped the most rainfall just east of Washington, NC in the eastern portion of the basin sdrageareas
experienced over 1éches The water levels were recorded as record values at 11 of the 12 USGS gage stations
in the basin with the only exception being a coastal gage that recorded storm surge for the event. Multiple gages
recorded flows that were greater than a 1§@ar recurrencentervalwith several more that exceeded a 500

year recurrence interval. At Tarboro the maximum flow was almost double what the previous record had been
and the peak stage was 1€et higher than the previous record in the past 100 years since recordirenbeg

there.
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Damages to homes and businesses were estimated at $8.6 billion statemhd=h makes it the costliest
hurricane on record for North Carolina. Additional information on Hurricane Foyvidedin Appendix
USGS WateResources Investigatis Report 081093.
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Figure3-4: Stage Recordings for Discharges for Tar River at Tarboro During Hurricane Floyd

Hurricane Matthew Flooding Event

Recurrencdnterval - Similar to tropical systems Fran and Floyd, rainfall for Hurricane Matthew was extreme
both in the widespread nature as well as the depth of precipitatigeiterated. Figure3-5 and 36 showthe
depth of rainfall for the study area and the estimatedurn period for the rainfall depth.

Matthew Rainfall ‘
Inches
| 0-s
-7
e
e
[ 910
[ 10-1
CIn-12
-13
[ 13- 14
-15
-16
-17

E Tar River Basin £

Figure3-5: Hurricane Matthew 48Hour Rainfall Depths for the Tar River Basin
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Figure3-6: Hurricane Matthew EstimatedRainfall Return Periods for the Tar River Basin

Rainfall depths recorded in the Tar River basin range frorto4l3.2 inchesvith a basin wide average of 8.3

inches. The largest totals were seen in areas southwest of Rocky Mount.

The return periods fortte peak stream flows for Hurricane Matthew also reflect an extrenent. Table3-1

showsreturn periods as estimated based on flows recorded by USGS gages.

USGS Site

Site Location

County

Drainage

Peak

Return Period

Number Area (sq. mi.) Discharge (cfs (years)

FISHING CREEK NEA

02083000 | ENFIELD, NC Edgecombe 526 15,000 63
SWIFT CREEK AT

02082770 | HILLIARDSTON, NC | Nash 166 6,180 20
TAR R AT US 401 AT

02081747 | LOUISBURG, NC Franklin 427 14,200 32
TAR RIVER AT NC 97

02082585 | AT ROCKY MOUNT, | Edgecombe 925 23,200 197
TAR RIVER AT

02083500 | TARBORO, NC Edgecombe 2,183 41,700 89
TAR RIVER AT

02084000 | GREENVILLE, NC Pitt 2,660 46,200 166

Table3-1: Peak Discharges Recorded Duridgrricane Matthew
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Damages As part of this report, damage estimates were developed for buildings and coniteatgyhoutthe
Tar Rivebasin study arealhese damage estimates are only for damages suffered as a direct result of flooding
of the Tar Riveand major tributariesReslts of the analysis are shown Table3-2.

Structural DamagesHurricane Matthew
Community Structures Damages

Dorches 6 $13,658
Greenville 292 $7,427,926
Louisburg 1 $1,272
Nashville 14 $11,234
Princeville 521 $28,199,991
Red Oak 6 $285,543
RockyMount 481 $61,748,230
Speed 0 $0
Tarboro 80 $1,122,353
Edgecombe County 695 $9,042,215
Franklin County 5 $4,550
Halifax County 7 $7,070
Nash County 36 $806,427
Pitt County 258 $3,366,618
Vance County 2 $176,468
Warren County 0 $0
Wilson County 9 $441,025

Event Total 2413 $112,654,580
Table3-2: Direct Damages from Flooding in the Tar River Basin Study Area Due to Hurricane Matthew

Other Impacts- Statewide there were 28 fatalities reported duekiurricane Matthew. During the height of the
flooding there were over 600 road closures reported in the state including portions of Interstates 40,ami95
repairs were required for over 2,100 locations as a result of sstlamage. Figur8-7 uses datdrom the NC

Department of Transportation (NCDOT) to spatially capture the extent of the road closures in the Tar River
basin.
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Figure3-7: Roads Noted as Closed or Impassible Due to Hurricane Matthew Flooding

The North Carolina Floodplain Mapping Program (NCFMP) reported approximately 99,000 structures were
affected by floodwaters statewidé&urthemore, North CarolingEmergency Management estimated $1.5 billion
in damages statewidanot including infrastructte, such as roads, or agricultural concerns. According to the NC
State ClimatéfficeHurricane Matthew ranks as North Carolimé&ourth costliest and fifth deadliest tropical
cyclone.
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4. Engineering Analysis

Hydrology

Development of RainfalRunoff Modelg The existing hydraulic models for the Tar River basin all rely on
regression analysis calibrated using discharge gage data. This is an excellent method for determining peak
discharges; however, in order to fully assess mitigation options, it was negéssdevelop a hydrologic model
that takes into account volume and timing of the flood. To accomplish this, dehigh rainfalirunoff model

was created for the study. Thenlted States Army Corps of Engineers Hydrologic Engineering Genter
Hydrolodc Modeling System (HE@MS)v4.2.1 software package was selected for the hydrologic calculations.
The model was initially set up and calibrated to data collected during the October 2016 Hurricane Matthew
event. Once a calibrated model had been developed, the same model was trettouesstablish existing
conditions discharges for th#4-hr, 10, 25, 50, 100, 500, and 10@€ar return period eventsFor additional
information on development of the hydrologic data and the data inputs please tef&ppendix G: Tar River
Draft Hydrobgy Report.

Basin Delineation Subbasins within the Tar River basin were delineated usingf&) hydro-corrected grid
developed from the legacyidht Detection and RanginglAR data collected between January and March 2001

by North Carolina Emergency Management (NCEM) in support of the North Carolina Floodplain Mapping
Program (NCFMP). Basins were delineated to reflect gage locations and areas of mitigation interest within the
watershed. The average drainage area was roughly 50 square miles with larger and smalleadpasicsssary.

While the model includes basins with large drainage areas, its development is appropriate to achieve the project
goals of analyzing the impaot mitigation alternatives in the Tar River baskigure4-1 shows the overall Tar

River basin delineation.

Raleigh

¥ Stream Gages fiut

|:l Sub-basins

.........

Figure4-1: Basin Delineation for Tar River Hydrologic Model
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Curve Number DevelopmentCurve numbers are used to describe the amount of rainfall that makes it to the
stream as opposed to being intercepted by vegetation, absorbedh@@oil, or otherwise prevented from
contributing to riverine flooding. Theolb Conservation Service@S Curve Number method was used to

compute runoff depths and losses. Inputs for this method are land use and hydrologic soil group. Soil data was
acquired from the Natural Resources Conservation Service (NRCS) and combined with the 2011 National Land
Cover Database (NLCD) to generate average Antecedent Runoff Condition (ARC) curve rahlzedd.

shows the curve number matrix used to estimate weinumbers for each basin. These values are based on ARC
II, which implies an average moisture condition for the soil.

Hydrologic Soil Group

Land Cover

A B C D
Barren Land \ 63 77 85 88
Cultivated Crops . 64 75 82 85
DecidiousForest \ 36 60 73 79
DevelopedHighintensity \ 89 92 94 95
DevelopedLowIntensity | 51 68 79 84
DevelopedMedium Intensity \ 61 75 83 87
DevelopedOpenSpace \ 39 61 74 80
Evergreen Forest \ 30 55 70 77
Grassland | 49 69 79 84
Hay/Pasture | 39 61 74 80
HerbaceousWetlands \ 72 80 87 93
Mixed Forest . 36 60 73 79
Open Water | 99 99 99 99
Shruld Scrub . 35 56 70 77
Woody Wetlands | 36 60 73 79

Table4-1: Curve Numbers for Associated Land Cover and Hydrologic Soil Group (ARC 1)

Time ofConcentration- The SCS Unit Hydrograph was used for the hydrologic model, maintaining a default peak
rate factor of 484. The lag time for a basin can be thought of as how long it takes from the peak of the rain event
until the peak of the flooding event.ag times were initially developed using both the velocity method and the
watershed SCS lag equation. The velocity method yielded times that were unreasonably short and was therefore
not selected.More information on the SCS lag method can be fountherlNRCS websitg the following url:
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/water/manage/hydrology/?cid=steip1043063

Reach Routing Channel routing helps take into account the time water spends travelling downstream from one
basin to the next. Channel routing of discharges was performed using the MuskDigoge method. Effective
hydraulic models from NCFMP were used to develgoi®t crosssections for reach routing, and legacy LIDAR
based 16 513l 9tSAI-ii2y a2RStE 659a ¢SS &SR 121 I-ye 201-ii2ya I42y3 dyaikRISR aliSI-Ya ¢KS alyyly3

ané values used for each@int crosssection were estimated from the values used aar#y locations in the
effective hydraulic models.

Rainfall Depths Specific rainfall data for this regievasdiscussed irfgection 2 of this report. In developing the
HEGHMS rainfalfunoff model of the Tar River basin, total rainfall data (using gaipested radar information)

from Hurricane Matthew acquired from the NCEM Resilient Redevelopment effort was used to determine a total
average basin rainfall amount for each modeled basin. In order to apply a temporal distribution of the total
rainfall amazylia 100243 (KS &idizRe HISIT a1 -y 31-3S LSOy RI-iI- TI2Y b/9ati Clood Inundation
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Mapping Alert Network (IMAN) was compared to NOAA Atlas 14 Volume 2 rainfall distribution regions and
temporal distributions for a 24r durationas showrin Figure4-2.
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Figure4-2: 24-hr Temporal Distribution of Total Rainfall

Hurricane Matthew total rainfalbccurred on October®8and 9", 2016 over a 30 to 36our period but was
assumed to be concentrated into a-B4 period for this analysis. Rainfall gages were then developed for each
basin in the model using the best fit temporal distribution determifiean review of the FIMAN rainfall gages

in the vicinity.

Project frequency discharges were developed from gridded rainfall data acquired from NOAA Atlas 14 Volume 2.
The gridded data was used to determine rainfall depths for each of the studied freig@sancluding the 10, 4,

2,1, 0.2, and O-percent annual chance events. The rainfall depths were applied on a basin by basin basis. The
temporal distribution was selected based off the location of the-babin Figure4-3 disgays theregions
corresponding to the quartiles shown Figure4-2. Forthese standard events, a general distribution (50%) was
selected.
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Figure4-3: Regional Rainfall Distributions (NRCS West National Technical Support Center)

Calibration- The HEEHMS model was calibradeto the Hurricane Matthew stream gage data at six locatiass
shown in Figurd-4.

“®E : " il N Tar River
Calibration

Gages

Rich Squal

LOUI$BURG

burham

Cary Raleigh & Knghtdale,  \yangell

Garner

Holly Sprngs Clayton

famils - GREENVILLE

Fuquay-Varina

Figure4-4: Calibration Gages for Hurricane Matthe@alibrated Hydrologic Model
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Observed stream gage hydrographs wadsled to the HEEIMS model for the gages on Tar River at Louisburg,
Tar River at Rocky Mount, Swift Creek at Hilliardston, Fishing Creek near Enfield, Tar River at Tarboro, and Tar
River at Greenville.

Calibration was performed in an iterative fashion,stay in the headwaters of the Tar River basin and moving
R2ayalISIYo /i3S biry oSIal al-yyly3ia ané values, Lag Times, and the SCS Peak Rate Factor were adjusted to
produce modeled runoff hydrographs similar in shape, volume, peak discharge, and timekttopéhe

observed hydrographs at the six gage locations. The watershed lag time equation was originally developed for
computation of lag times in rolling hills on basins with much smaller drainage areas so the equation was not
expected to yield accuratesults without calibration; however, it did serve as a good starting point for and help
provide a consistent basis from which adjustments could be relatively applied to all basins. During the
calibration process, the Tar River reservoir was added teebstpresent its effect on the timing of the flood

wave along the Tar River. The Tar River reservoir was modeled using the spillway and dam elevations from the
effective hydraulics model. An elevatianea curve was established for the reservoir ushmglatest QL2 LIDAR
based 5ft DEMs.

Hurricane Matthew occurred during a time when soils were higherthan average saturation point, which is

typical for the basirwide flooding events that are being considered as part of this study. Similar ribist s
conditions existed during Hurricane Floyd in 1999. Because of this, the computed basin curve numbers needed
to be adjusted to reflect an increased percentage of precipitation running off into waterways. In accordance
with the National Engineering Habdok (NEH, Part 630), curve number adjustments were limited to fall within

I- I-y3S 2F 1w/ 62dzyRSR 68 (KS ay20Y I Tw/-LL 02yRIii2y IR (KS 4&Sié 1w/-11l condition as shown below in
Figure4-5.
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Figure4-5: Calibrated Curve Numbers for Tar River Basin
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A table showing the computed hydrologic parameters as well as the adjusted values that were used in-the HEC
HMS model iprovided in Appendix G.

Calibrated runoff hydrographs match the observed hydrographs reasonably well for the purposes of this model.
Table 4-2 presents the model results compared to the observed at the 6 gages.

USES | FCHMS || Modeled Peak|Modeled| F Cotel N obeerved Peat Observed | 2c el | op Diff || solDifr || sy e

Gage Volume Volume Difference

Model Node Time Q (cfs) Time Q (cfs)

Number (ac-ft) (ac-ft) @ (Vo) (min)

02081747 J_TAR_32 |090ct2016, 06:15 14,181| 70,113]100ct2016, 06:00 14,100 71,993| 0.6% -2.7% 15
02082585 J_TAR_22 |090ct2016, 23:30 23,277| 205,891)100ct2016, 00:00 23,100/ 201,980] 0.8% 1.9% 30
02082770 J_SWIFT_06 090ct2016, 18:00  7,473] 36,104|090ct2016, 12:00 6,900 38,189| 7.7% -5.8% 360
02083000 J_FISHING_(0800ct2016, 23:30 15,435| 122,853|110ct2016, 12:00 15,000{ 116,756 2.8% 5.0% 750
02083500 J_TAR_14 |120ct2016, 05:16 43,711| 563,700|120ct2016, 18:00 42,300f 594,372 3.2% -5.4% 765
02084000 J_TAR_04 | 140ct2016, 08:46 42,984| 701,126|140ct2016, 06:00 44,400| 800,464 -3.3% | -14.2% 165

Table4-2: HEGHMS Model Calibration Results

Figure 46 below shows a sample calibration location depicting the observed and nibbgtirographs. All final
calibration hydrograph plots and data are provided in Appeflix

r e
Graph for Junction "J_TAR_32" = [& ]
Junction "J_TAR_32" Results for Run "Calibrated"
16,000
Summary Results for Junction "J_TAR_32" o (=l (e
14,0004 . ; ’ ) ) .
Project: TarRiverBasin  Simulation Run: Calibrated
Junction: J_TAR._32
Startof Run: 080ct2016, 00:00 Basin Model: TarBasin-Calibrated
End of Run:  240ct2016, 00:00 Meteorologic Model:  October 2016 Individual
12,000+ Compute Time:290ec2017, 10:26:33 Control Spedifications:October 2016
Volume Units: () IN (@) ACFT
Computed Results
Peak Discharge: 14180.8 (CF5) Date/Time of Peak Discharge: 100ct2016, 06:15
10,0004 Volume: 70112.5 (ACFT)
Observed Hydrograph at Gage Tar River at Louisburg
Peak Discharge: 14100.0 {CFS) Date/Time of Peak Discharge: 100ct2016, 06:00
o g o0 Mean Abs Error:413.8 (CFS) RMS Error: 776.4 (CF5)
5 9% Volume: 719393.1 (ACFT) Volume Residual: -1380.5 (ACFT)
E Nash-Sutdiffe: 0.963
[

6,000

Tar River at

4,000 Louisburg
2,000+
______ ___L‘—‘——-_._‘_
0 L.
8|9|1D|11|12|13|14|15|16|1T‘18|19|20|21|22|23
Qct2016

Legend (Compute Time: 29Dec2017, 10:26:33)
—+— Run Calibrated Element:)_TAR_32 Result: Observed Flow Run: Calibrated Element:J_TAR_32 Result: Cutflow
——— RumCalbrated Element: R_TAR_32 Result Outflowe — =----- Run: Calibrated Element:V_TAR_32 Result: Outflow

Figure4-6: Modeled vs Observed Hydrographs at Tar River at Louisburg Gage
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Modeled peak discharges range from 3.88tow to 7.7% above observed discharges at the gages. Modeled
volumes range from14.2% below to 5.0% above observed volumes at the gages. The modeled time to peak
varies from 765 minutes earlier than observed to 360 minutes later than observed. @uamgithe total period

of the model simulation (16 days), the modeled times to peak are reasonable. T 25160, 106, 500, and
1000year return period events were modeled using the calibrgtacameters.

Comparison to Flood Insurance Study (HD8jcharges As noted above, thaydrologic model for this project

was calibrated to Hurricane Matthew. All storms have many variables that contribute to magnitude of flooding
whichinclude duration, antecedent runoff condition, intensity, directiomudvement, and spatial distribution

of rainfall depth. The discharges reported in community Flood Insurance Study (FIS) reports are generally
developed using regional regression equations based on hydrologic regions and proximity to stream gages or on
rainfall-runoff models calibrated to a typical storm and then verified using additional storms or regression
confidence limits. For this reason, the Hurricane Matthsadibrated discharges, also referred to as the project
discharges, will differ from the Fii&scharges.Table 43 showsthe comparison between effective and project
discharges for the Tar River.

Area Model Discharge (cfs  FIS Discharge (cfs)\ Percent Difference\
Site (sq. mi.) 100-Year \ 500-Year 100Year 500Year 100-Year 500Year
At the confluence of Grindle
Creek 2,757 40,633 63,197 53,100 74,900 -23% -16%
At State Highway 222 2,521 43,098 68,488 50,400 70,500 -15% -3%
Approximately 280 feet
upstream of Confluence with
Town Creek 2,255 42,598 67,026 47,100 65,200 -10% 3%
Approximately 0.65 mile
downstream of confluence
with East Tarboro Canal 2,222 44,045 69,205 46,700 64,600 -6% 7%
Approximately 140 feet
upstream of confluence with
Deep Creek 1,302 26,836 42,011 33,900 44,700 -21% -6%
Approximately 320 feet
upstream ofconfluence with
Swift Creek 1,022 19,746 31,608 29,300 37,800 -33% -16%
Approximately 1.2 miles
downstream of
Edgecombe/Nash County
boundary 932 19,195 29,785 27,700 40,000 -31% -26%

Confluence with Stony Creek \ 809 19,041 27,626 25,770 38,700 -26% -29%

Below Rocky Mount Reservoi‘ 777 19,188 27,826 25,500 38,300 -25% -27%
Table4-3: Modeled Discharges Compared to FIS Discharges

Variances in the modeled 100 Year return interval discharges versus tisdfi&ges range fron33% just

upstream of the confluence @wift Creeko -6% close to th&JSGS gage siie Tarboro This discrepancy

observed in a relatively short distance is likely attributed to the hydrologic characteristics discussed praviously i
the Hydrologic Profile portion of Section 2 of this report. The timing of the multiple hydrographs combining in
this short reach was calibrated to the Hurricane Matthew event in the-HHS model. As discussed, the FIS
discharges are based on a diffatéechnique which accounts for the flow confluences differently.
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The modeled discharges are generally lower than discharges in the FIS modaBwAm Table 42 peak
discharges match quite well with recorded Hurricane Matthew dischavgeish is nd surprising since the
model was calibrated to the Matthew event.

Hydraulic Modeling

Approachg The hydraulic model is used to calculate the water surface for a particular storm event. For this
project the latest hydraulic models developed by the NCFMEhB Tar River study area were useall

hydraulic models used for this project were rurlnited States Army Corps of Engineering Hydrologic
Engineering Centar River Analysis SoftwarblEGRAS$version 5.0.3 except for Sandy Creek which was run in
HEGRAS version 4.1. Once the hydrologic model was completed, the existing conditions project discharges (10,
25, 50, 100, 500, and 1040) along with the Hurricane Matthew calibrated discharges were input in the
hydraulic models in order to develop a sdtbaseline profiles for each stream. For the Tar River model near the
gage at Tarboro (USGS gage 02083500)athg/ly30a dné values were adjusted in the model so that the
Hurricane Matthew model run produced elevations that matched the known Hurricane Matthew elevations at
this gage location on the south side of Main Street. These calibratetues were then applied to the isxing
conditions profiles in the model. Aside from updating discharges, no other adjustments were made to the
hydraulic models. Table4 below presents the validation of the hydraulic model results for the Hurricane
Matthew profile at several gages thmghout the study area.

UEeE Model Observed A= Difference

Gage Stream Gage name . RAS
Number Station WSEL WSEL (feet)

02081747 Tar River at Louisburg, NC | 747762 | 199.00 | 198.70 0.30
02082585 Tar River at Rocky Mount, NC| 450194 81.54 81.40 0.14
02082770 Swift Creek at Hilliardston, NC| 243159 | 144.75 | 144.52 0.23
02083000 Fishing Creek Near Enfield, N¢ 213392 92.96 92.73 0.23
02083500 Tar River at Tarboro, NC 245728 45.61 45.47 0.14

02083000 Tar River at Greenville, NC | 104467 20.92 20.78 0.14
Table4-4: Hydraulic Model Validation Results for Hurricane Matthew

These hydraulic model runs were the basis of the flood risk analysis described in the following section.
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5. Flood RiskAnalysis

Development of Water Surface Rasters

As described in th8ection 4 project frequency discharges developed in the HHB{S hydrologic model were
applied to FIS hydraulic modelsthin the TarRiverstudy area The hydraulic models were calibratemtigh

water mark observations collected from the Hurricane Matthew event, and then the project frequency
discharges were applied to these calibrated models. The resulting project frequency water surface elevations
were then used to generate water surfagkevation (WSH rasters. These are flood extent boundaries
containing underlying elevation data and are visualized Hod® by 10foot grid cells. These WBEasters were
created for each of the project frequency water surface elevations, includin@®050, 100, 500, and 1000

year events, as well as the Hurricane Matthew evé&idgure 51 displayghe extents of the 100§ear (0.1%

annual chance) forre TarRiverbasinstudy area.

* | TarRiverBasin [
"1 Raster Production £

Legend
County
1 1,000-yr Depth

Feet
High : 135.172

- Low: 0

Figure5-1: 100GYear Project Frequency Water Surface Elevation Raster for the Tar River Study Area

Damage Assessments

Associating Elevations to Building FootprintsA GIS dtaset was provided by NCEM for building footprints in
the TarRiver basin. This dataset was used to commstimateddamages for these structures for each project
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frequency flood event, including Hurricane Matthew. Eathictureis attributed with a wealth of data including
building type, finished floorelevation(FFE)foundation type, replacement value, contents value, heated square
feet, and many other attributes

A critical part in assessing impacts on structures duringpuarvents is the water surface elevation of the event
in relation to the structure. The W&Easters for project frequency events, as well as Hurricane Matthew
modeled elevations, were used to define this relation. All project frequency elevations s&oeiated with
footprints so that damage assessments on these structures by each of these events could be assessed.

Development of Damage Estimates! I- LI 27 (KS b/9ad yiS3u-iSR KITIHR &1 Y 1y1-3SY Syl (IHRM)
program, a tool was developed that isaasto compute direct and indirect damages to structures based on the
associated WSECKS (i22f 1a dzaSR 68 b/9a 121 LIi2dIRly3 odziRiy3 W] 1-4aSaaY Syt -4 aK2éy 2y b2NiK /Hi2tly10d
Flood Risk Information System (FRIS) webBinage calculations for buitdjs were based omepth-damage
curves specific to structure type, foundation, and occupancy tdgeeloped as part of IHRMDirect impacts
consider the value of structures amgdsociatedcontents, while indirect impacts consider items such as
displacementind relocation costs, lost rent, lost wages, lost income, and nibieimportant to note that

many of the building footprint attributesuch as contents valyare approximate and may be based on
generalized assumptions. As such, the damage estinpaidsrmed as part of this analysethough

considered appropriate for this level of study, should be used for pladeirej purposes only. A more detailed
analysis to confirm building and contents value within a specified area of interest may liaebcp different
damage estimate results.

Once the project frequency flood elevations were associated with the structure footprintRamage

Assessmentfool was used to estimate damages for each of the project frequency events presented below.
Another mportant aspect of risk analysis is annualized loss, which takes into account the probability of an event
when determining the damages experienced from a flood of a certain magnitude. For this stydar3ihd 50

year time horizons were considered in ohéfig the costs of damages to structures affected by flooding events.
Annualized loss for structures impacted by project frequency events were determined as described on pages 20
and 21 in BRSII{ 9Y'SI3Sy08 al-y1-3SY Syt 13Sy0204 CCEMA) aDdIRI-y0S 721 Ci22R wid] 1y148a1d IyR al-llily3l

Ct22R wia] 14aSaaY Sytdl ale namcel -4 3K26y Iy Figure 52 below

Annualized Loss = (10% —4%) *(Loss 10% + Loss 4%)/2 +

(4% — 2%) * (Loss 4% + Loss 2%) / 2 +
(2% — 1%) * (Loss 2% + Loss 1%) /2 +
(1% — 0.2%) * (Loss 1% +Loss 0.2%) / 2 +

0.2% * Loss 0.2%

Figure5-2: Annualized Loss Calculations

Once an annualized loss is determined, that valuelmmultiplied by the time frame of interest, in this case 30
and 50 years, to determine a loss estimate for the timeframe.

Modeled Flood Impacts by Storm FrequengyOnce damage assessments were complete, the data was
compiled on a bashwide basis andlsoon a community by community basis. These values represent the
baseline to which other scenarios employing mitigation options can be compared. The difference in estimated
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damages between the baseline and a mitigation option represents the losses abyidaaploying that
mitigationoption. The input data and results for the baseline analysis can be fouddpandix H; Baseline
Damage AnalysiJable 51 shows baseline estimatetirect damages for th@ arBasinfor the different project
frequency events analyzed and for Hurricane Matthew. It is important to note that these values represent only
damages resulting from flooding on the mainstem of Treg River and major tributaries as shown in the WSE
raster extent (Figures-1). Flood damages from other flooding sources in the basin are not accounted for in this
analysis or any analysis shown as part of this study.

Tar Basin Study Area

Event Residential Non-Residential Public Total
Buildings Damages Buildings Damages Buildings Damages Buildings Damages

10-yr 35 $263,953 14 $642,444 3 $206,610 52| $1,113,007
25-yr 182 $1,200,799 31| $1,740,947 3 $546,198 216| $3,487,944
50-yr 488 $3,775,036 84| $4,579,919 7 $757,427 579| $9,112,382
100-yr 1,896 | $35,504,691 235| $35,190,278 13| $1,227,917 2,144 $71,922,886
500-yr 5,209 | $148,986,124 747| $334,201,404 39(9$14,788,246| 5,995| $497,975,774
1000-yr | 6,659 | $242,859,807 1015 $508,185,060 62| $42,544,322 7,736 $793,589,189
Matthew| 2,113 | $37,743,382 286| $73,496,704 14| $1,414,494 2413 $112,654,580

Table5-1: Baseline Damage Estimates for the TéveR Study Area
Figure 53 showshese values in a graphical format.
Tar Basin Damage Curve
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Figure5-3: Graph of Tar River Damages from Project Baseline Modeling

From Figure 53 it isvery noticeable that there is a very large increase in damages between thged(roject
baseline event and the 500ear event.
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Table 52 showsbaseline estimated damages on a community level. Note that the countywide damage value
excludes those commutres within the county already presented in the table

Baseline Damage Assessments for Project 'Frequencies'and Hurricane Matthew
10 Year 25 Year 50 Year 100 Year Matthew 500 Year 1000 Year
Dorches $0 $0 $0 $2,501 $13,658 $129,422 $176,614
Greenville $95,203 $379,980 | $1,146,421 | $6,725,723 | $7,427,926 | $88,273,343 | $131,191,999
Louisburg $0 $0 $2,321 $3,921 $1,272 $111,589 $449,949
Nashville $0 $1,346 $2,103 $6,718 $11,234 $42,784 $6,790,213
Princeville $0 $0 $0 | $28,677,452 | $28,199,991 | $63,676,070 | $80,052,932
Red Oak $342 $3,955 $65,912 $206,110 $285,543 $410,695 $522,992
Rocky Mount $740,305 | $2,164,698 | $5,118,798 | $22,414,263 | $61,748,230 | $240,926,709 | $367,139,321
Speed $0 $0 $0 $0 $0 $96,726 $198,388
Tarborro $42,813 $83,728 $169,115 | $1,200,433 | $1,122,353 | $26,691,816 | $79,523,818
Edgecombe Count gyl $79,713 $709,700 | $8,337,621 | $9,042,215 | $53,540,934 | $80,502,196
Franklin County $0 $2,022 $4,550 $14,068 $4,550 $344,739 $520,094
Halifax County $662 $1,396 $4,977 $9,518 $7,070 $246,874 $658,169
Nash County $44,596 $136,076 $531,187 $807,968 $806,427 | $2,686,251 | $4,002,984
Pitt County $64,051 $467,895 | $1,067,387 | $3,074,992 | $3,366,618 | $19,750,528 | $40,592,499
Vance County $117,938 $162,257 $180,719 $200,642 $176,468 $256,551 $283,917
Warren County $0 $0 $0 $883 $0 $161,658 $232,615
Wilson County $0 $4,879 $109,194 $240,073 $441,025 $629,086 $750,491

Community

Table5-2: Baseline Damage Estimates for the Tar River Study Area by Community

Detailed damage information for each community is provided in Appefdix

Roadway Overtopping Analysis

Significant, indirect flooding risks occur when a major roadway becomes unpassable due to overtopping during a
flood event. Overtopping of a roadway during a flood may not only restrict travel but may also significantly
damage the stream crossing such that residents on one side become stranded without the ability to access food
or medical care as needed. Using the hydraulic models, roadway overtopping was reviewed to analyze the
vulnerability of major road crossingmtergdates and US Highwayts) overtopping. If roadways overtopped in

an overbank within the model at a lower elevation than the actual briigrulvert, the lower elevation was

used to designate overtopping of the road occurridgter determining the discirge required to overtop the

road, the discharge was fit to a curve representing the Hurricane Matitedibrated recurrence interval to
determine the flood frequency of overtopping. As this analysis uses Hurricane Mattildsated flood

frequencies, ity 12 y2{ Y 0K F22R StSg1-ii2ya I-4 K24y 2y C9a 11 Ci22R Lyadly0S wi-iS al-Lid iClwal 21 20KSN

sources Table 53 belowshows a summary of the overtopping recurrence of major road crossings in the Tar
River basibased on the Hurricane Matthew calibrate@fuency discharges.

Road County Stream SR,
Recurrence
US64 Alternate Pitt Conetoe Creek >1,000yr
uSsS258 Edgecombe Deep Creek 360-yr
uS401 Warren Fishing Creek 204-yr
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Road

County

Stream

Overtopping

Recurrence
I-95 Nash Fishing Creek >1,000yr
UsS301 Halifax Fishing Creek 571-yr
usS64 Nash Stony Creek >1,000yr
US301 Nash Swift Creek 5-yr
us264 Pitt Tar River 84-yr
[-95 Nash Swift Creek 655yr

Table5-3: Major Roadway Overtopping Vulnerability
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6. Mitigation Strategies

A masterlist of mitigation strategies to be explored was established by NCEM based on mitigation strategies
used in similar projects, review of the RRPs developed following Hurricane Matthew, and feedback from
partners and stakeholders. The master list consistetth® following strategies:

1. New Detention Structures 7. Roadway Elevation / Clear Spanning
2. Retrofit of Existing Detention Structures 8. Large Scale Wet Flogmoofing

3. Offline Storage 9. Buyout / Elevation / Relocation

4. Channel Modification 10.Land Use Strategies

5. New Embankment Structures 11.River Corridor Greenspace

6. Existing Levee Repair / Enhancement 12 wildlife Management

As discussed at the stakeholder meetings, due to basin characteristics not all strategies would apply for the Tar
Basin study area. In additiomased on preliminary analyses some strategies may not be pursued fully. If a
strategy was found to have limited flood reduction potential and/or significant challenges with implementation

a full benefit/cost analysis may not have been performed. Thisaeutill discuss the methodology used for
analyzing each strategy as well as evaluate the strategy performance from a fmastfgtandpoint.

Strategy 1¢ New Detention Structures

Approach- This strategy consists of construction of new dams and resarnmiprovide flood detention and
downstream discharge reduction. The analysis was performed as outlined in Section 5 for the baseline damage
estimation. Using the Hurricane Matthew calibrated FHEIS hydrologic model, existing HR&S hydraulic

models, W-iSIl &ziiF1-0S StS@I-ii2y NI-aliSuar 1yR (KS adl-iS0a &l 1-y1-ead L20SRANSE! Li2dSyii- RI-Y 81iSa &SNS

modeled to evaluate their impacts on downstream discharges, flood levels, and damages for various events
throughout the Tar Basin study area.

Sites Considera- Eighteen sites at various locations within the study area were initially selected for study
based on a review of topographic conditions. Of these eighteen, several sites were eliminated based on a
detailed site review and potential duplication of bdite Eleven sites were found to provide good storage
potential as either wet or dry detention facilities, and initial modeling was performed to further explore
downstream discharge reduction and dam size. Based on initial modeling results, fouriidmgrgood

storage volume versus dam height and length were selected for benefit/cost analysis. The sites considered in
this study are shown iRigure 61.
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Figure6-1: Potential Detention Storage Sites
Sites Selected Four sites were selected for detailed analysis as wet and/or dry detention facilities.

Wet reservoirs permanently hold water (conservation pools) but still provide flood storage between the
conservation pool elevation and the top of tdam. Sites with significant topographic relief generally offer
better opportunity to permanently store water in the conservation pool.

Some considerations when planning a wet detention facility include:

=

Reduced flood discharges downstream

Opportunityfor recreation including fishing boating, picnic area, camping
Increased quality of life for surrounding population

Increased property values adjacent to and in the vicinity of the lake
Potential water supply for developing areas

Potential for water qualit issues

Potential irrigation supply for agriculture

Planning needs to account for sedimentation issues

Often eliminates wetlands in favor of open water

Disrupts connectivity of the waterway

= —a —a _—_a _—_a _a _a _a _9
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Dry reservoirs are normally dry and only hold water duringadlevent, similar to water backing up behind a

road embankment with a culvert during a large storm. Temporarily stored water is normally evacuated from the
reservoir in a controlled manner over a period of time. These structures allow base flow and staaites to

pass largely wimpeded. The outlet structures are sized to only detain water during larger events. As such,
storms greater than the 5@r event are often where they provide the most benefit. Some considerations when
planning a dry detentioffacility include:

f  Allows more flood storage with a lower dam height

I Opportunity for recreation facilities including parks, open space, or hunting grounds

I Property owner could be compensated in the form of an easement, or property could be
purchased by darmowner and leased back to the previous owner for agricultural or other
purposes

f Maintains river connectivity for species migration and sediment transport

f  Less impact on streams and wetlands versus wet detention

 Reduced flood discharges downstream

The foursites analyzed include two wet reservoirs,-Iaand LittleFishingl, and two dry reservoirs, Stofly

and Swift2. Tarl and Little Fishind were also analyzed independently as dry reservoirs and are discussed
later in this report. Modeling results irghte that Stonyl and Swif2 will not reduce downstream discharges
significantly if they were constructed as recreativiendly wet detention features, due to storage limitations
caused by topography at those dam sites. The following sections prostdiéssdor each of the four sites.

Both wet and dry reservoir projects will require extensive engineering studies, land acquisition, design,
permitting, and environmental impact studies. While actual construction of a dam may be accompliskéd in 2
years(for dams of the size considered in this study), these other factors can add significant lead time and cost to
reservoir projects and need to be considered when comparing mitigation strategies. Dry reservoirs typically
would not impact environmental feates to the extent of a wet reservoir and therefore may be easier to
implement. Project implementation for a dry reservoir is expected to be on the ordeflbfygars. The
implementation timeframe for a wet reservoir could be on the order of3D5/earsor more.
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1 Tarl: Tar River Dam
Ahypothetical dam was considered on the Tar River in Granville County upstream of Louisburg, NC and
approximately eight miles south of the Town of Oxford, NC. This site was selected to leverage existing
topography that will simultaneously provide sigréfit storage volume and minimize the dam footprint
and height. A dam at this location has the potential to reduce discharges in Rocky Mount,
Tarboro/Princeville, and potentially Greenvilleigure 62 showsthe location of the Tall Reservoir.

Tar River Dam
~ Sreans
Normal Pod

[v— Maxmum hundation

Vance

Franklin

1in=2 miles

>

Figure6-2: Tarl Reservoir Location

The drainage area at this location is approximately 167 square miles. A dam in the narrow river channel
topography just upstream of NC Highway 96 at a height of approximatelyfes&t.(Elevation 350.0)

would impound an area of approximately 5,370 acres and provide approximately 144,06@etocné

storage.

The hypothetical dam was assumed to be an earthen embankment dam with 3 horizontal to 1 vertical
side slopes, a 2fpot crest width, and a riser/barrel primary spillway operating under barrel/inlet
control. An earthen trapezoid channel was assumed for an auxiliary spillway.

Reservoir elevatiostorage data was developed from LiDAR topographic data. The top of dam elevation
was selected based on surrounding topography to minimize crest length. The primary spillway was
modeled as a fixed,-fbot x 2foot outflow barrel flowing under inlet control at the base elevation of the
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dam and a 20@oot wide auxiliary spillway was moléel as a weir. Initial model iterations indicated
sufficient storage was available to allow the reservoir to be modeled as a wet detention feature. The
starting water surface elevation was maximized with the auxiliary spillway elevation to provide
approXmately 5feet of freeboard to the top of dam for the 1080 event. This dam was also modeled
as a dry reservoir with a similar spillway configuration.

Modeling results indicate the entire 1080 event can be stored without activating the auxiliaryllamy
for both the wet reservoir and dry reservoir scenarios. Peak flood elevations for each storm event are
provided in the table below.

Tarl: Tar River Dam

Wet Dry
Description Configuration Configuration

Top of Dam (Elevatieft) 350.0 337.0
Permanent Pool (Elevatieft) 330.0 N/A
Dam Height (ft) 61.0 48.0
Crest Length (ft) 625 395
Auxiliary Spillway Elevation (ft 345.0 332.0
Auxiliary Spillway Width (ft) 200 200
10yr Peak Elevation (ft) 336.1 318.3
25yr Peak Elevation (ft) 337.8 321.1
50-yr Peak Elevation (ft) 339.1 323.2
100-yr Peak Elevation (ft) 340.4 325.3
500yr Peak Elevation (ft) 343.6 329.9
1000yr Peak Elevation (ft) 345.0 331.9

Table6-1: Tar River Dam Summary

At anormal pool elevation of 330.0 feet, the maximum depth would be approximately 41.0 feet at the
dam with an average lake depth of 17.5 feet.

Base flow was not included in the basin wide hydrologic study, therefore base flow was not considered
in the dam moeling. However, minimum stream flows requirements will need to be considered in
future studies for this dam.

The Tafl reservoir storage capacity between normal pool and the top of the dam is approximately
86,000 acrdeet. Based on HEHAMS modeling tis is sufficient volume to capture and store all of the
modeled storm events and provide approximately five feet of freeboard to the top of the dam for the
1000yr event.

Little Fishing 1: Little Fishing Creek Dam

Ahypothetical dam was considered on Little Fishing Creek in Halifax County approximately four miles
southeast of the Town of Hollister, NC. This site was selected to leverage existing topography that will
simultaneously provide significant storage voluar® minimize the dam footprint and height. Figure 6

3 shows the location of Little Fishiig
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Figure6-3: Little Fishingl Reservoir Location

The drainage area at this location is approximately 171 square miles. A dam located in the narrow river
channel topography upstream of Silvertown Road at a height of approximately 61.0 feet (Elevation
190.0) would impound an area of approximately 7,89@&a@nd provide approximately 137,900 acre

feet of storage.

The hypothetical dam was assumed to be an earthen embankment dam with 3 horizontal to 1 vertical
side slopes, a 2ot crest width, and a riser/barrel primary spillway operating under barrkdfin
control. An earthen trapezoid channel was assumed for an auxiliary spillway.

Reservoir elevatiostorage data was developed from LiDAR topographic data. The top of dam elevation
was selected based on surrounding topography to minimize crest lenpftie. primary spillway was

modeled as a-foot x 5foot outflow barrel flowing under inlet control at the base elevation of the dam
and a 456foot wide auxiliary spillway was modeled as a weir. Initial model iterations indicated

sufficient storage was avable to allow the reservoir to be modeled as a wet detention reservoir.
Therefore, a starting water surface elevation was selected to maximize the wet reservoir volume, and
the auxiliary spillway elevation was set to provide approximately five feeeebfrard to the top of

dam. This dam was also modeled as a dry reservoir with a similar spillway configuration.
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Modeling results indicate the entire 1080 event can be stored without activating the auxiliary
spillway. Peak flood elevations for each stogvent are provided in Tabled

LF1: Little Fishing Creek Dam

Description Wet : _Dry .
Configuration Configuration

Top of Dam (Elevaticft) 190.0 183.0
Permanent Pool (Elevatieft) 170.0 129.0
Dam Height (ft) 61.0 54.0
Crest Length(ft) 2000.0 1900.0
Auxiliary Spillway Elevation (ft 185.0 178.0
Spillway Width (ft) 200 200
10yr Peak Elevation (ft) 172.2 157.6
25-yr Peak Elevation (ft) 174.1 161.9
50-yr Peak Elevation (ft) 175.7 165.1
100-yr Peak Elevation (ft) 177.5 168.1
500yr Peak Elevatio(ft) 181.9 174.8
1000yr Peak Elevation (ft) 184.0 177.6

Table6-2: Little Fishing Creek Dam Summary

At a normal pool elevation of 170.0 feet, the maximum lake depth would be approximately 41.0 feet at
the dam with an average depth of 12.2 feet. Base flow was not included in the basin wide hydrologic
study, therefore base flow was not considered in the dam modeling. Minimum stream flows
requirements will need to be considered in a more detailed studyHisrdam.

The Little Fishind reservoir storage capacity between normal pool and the top of the dam is
approximately 102,000 actieet. Based on HEAMS modeling this is sufficient to capture and store all
of the modeled storm events and provide approxiaig six feet of freeboard to the top of the dam for
the 1000yr event.

Stony-1: Stony Creek Dam

Ahypothetical dam was considered on Stony Creek in Nash County approximately six miles upstream of
the Town of Nashville, NC. This site was selected &vdge existing topography that will

simultaneously provide significant storage volume and minimize the dam footprinheigtt. Figure 6

4 shows the location of the proposed Stehyeservoir.
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Figure6-4: Stony- 1 Reservoir Location

The drainage area at this location is approximately 46 square miles. A dam located in the narrow river
channel topography upstream of Boddie Mill Pond Road with a height of approximately 32.0 feet
(Elevation 203.0) wouliinpound an area of approximately 2,215 acres and provide approximately
30,300 acrefeet of storage.

The hypothetical dam was assumed to be an earthen embankment dam with 3 horizontal to 1 vertical
side slopes, a 2ot crest width, and a riser/barrelrimary spillway operating under barrel/inlet
control. An earthen trapezoid channel was assumed for an auxiliary spillway.

Reservoir elevation/storage data was developed from LIDAR topographic data. The top of dam
elevation was selected based on surrourgliopography to minimize crest length. The primary
spillway was modeled at the base of the dam asfadd x 3foot outflow barrel flowing under inlet
controlled conditions. The 15@ot wide auxiliary spillway was modeled as a weir. Initial model
iterations indicated storage was not sufficient to allow the reservoir to be modeled as a wet reservoir
and provide maximum flood storage for the modeled events. Therefore, this reservoir was only
modeled dry for all of the modeled flood events. The auxilgpillway elevation was set to provide
approximately five feet of freeboard to the top of dam.
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Modeling results indicate the entire 1080 event can be stored without activating the auxiliary
spillway. Therefore, all lower events area also stored énréservoir. Peak flood elevations for each
storm event areprovided in Table G.

Stony-1: Stony Creek Dam

o Dr
Description Configlj/ration

Top of Dam (Elevaticfh) 203.0
Toe of Dan{Elevationft) 171.0
Dam Height (ft) 32.0

Crest Length(ft) 990.0
Auxiliary Spillway Elevation (ft 198.0
Spillway Width (ft) 150

10yr Peak Elevation (ft) 183.9
25yr Peak Elevation (ft) 186.7
50-yr Peak Elevation (ft) 188.7
100yr Peak Elevation (ft) 190.7
500yr Peak Elevation (ft) 195.4
1000yr Peak Elevatio(ft) 197.5

Table6-3: Stony Creek Dam Summary

For the 106yr event, the maximum depth would be approximately 19.7 feet at the dam with an average
reservoir depth of 9.0 feet. Drawdown of stored floodwateas not considered in the analysis,

however, given the spillway assumptions used for the modeling, drawdown would take approximately
57 days for the 10@r flood event. A more detailed spillway analysis is recommended to evaluate and
balance detention tiras with outflows to provide flood reduction benefits downstream.

Base flow was not included in the basin wide hydrologic study, therefore base flow was not considered
in the dam modeling. Minimum stream flows requirements will need to be considered ar&a m
detailed study for this dam. Final model parameters yielded the following results.

The reservoir storage capacity at the top of the dam is approximately 30,308amtreBased on HEC
HMS modeling this is sufficient to capture and store all of theleled storm events and provide
approximately 5.5 feet of freeboard to the top of the dam for the 1§0@vent.

The size of the reservoir and relatively small drainage area it controls will limit flood discharge reduction
to Stoney Creek. Modeling resuitglicate flood discharge reduction in the Tar River beyond the Stony
Creek/Tar River confluence does not occur.

Swift - 2: Swift Creek Dam
A hypothetical dam was considered on Swift Creek in Nash County approximately four miles upstream of
Interstate 95 This site was selected to leverage existing topography that will simultaneously provide
significant storage volume and minimize the dam footprint and heighgure & shows thdocation of
the Swift2 reservoir.
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Figure6-5: Swift-2 Reservoir Location

The drainage area at this location is approximately 182 square miles. A dam located in the narrow
stream channel topography just upstream of Red Oak Road with a height of approximately 44.0 feet
(Elevatbn 165.0) would impound an area of approximately 3,867 acres and provide approximately
64,500 acreeet of storage.

The hypothetical dam was assumed to be an earthen embankment dam with 3 horizontal to 1 vertical
side slopes, a 2ot crest width, and aiser/barrel primary spillway operating under barrel/inlet
control. An earthen trapezoid channel was assumed for an auxiliary spillway.

Reservoir elevation/storage data was developed from LIDAR topographic data. The top of dam
elevation was selected bad on surrounding topography to minimize crest length. The primary
spillway was modeled at the base of the dam as a fixddp8x 8foot square outflow barrel flowing

under inletcontrolled conditions and a 35f@ot wide auxiliary spillway was modeled a weir at

elevation 157.0 feet. Initial model iterations indicated storage was not sufficient to allow the reservoir
to be modeled as a wet detention reservoir and provide maximum flood storage for the modeled
events. Therefore, the modeling assumbe pond starts out dry for all of the modeled flood events.
The auxiliary spillway elevation was set to provide approximatelegbof freeboard to the top of dam
for the 1000yr event.
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Modeling results indicate the 56fr and 1006yr event will activee the auxiliary spillway. At the 1000
yr peak elevation of 160.5 feet the auxiliary spillway will discharge approximately é&jb&Ofeet per
second €fs). Peak flood elevations for each storm event arevided in Table 4.

Swift-2: Swift Creek Dam

o Dr
Description Configlj/ration

Top of Dam (Elevaticfh) 165.0
Toe of Dan{Elevationft) 121.4
Dam Height (ft) 43.6

Crest Length(ft) 1500.0
Auxiliary Spillway Elevation (ft 157.0
Spillway Width (ft) 350

10yr Peak Elevation (ft) 145.0
25yr PealElevation (ft) 149.0
50-yr Peak Elevation (ft) 152.1
100-yr Peak Elevation (ft) 155.0
500yr Peak Elevation (ft) 159.6
1000yr Peak Elevation (ft) 160.5

Table6-4: Swift Creek Dam Summary

For the 106yr event, the maximum depth would be approximately 33.6 feet at the dam with an average
reservoir depth of 13.2 feet. Drawdown of stored floodwater was not considered in the analysis,
however, given the spillway assumptions used for the modeling, drawdowatdvtake approximately

19 days for the 109r flood event.

Base flow was not included in the basin wide hydrologic study, therefore base flow was not considered
in the dam modeling. Minimum stream flow requirements will need to be considered in a maiedet
study for this dam.

The reservoir storage capacity at the top of the dam is approximately 64,508emtreBased on HEC
HMS modeling this is sufficient to capture and store all of the modeled storm events except tige 500
and 1006yr which are prtially stored. The freeboard to the top of the dam is approximately 4.5 feet
for the 1000yr event.

Technical Analysis

Multiple mitigation scenarios with single dams and dams in different combinations were explosed tehat

the impacts of different dam combinations and configurations had on the timing and severity of flooding along
the Tar River. While all of the possible combinations and configurations were not exhausted, this planning level
look at multiple scenaois seeks to provide a thorough representation of the potential benefits and costs at each
site as well as benefits and costs when structures were considered in combination. Asteds Figure 5,

there is a large increase in damages from the-Y@@rproject flood to the 500 ear project flood. This makes
reduction of the 500Year discharges down to the X3@ar baseline discharges a good target for the scenarios
that were explored.
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A highlevel recreation estimation was conducted for the wet reseivairthe Tar River and Little Fishing Creek
sites, which included the assumption that both lakes would be available for motorized boating. Recreational
benefits could be applied to dry sites as well with the construction of parks and greenways, bus fiuty,

that land was factored in as an opportunity for lease back for agriculiEstmation of recreational benefits was
based on analyses performed for potential wet detention sites in the Tar River Basin. Calculated recreational
benefits for threepotential wet detention sites in the Neuse Basin were used to develop a unit cost of
recreation benefit per surface area of the normal pool. Of the three sites analyzed, the unit cost was derived
from the largest site (closest in size to the proposed gegention sites in the Tar Basin) with the lowest benefit
per surface area of normal pool. This analysis can be found in Apperitix Basin Recreational Assessment.

Potential for municipal and agricultural water supply was not considered in the bamefysis but should be
investigated further for sites where there will be a need for additional water supply. It is recommended that a
separate study focused on future water supply requirements in the basin be undertaken.

f  Mitigation Scenario I All 4 Reservoirs Combined
As shown below in Figure this mitigation scenario combines all 4 reservoirs;Il arittle Fishing.,
Stonyl, and Swif2 to evaluate reduced discharges downstream. Based on modeling of the individual
dams this scenario expected to provide the highest discharge reductions downstream and thus
provide the most benefit, in terms of losses avoided. This scenario assumkafdilittle Fishing
are wet reservoirs and Storlyand Swifi2 are dry reservoirs.

Ro.\ﬁoke

Rapids
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D Tar River Watershed
l:} Wet Resarvar
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Figure6-6: Mitigation Scenario 1
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Significant peak discharge reduction and lower water surface elevations are realized with this scenario.
Peak flow reduction and water surface elevation changes area summarized foc&égrs within the
study area in Tables®and 66 below.

Flood Event (return period), % Peak Reduction

Location 10 25 50 100 500 1000
Below Tar-1 Dam 98.0% | 98.5% | 98.6% | 98.7% | 99.0% | 99.1%
[-95 at Stony Creek 21.5% | 21.7% | 21.9% | 22.1% | 22.4% | 22.5%
USGS Gage in Rocky Mount 23.1% | 22.7% | 20.8% | 18.9% | 17.7% | 18.2%
[-95 at Swift Creek 68.7% | 70.0% | 70.8% | 71.5% | 57.1% | 48.9%
Below Little Fishing-1 Dam 61.6% | 66.2% | 68.8% | 70.8% | 74.1% | 75.1%
USGS Gage in Tarboro/Prince Vil :an) 4.3% 8.6% 11.8% | 13.6% | 14.7%
USGS Gage in Greenville 2.3% 1.8% 4.1% 7.3% 10.6% | 11.9%

Table6-5: Mitigation Scenario 1 Peak Discharge Reduction

Flood Event (return period), Change in WSEL (ft)
Location 10 25 0] 100 500 1000

Below Tar-1 Dam
[-95 at Stony Creek

USGS Gage in Rocky Mount
[-95 at Swift Creek

[-95 at Little Fishing Creek
USGS Gage in Tarboro/Princevil
USGS Gage in Greenville

Table6-6: Mitigation Scenario 1 Peak Wat Surface Elevation Change

Mitigation Scenario 1 Losses AvoidedMitigation Scenario 1 provides significant flood damage
reduction in the study area. Table/ebelow summarizes percent flood damage reduction compared to
the baseline. Figure-B indicates basin wide direct damage reduction if Mitigation Scenario 1 is
implemented. Refeto Appendix A focommunity specific damage reduction tabkesd curvedor each
modeled storm event in Scenario 1.

Mitigation Strategy 1 Flood Damage Reduction
Baseline Damages Damage Reduction Percent Reduction

Event $1,113,007 $612,482 55%

25-yr $3,487,944 $1,797,157 52%

50-yr $9,112,382 $5,131,827 56%

100-yr $71,922,886 $38,587,510 54%

500-yr $497,975,774 $219,458,243 44%
1000-yr $793,589,189 $264,315,346 33%
Matthew $112,654,580 $45,732,675 41%

Table6-7: Mitigation Scenario 1 Flood Damages

59



Tar Basin Damage Curve

$900,000,000

$800,000,000

$700,000,000

$600,000,000

$500,000,000

$400,000,000

Total Damages

$300,000,000

$200,000,000

$100,000,000

$0
10-yr 25-yr 50-yr 100-yr Matthew 500-yr 1000-yr
Storm Event
Baseline e Scenario 1

Figure6-7: Scenario 1 Flood Damage Reduction Curve

Mitigation Scenario Ig Other Benefits- Opportunities for recreation, property value
increases/decreases, tax revenue increases/decreases, and land leasing were considexekl dditlee
dams in Mitigation Scenario 1. Tabk8 @utlines the benefits and costs estimated for each of the dams.

Tar-1 Little Fishing-1 ~ Stony-1 Swift-2
Property Acquisition $ 20,292,174 $ 10,471,151] $ 7,816,873| $12,849,512
Design/Construction $ 27,327,198 $ 62,322,852 $ 8,912,741 $ 9,539,239
Environmental Impacts $ 93,654,820 $ 73,408,718 $ 317,144|$ 272,000
Maintenancelyear $ 300,000 $ 300,000 $ 20,000/ $ 20,000
Road Impacts $ 15,355,900 $ 10,675,297 $ - $ 5,324,792
MOIOENVAVEINCENEEESS $ 76,867,553 $ 95,544,720 $ - $ -
Tax Revenue Changel/year'|g} 676,434 $ 1,015,640 $ (52,514} $ (86,092
Leasing Benefitlyear $ - |$ - |$ 80952($ 121,553
* Property value and tax increase realized 10 years after dam construction

Table6-8: Mitigation Scenario 1 Benefits and Costs

Mitigation Scenario 1 Benefit/Cost - Mitigation Scenario 1 benefit/cost (B/C) ratios were calculated

for 30-year and 56year time horizons. B/C ratios included; costs (property acquisition, dam design and
construction, highway impacts, environmental impacts, and operation and maintendrssefits

(property value increase, land leasing potential for agriculture and hunting, direct and indirect losses
avoided); and other considerations (tax revenue change). Costs, benefits, and resulting B/C ratios are

provided in Table ® below.



Mitigation Scenario 1

Costs Losses Avoided Benefit Cost Ratio

Time Direct + Direct +

Horizon Initial Maintenance Direct Indirect Other Benefit Other Cost Direct Indirect
COACEN $358,540,41Q0 $19,200,000| $56,956,824 | $133,664,040 $383,618,451] $4,158,171 1.15 1.35
SOAEEN $358,540,410 $32,000,000| $94,928,040 | $222,773,399 $452,640,042 $6,930,285 1.38 1.70

Table6-9: Mitigation Scenario 1 Benefit/Cost Ratio

Additional information regarding the damage assessments for this scenario can be foAppkindix &
Scenario 1 Data Development

f  Mitigation Scenario Z;, Tarl Dam (Wet) and Swif Dam (Dry)

This mitigation scenario combines Taand Swiff2 to evaluate discharges downstream. Individual dam
modeling indicated this combination of dams would provide good discharge reduction deamnsin

the towns of Louisburg, Rocky Mount, Tarboro/Princeville, and Greenville. Under this scendrig Tar
assumed to be a wet reservoir, and Swifis a dry reservoir as shown in Figus@. 6
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Figure6-8: Mitigation Scenario 2
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Implementation of this scenario results in reduced peak flows downstream of the dams. However, due
to the increasing discharge from unregulated areas on the Tar River downstreamlgfpeak flow

reduction decreases with higheeturn periods. This scenario provides good peak flow reduction in the
Tarboro/Princeville and Greenville areas. Peak flow reduction and water surface elevation changes area

summarized for key locations within the study area in Tabl#8 &nd 611.

Location

10

25

50

100

Flood Event (return period), % Peak Reduction

500

1000

Below Tar-1 Dam 98.1% | 98.5% | 98.6% | 98.7% | 99.0% | 99.1%
USGS Gage in Rocky Mount 9.7% 7.8% 5.2% 1.9% 0.0% 0.0%
[-95 at Swift Creek 68.7% | 70.0% | 70.8% | 71.5% | 57.1% | 48.9%
USGS Gage in Tarboro/PrinceVvi/jtMEA) 1.3% 5.8% 8.4% 8.9% 10.2%
USGS Gage in Greenville 0.4% 0.2% 2.3% 5.0% 7.0% 7.6%

Table 6-10: Mitigation Scenario 2 Peak Discharge Reduction

Flood Event (return period), Change in WSEL (ft)
Location 10 25 50 100 500 1000
Below Tar-1 Dam

USGS Gage in Rocky Mount
[-95 at Swift Creek

USGS Gage in Tarboro/Princevil
USGS Gage in Greenville

Table6-11: Mitigation Scenario 2 Peak Water Surface Elevation Change

Mitigation Scenario 2 Losses AvoidedMitigation Scenario 2 provides significant flood damage
reduction in the study area. The Tablé® below summarizes percent flood damage reduction
compared to baseline damages. FiguwgXindicates basin wide mdict damage reduction if Mitigation
Scenario 1 is implemented. ReferAppendix ) for community specific damage reduction tabkesd
curvesfor each modeled storm event in Scena2io

Mitigation Scenario 2 Flood Damage Reduction
Baseline Damages Damage Reduction Percent Reduction

Event $1,113,007 $351,529 32%
25-yr $3,487,944 $1,001,614 29%
50-yr $9,112,382 $2,526,109 28%
100-yr $71,922,886 $19,425,695 27%
500-yr $497,975,774 $127,786,695 26%
1000-yr $793,589,189 $125,412,703 16%
Matthew $112,654,580 $4,530,757 4%

Table6-12: Mitigation Scenario 2 Flood Damages
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Figure6-9: Scenario 2 Flood Damage Reduction Curve

Mitigation Scenario Z; Other Benefits- Opportunities for recreation, property value
increases/decreases, tax revenue irases/decreases, and land leasing were considered for each of the
dams in Mitigation Scenario 2. Refer to TabtE36elow for additional information.

Tar-1 Swift-2

Property Acquisition $ 20,292,174} $ 12,849,512,
Design/Construction $ 27,327,198 $ 9,539,239
Environmental Impacts $ 93,654,820 $ 272,000
Maintenancel/year $ 300,000( $ 20,000
Road Impacts $ 15,355,900 $ 5,324,792
Property Value Increase* |3 76,867,553 $ -

Tax Revenue Changelyeaifg 676,434 $ (86,092
Leasing Benefit/year $ - $ 121,553
* Property value and tax increase realized 10 years after dam construg

Table6-13: Mitigation Scenario 2 Benefits and Costs
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Mitigation Scenario 2 Benefit/cost- Mitigation Scenario 2 B/C ratios were calculated foty@ar and
50-year time horizons. B/C ratios included; costs (property acquisition, dam design and construction,
highway impacts, environmental impacts, apgkration and maintenance); benefits (property value
increase, land leasing potential for agriculture and hunting, direct and indirect losses avoided); and
other considerations (tax revenue change). Costs, benefits, and resulting B/C ratios are provided i
Table 614 below.

Mitigation Scenario 2

Costs Losses Avoided Benefit Cost Ratio

Time Direct + Direct +

Horizon Initial Maintenance Direct Indirect Other Benefit Other Cost Direct Indirect
COATCEN $184,615,635 $9,600,000 | $30,794,774| $69,172,873| $183,354,430 $2,582,752 1.09 1.28
SOAECEN| $184,615,635 $16,000,000| $51,324,623 | $115,288,1220 $215,789,173 $4,304,586 1.30 1.62

Table6-14: Mitigation Scenario 2 Benefit/Cost Ratio

Additional information regarding the damage assessment for this scenario can be folipdandixkK ¢
Scenari@® Data Development

f  Mitigation Scenario 3, Stony1 Dam (DRY) and Swi#t Dam (DRY)

This mitigation scenario combines Stehwand Swiff2 to evaluate discharges downstream. Individual
dam modeling indicated this combination of dams would provide good discharge reductiorstleam
in the towns of Nashville, Rocky Mount, Tarboro/Princeville, and Greenville. As shown in Figure 6
this scenario assumes both reservoirs are dry reservoirs.
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Figure6-10: Mitigation Scenario 3

Implementation of this scenario results in reduced peak flows downstream of the dams. Peak discharge
reduction occurs primarily in Nashville, north Rocky Mount, Tarboro/Princeville, and Greenville.
Because the StorY reservoir drainage area is relativelypall compared the Tar River drainage area at

the gage in Rocky Mount, Stofiydoes not provide peak flow reduction beyond the confluence of Stony
Creek and the Tar River except for the higher storm events. This scenario provides good peak flow
reductionin the Tarboro/Princeville and Greenville areas. Peak flow reduction and water surface
elevation changes area summarized for key locations within the study area in dliesnd 616.

Flood Event (return period), % Peak Reduction

Location 25 50 100 500 1000

10

[-95 at Stony Creek

USGS Gage in Rocky Mount

I-95 at Swift Creek

USGS Gage in Tarboro/Princevil

USGS Gage in Greenville

21.7% | 21.9% | 22.1% | 22.4% | 22.5%
0.0% 0.0% 0.0% 6.3% 10.2%
70.0% | 70.8% | 71.5% | 57.1% | 48.9%
4.2% 8.5% 11.7% | 13.2% | 14.2%
1.6% 3.8% 6.7% 8.2% 8.6%

Table6-15: Mitigation Scenario 3 Peak Discharge Reduction
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Flood Event (return period), Change in WSEL (ft)

Location 10 25 50 100 500 1000
[-95 at Stony Creek -1.2 -0.8 -1.5 -1.6 -1.6 -0.4
USGS Gage in Rocky Mount -0.0 -0.0 -0.1 -0.4 -1.3 -1.6
[-95 at Swift Creek -1.6 -2.2 -2.6 -3.0 -4.0 -5.1
USGS Gage in Tarboro/PrinceVvi/ts -0.5 -1.0 -1.4 -1.4 -1.6
USGS Gage in Greenville -0.1 -0.3 -0.4 -0.7 -0.9 -0.8

Table6-16: Mitigation Scenario 3 Peak Water Surface Elevation Change

Mitigation Scenario 3 Losses Avoided (direct damagedylitigation Scenario 3 provideggsificant

flood damage reduction in the study area. The table below summarizes percent flood damage reduction
compared to the baseline. Figurel@ indicates basin wide direct damage reduction if Mitigation

Scenario 3 were implemented. ReferAppendk (A) for community specific damage reduction tables

and curvedor each modeled storm event in Scenasio

Mitigation Scenario 3 Flood Damage Reduction
Event Baseline Damages Damage Reductiori Percent Reduction
10-yr $1,113,007 $25,995 2%
25-yr $3,487,944 $195,269 6%
50-yr $9,112,382 $1,505,720 17%
100-yr $71,922,886 $26,492,813 37%
500-yr $497,975,774 $161,984,545 33%

1000-yr $793,589,189 $200,270,016 25%

Matthew $112,654,580 $41,726,130 37%

Table6-17: Mitigation Scenario 3 Flood Damages
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Figure6-11: Scenario 3 Flood Damage Reduction Curve

Mitigation Scenario 3; Other Benefits- For this strategy is was assumed that the land inside the dry
reservoirs would be purchased by the State and that tax revenue would therefore decreaseodldis

be offset by leasing of the land for agriculture and other uses, such as hunting. No other recreational
benefits were considered for this scenario. Refer to TaHl8 6elow for additional information.

Stony-1 Swift-2

Property Acquisition $ 7,816,873| $ 12,849,512
Design/Construction $ 8,912,741 $ 9,539,239
Environmental Impacts $ 317,144| $ 272,000
Maintenancel/year $ 20,000| $ 20,000
Road Impacts $ - $ 5,324,792
Property Value Increase | - 1% -

Tax Revenue Changel/yeailgy (52,514) $ (86,092
Leasing Benefit/year $ 80,952| $ 121,553

Table6-18: Mitigation Scenario 3 Benefits and Costs
Mitigation Scenario 3; Benefit/Cost

Mitigation Scenario 3 B/C ratios were calculated forygar and 56year time horizons. B/C ratios
included; costs (property acquisition, damsiign and construction, highway impacts, environmental
impacts, operation and maintenance, and tax revenue decrease); benefits (land leasing potential for
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agriculture and hunting, direct and indirect losses avoided); Costs, benefits, and resulting B¥@netio
provided inTable 619 below.

Mitigation Scenario 3

Costs Losses Avoided Benefit Cost Ratio

Time Direct + Direct +

Horizon Initial Maintenance Direct Indirect Other Benefit Other Cost Direct Indirect
COREN $45,032,301| $1,200,000 | $38,968,416| $88,161,669| $6,075,141 | $4,158,171 0.89 1.87
SOAEE $45,032,301| $2,000,000 | $64,947,359 | $146,936,1149 $10,125,235| $6,930,285 1.39 291

Table6-19 - Mitigation Scenario 3 Benefit/Cost Ratio

Additional information regarding the damage assessment for this scenario can be folippgandix_ ¢
Scenarid@ DataDevelopment

Mitigation Scenario & Tarl Dam (Wet)

As shown in Figure-B2, this mitigation scenario considers the -Tadam as a wet detention feature to
evaluate discharges downstream. This scenario is expected to provide discharge reduction downstre
in the towns of Louisburg, Rocky Mount, Tarboro/Princeville, and Greenville.
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Figure6-12: Mitigation Scenario 4
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Implementation of this scenario results in reduced peak flows in many locations along the Tar River.
However, changes in the timing of hydrograph peaks and hydrograph combination downstrearrlof Tar
results in a slight increase in peak discharges in Rdokyt for the 100, 500, and 1006year events.

For the 106year event the peak flow increases 0.9% which equates to a discharge increase of 168 cfs.
Peak discharge reduction is summarized for key locations within the study area in Fablesn® 621

below.

Flood Event (return period), % Peak Reduction
Location 10 25 50 100 500 1000
Below Tar-1 Dam

USGS Gage in Rocky Mount
USGS Gage in Tarboro/Princevil
USGS Gage in Greenville

Table6-20 - Mitigation Scenario 4 Peak Discharge Reduction

Flood Event (return period), Change in WSEL (ft)

Location 10 25 50 100 500 1000
Below Tar-1 Dam -6.0 -6.4 -6.4 -6.6 -7.7 -8.2
USGS Gage in Rocky Mount +0.2 +0.1 +0.2 +0.2 +0.2 +0.2
USGS Gage in Tarboro/PrinceVi/ ez -0.1 -0.5 -0.5 -0.4 -0.4
USGS Gage in Greenville -0.0 -0.1 -0.2 -0.2 -0.3 -0.3

Table6-21 - Mitigation Scenario 4 Peak Water Surface Elevation Change

Mitigation Scenario4 - Losses AvoidedMitigation Scenario 4 provides flood damage reduction in the
study area, especially for the more frequent storm events. Tal@2 Below summarizes percent flood
damage reduction compared to the baseline. Figufs86ndicates basiwide direct damage reduction
if Mitigation Scenario 4 is implemented. RefeppendixA for community specific damage reduction
tablesand curvedor each modeled storm event in Scenadio

Tar-1 Mitigation'FIood Damage Reduction
Baseline Damages Damage Reduction Percent Reduction

$1,113,007 $ 321,639 29%
$3,487,944 $ 817,777 23%
$9,112,382 $ 2,019,500 22%
$71,922,886 $ 4,710,205 7%
$497,975,774 $ 29,297,780 6%
$793,589,189 $ 51,243,488 6%
$112,654,580 $ (4,939,970) -4%

Table6-22 - Mitigation Scenario 4 Flood Damages

Aspresented in Section 3 of this report, the rainfall during Hurricane Matthew was most intense just
west of Rocky Mount, well downstream of the Tlareservoir location. Due to the orientation of the
storm over tle Tar Basin and the spatial distribution of the rainfall, the proposed Taservoir would
not be expected to have much impact on the flooding damages. This is evident in P2bleh@re a

slight increase in damages was estimated during the Hurricaatéh®v event. This minor increase is
69



likely due to the effects of runoff hydrograph combination in Rocky Mount and disruption of the
hydrograph timing caused by the Threservoir Modeled peak discharges in Rocky Mount sirghtly
higher for the Mathew event with Tad in-place, resulting in increased water surface elevations and
increased calculated damages. More detailed hydrologic modeling of the basin ahadeEarvoir
combined with refinement of the Telk outlet structure is necessary to bettestimate hydrograph

timing in Rocky Mount and ensure the TlaReservoir operates in a way that reduces flows downstream
for all storm events.

Tar Basin Damage Curve

$900,000,000
$800,000,000
$700,000,000
$600,000,000
$500,000,000

$400,000,000

Total Damages

$300,000,000

$200,000,000

$0 =

10-yr 25-yr 50-yr 100-yr  Matthew  500-yr 1000-yr
Storm Event

Baseline Scenario 4

Figure6-13- Scenario 4 Flood Damage Reduction Curve

Mitigation Scenario 4 Other Benefits- Opportunities for recreation, property value increases, and tax
revenue increases were considered for Mitigation Scenario 4. Refer to B/C tables below for additional
information. Table €3 outlines the benefits andosts estimated for the Tal dam.
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Tar-1 (wet)

Property Acquisition $ 20,292,174
Design/Construction $ 27,327,198
Environmental Impacts $ 93,654,820
Maintenancel/year $ 300,000
Road Impacts $ 15,355,900
MOIEIWAEITEAGCCESCRN $ 76,867,553
Tax Revenue Changel/year g 676,434
Leasing Benefit/year $ -

* Property value and tax increase realized 1(
years after dam construction

Table6-23 - Mitigation Scenario 4 Benefits and Costs

Mitigation Scenario & Benefit/Cost - Mitigation Scenario 4 B/C ratios were calculated fory8@r and
50-year timehorizons. B/C ratios included; costs (property acquisition, dam design and construction,
highway impacts, environmental impacts, and operation and maintenance); benefits (property value
increase, direct and indirect losses avoided, and recreational lisjyefind other considerations (tax
revenue change). Costs, benefits, and resulting B/C ratios are provided in Rablew.

Mitigation Scenario 4

Costs Losses Avoided Benefit Cost Ratio

Time Direct + Direct +

Horizon Initial Maintenance Direct Indirect Other Benefit Other Cost Direct Indirect
COATEN $156,630,092 $9,000,000 | $9,712,494 | $25,833,625( $179,707,850 $0 1.14 1.24
BOAEN $156,630,092 $15,000,000| $16,187,491| $43,056,042( $209,711,539 $0 1.32 1.47

Table6-24 - Mitigation Scenario 4 Benefit/Cost Ratio

Additional information egarding the damage assessment for this scenario can be foukabiendixM ¢
Scenarial Data Development

Mitigation Scenario & Tar1l Dam (Dry)

This mitigation scenario considers the -Tadam as a dry detention feature to evaluate B/C ratios and
compae to Tarl as a wet reservoir. This scenario is expected to provide discharge reduction
downstream in the towns of Louisburg, Rocky Mount, Tarboro/Princeville, and Greenville similar to the
reductions seen for Tel as a wet reservoir. Figureld showshe location of Tatl for Scenario 5.
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Figure6-14 - Mitigation Scenario 5

The modeling for this scenario used the same outlet structure size as Scenario 4, so peak discharge
reduction downstream of thelam is the same as Scenario 4, and therefore damages are the same.
However, a dry reservoir will have lower dam construction costs, environmental mitigation costs, and
reduced roadway impacts while recreational benefits, property values, and tax revemag@ected to
decrease. Peak flow reduction and water surface elevation changes area summarized for key locations
within the study area in TablesZ and 626 below.

Flood Event (return period), % Peak Reduction

Location 10 25 50 100 500 1000
Below Tar-1 Dam 98.4% | 98.7% | 98.9% | 99.0% | 99.2% | 99.3%
USGS Gage in Rocky Mount 6.7% 4.8% 2.4% -0.9% | -25% | -2.4%
USGS Gage in Tarboro/Prince Vi/ gt esz) 0.5% 5.0% 6.0% 4.6% 4.2%
USGS Gage in Greenville -0.3% | -0.3% 1.8% 2.5% 2.4% 2.5%

Table6-25 - Mitigation Scenario 5 PdaDischarge Reduction
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Flood Event (return period), Change in WSEL (ft)
Location 10 25 0] 100 500 1000
Below Tar-1 Dam -6.0 -6.4 -6.4 -6.6 -7.7 -8.2
USGS Gage in Rocky Mount +0.2 +0.1 +0.2 +0.2 +0.2 +0.2
USGS Gage in Tarboro/Prince Vit -0.1 -0.5 -0.5 -0.4 -0.4
USGS Gage in Greenville -0.0 -0.1 -0.2 -0.2 -0.3 -0.3

Table6-26 - Mitigation Scenario 5 Peak Water Surface Elevation Change

Mitigation Scenario 5 Losses AvoidedMitigation Scenario 5 will provide flood damage reduction in
the study aea equaling Scenario 4. Tabl2®Bbelow summarizes percent flood damage reduction
compared to the baseline. Figurel6 indicates basin wide direct damage reduction if Mitigation
Scenario 5 is implemented. Since Scenario 4 and 5 damage results sagnbeRefer to Scenario 4
community specific damage reduction tabkasd curvedor each modeled storm eveimt AppendixA.

Tar-1 Mitigation Flood Damage Reduction
Event Baseline Damages Damage Reduction Percent Reduction

10-yr $1,113,007 $ 321,639 29%
25-yr $3,487,944 $ 817,777 23%
S0-yr $9,112,382 $ 2,019,500 22%
100-yr $71,922,886 $ 4,710,205 7%
500-yr $497,975,774 $ 29,297,780 6%
1000-yr $793,589,189 $ 51,243,488 6%
Matthew $112,654,580 $ (4,939,970) -4%

Table6-27 - Mitigation Scenario 5 Flood Damages

As discussed for the previous mitigation scenario forITas a wet reservoir, due to the spatial
distribution of rainfall Tad. as a dry reservoir is not expected to have much impact on flood damages
during Hurricane MatthewDue to the effects of rundéhydrograph combination in Rocky Mount and

disruption of the hydrograph timing caused by the-Taleservoir, modeled peak discharges in Rocky
Mount areslightlyhigher for the Matthew event with Tat in-place, resulting in increased water surface

elevations and increased calculated damages. More detailed hydrologic modeling of the basin-and Tar

reservoir combined with refinement of the Faroutlet structure is necessary to better estimate
hydrograph timing in Rocky Mount and ensure the-Td&eservaioperates in a way that reduces flows
downstream for all storm events.
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Tar Basin Damage Curve
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Figure6-15- Scenario 5 Flood Damage Reduction Curve

Mitigation Scenario & Other Benefits- For this analysis it was assumeathecreation benefits in a

dry reservoir are limited to leasing the land for agriculture and hunting uses. Property values are not
expected to increase and tax revenues are expected to decrease with a dry reservoir. -Z@ble 6
outlines the benefits andosts estimated for the Tdr dam.

Tar-1 (dry)
Property Acquisition $ 11,388,593
Design/Construction $ 10,003,196
Environmental Impacts $ 241,872
Maintenance/year $ 20,000
Road Impacts $ 10,805,660
Property Value Increase* |3 -
Tax Revenue Changel/yearjgs (100,220
Leasing Benefit/year $ 84,881

Table6-28 - Mitigation Scenario 5 Benefits and Costs
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Mitigation Scenario & Benefit/Cost - Mitigation Scenario 5 B/C ratios were calculated fory8@r and
50-year timehorizons. B/C ratios included the following: costs (property acquisition, dam design and
construction, highway impacts, environmental impacts, and operation and maintenance); benefits
(direct and indirect losses avoided, and leasing benefits); and otimesiderations (tax revenue change).
Costs, benefits, and resulting B/C ratios are provided in TaB8l&low.

Mitigation Scenario 5

Time Costs Losses Avoided Benefit Cost Ratio
Horizon Initial Maintenance Direct Direct + Other Benefit Other Cost Direct Direct +
CATEN $32,439,321| $600,000 $9,712,494 | $25,833,625| $2,546,415 | $3,006,589 0.34 0.79
SOAGEN $32,439,321| $1,000,000 | $16,187,491| $43,056,042| $4,244,025 | $5,010,981 0.53 1.23

Table6-29 - Mitigation Scenario 5 Benefit/Cost Ratio

Additional information regarding the damge assessment for this scenario can be founjopendixN ¢
Scenarid Data Development

Mitigation Scenario & Little Fishingl Dam (Wet)

This mitigation scenario considers the Little FisHirdpm as a wet reservoir to evaluate discharge
reduction dowstream. This scenario is expected to provide discharge reduction downstream along
Little Fishing Creek, Fishing Creek, Tar River, and in the towns of Tarboro/Princeville and Greenville.
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Figure6-16 - Mitigation Scenario 6

75



Peak discharge reduction is realized with this scenario for the larger storm events. Peak flow reduction
and water surface elevation changes area summarized for key locations within the study area in Tables
6-30 and 631 below.

Flood Event (return period), % Peak Reduction

Location 10 25 50 100 500 1000
[-95 at Little Fishing Creek 66.1% | 75.7% | 80.5% | 84.0% | 89.2% | 84.6%
USGS Gage in Tarboro/Prince Vi /gt As 1 I ASL) 5.1% 5.4% 5.1% 5.8%
USGS Gage in Greenville -20% | -1.5% | 0.8% 1.7% 2.3% 2.9%

Table6-30 - Mitigation Scenario 6 Peak Discharge Reduction

Flood Event (return period), Change in WSEL (ft)

Location 10 25 50 100 500 1000
[-95 at Little Fishing Creek . -1.9 -2.4 -2.7 -4.2 -4.5
USGS Gage in Tarboro/Princevil -0.1 -0.4 -0.5 -0.4 -0.5
USGS Gage in Greenville +0.0 -0.1 -0.1 -0.3 -0.3

Table6-31- Mitigation Scenario 6 Peak Water Surface Elevation Change

Mitigation Scenario 6 Losses AvoidedMitigation Scenario 6 will provide flood damage reduction in
the study area equaling Scenario 5. Tab&2@elow summarizes percent flood damage reduction
compared to the baseline. Figurel®@ indicates basin waldirect damage reduction if Mitigation
Scenario 6 is implemented. ReferAppendix A focommunity specific damage reduction tabkasd
curvesfor each modeled storm event in Scenario 6.

Little Fishing-1 Flood Damage Reduction

Baseline Damages Damage Reduction Percent Reduction
Event $1,113,007 -$28,495 -3%
25-yr $3,487,944 $68,260 2%
50-yr $9,112,382 $564,865 6%

100-yr $71,922,886 $6,406,996 9%

500-yr $497,975,774 $27,970,266 6%
1000-yr $793,589,189 $50,020,452 6%
Matthew $112,654,580 $941,306 1%

Table6-32 - Mitigation Scenario 6 Flood Damages

Due to the effects of runoff hydrograph combination and disruption of hydrograph timing at
downstream confluences near Tarboro caused by the Little Fighiegervoir, modeled peak discharges
in Tarboro/Princevillerad Greenville are slightly higher for the-§0and 25yr events with Little Fishing

1 dry reservoir in place. For the-§0event, this results in a slight increase in calculated damages. A
more detailed study of this scenario is needed to determirtbabe damage increases actually occur
during the 10yr storm event.
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Tar Basin Damage Curve
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Figure6-17 - Scenario 6 Flood Damage Reduction Curve

Mitigation Scenario & Other Benefits- Opportunities for recreation, property e increases, and tax
revenue increases were considered for Mitigation Scenario 6. Ta®8eobitlines the benefits and costs
estimated for this scenario.

Little Fishing-1 (wet

Property Acquisition $ 10,471,151
Design/Construction $ 62,322,852
Environmental Impacts $ 73,408,718
Maintenancel/year $ 300,000
Road Impacts $ 10,675,297
Property Value Increase* E3 95,544,720
Tax Revenue Change/year’ |3 1,015,640
Leasing Benefit/year $ -

* Property value and tax increase realized 10 ye
after dam construction

Table6-33 - Mitigation Scenario 6 Benefits and Costs
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Mitigation Scenario & Benefit/Cost - Mitigation Scenario 6 B/C ratios were calculated fory8@r and
50-year time horizons. B/C ratios included the following: costs (property acquisition, dam design and
constuction, highway impacts, environmental impacts, and operation and maintenance); benefits
(property value increase, direct and indirect losses avoided, and recreational benefits); and other
considerations (tax revenue increase). Costs, benefits, andiregBlC ratios are provided in Table 6

34 below.

Mitigation Scenario 6

Time Costs Losses Avoided Benefit Cost Ratio
Horizon Initial Maintenance Direct Direct + Other Benefit Other Cost Direct Direct +
ALY $156,878,018 $9,000,000 | $8,067,250 | $17,839,866| $197,835,461 $0 1.24 1.30
COATEEN $156,878,018 $15,000,000| $13,445,417| $29,733,109 | $232,803,268 $0 1.43 1.53

Table6-34 - Mitigation Scenario 6 Benefit/Cost Ratio

Additional information regarding the damage assessment for this scenario can be folipdendixO ¢
Scenario6 Data Development

Mitigation Scenario %, Little Fishingl Dam (Dry)

As shown below in FigurelB, this mitigation scenario considers the Little FisHirdam as a dry
reservoir to compare the B/C ratio with Scenario 6. This scenario is edpeqieovide discharge
reduction downstream along Little Fishing Creek, Fishing Creek, Tar River, and in the towns of
Tarboro/Princeville and Greenville similar to the reductions seen for Little FH$hire reservoir
scenario.
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Figure6-18 - Mitigation Scenario 7
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The modeling for this scenario used the same outlet structure size as the Scenario 6, resulting in the
same peak discharge reduction and accordingly the same damages. However, with a dry resstrvoir
savings will be realized in dam construction, environmental mitigation, and roadway impacts while
recreational benefits, property values, and tax revenue are expected to decrease. Peak flow reduction
and water surface elevation changes area sumredripbr key locations within the study area in Tables

6-35 and 636 below.

Flood Event (return period), % Peak Reduction
Location 10 25 50 100 500 1000

[-95 at Little Fishing Creek
USGS Gage in Tarboro/Princevil
USGS Gage in Greenville

Table6-35 - Mitigation Scenario 7 Peak Discharge Reduction

Flood Event (return period), Change in WSEL (ft)

Location 10 25 50 100 500 1000
[-95 at Little Fishing Creek -1.1 -1.9 -2.4 -2.7 -4.2 -4.5
USGS Gage in Tarboro/PrinceVi/ et -0.1 -0.4 -0.5 -0.4 -0.5
USGS Gage in Greenville +0.1 +0.0 -0.1 -0.1 -0.3 -0.3

Table6-36 - Mitigation Scenario 7 Peak Water Surface Elevation Change

Mitigation Scenario 7 Losses AvoidedMitigation Scenario 7 provides flood damage reduction for
areas downstream especially for the larger storm events. TaBlEkelow summarizes percent flood
damage redction compared to the baseline. Figurd® indicates basin wide direct damage reduction
if Mitigation Scenario 7 is implemented. ReferppendixAfor community specific damage reduction
tablesand curvedor each modeled storm event in Scenaio

Little Fishing-1 Flood Damage Reduction

Baseline Damages Damage Reduction Percent Reduction
Event $1,113,007 -$28,495 -3%
25-yr $3,487,944 $68,260 2%
50-yr $9,112,382 $564,865 6%
100-yr $71,922,886 $6,406,996 9%
500-yr $497,975,774 $27,970,266 6%
1000-yr $793,589,189 $50,020,452 6%
Matthew $112,654,580 $941,306 1%

Table6-37 - Mitigation Scenario 6 Flood Damages

Due to the effects of runoff hydrograph combination and disruption of hydrograph timing at

downstream confluences near Tarboro caused by the Little Fighiagervoir, modeled peak discharges

in Tarboro/Princeville and Greenville are slightly higher ier 10yr and 25yr events with Little Fishing

1 inplace, resulting in minor increases in water surface elevations and increased calculated damages. A
more detailed study of this scenario is needed to confirm these damage increases.
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Figure6-19- Scenario 7 Flood Damage Reduction Curve

1000-yr

Mitigation Scenario & Other Benefits- For this analysis it was assumed that recreation benefits in a
dry reservoir are limited to leasing the land for agriculture andthng uses. Property values are not
expected to increase and tax revenues are expected to decrease with a dry reservoir. -3&ble 6
outlines the benefits and costs estimated for this dam.

Little Fishing-1 (dry)

Property Acquisition $ 6,381,082
Design/Construction $ 40,627,442
Environmental Impacts $ 310,580
Maintenancel/year $ 20,000
Road Impacts $ 4,251,188
Property Value Increase* &3 -

Tax Revenue Changelyear g (64,038
Leasing Benefit/year $ 214,547

Table6-38 - Mitigation Scenario 7 Benefits and Costs
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Mitigation Scenario & Benefit/Cost - Mitigation Scenario 7 B/C ratios were calculated fory8@r and
50-year time horizons. B/C ratios included; costs (property acquisition, dam design and construction,
highwayimpacts, environmental impacts, and operation and maintenance); benefits (direct and indirect
losses avoided, and leasing benefits); and other considerations (tax revenue change). Costs, benefits,
and resulting B/C ratios are provided in Tabig%below.

Mitigation Scenario 7

Costs Losses Avoided Benefit Cost Ratio

Time Direct + Direct +

Horizon Initial Maintenance Direct Indirect Other Benefit Other Cost Direct Indirect
AL $51,570,292| $600,000 $8,067,250 | $17,839,866| $6,436,417 | $1,921,155 0.27 0.45
SORCEEN $51,570,292| $1,000,000 | $13,445,417| $29,733,109( $10,727,362| $3,201,925 0.43 0.73

Table6-39 - Mitigation Scenario 7 Benefit/Cost Ratio

Additional information regarding the damage assessment for this scenario can be folipdendixP ¢
Scenario 1 Data Development

f  Mitigation Scenario8 ¢ Stony-1 Dam
As shown in Figure-B0 this mitigation scenario considers the Stdnglam as a dry reservoir to evaluate
downstream discharge reduction. This dry reservoir controls a relatively small drainage area and is
intended to primarily provide discharge reductialong Stony Creek and in the cities of Nashville and
northern portions of Rocky Mount.
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Figure6-20 - Mitigation Scenario 8

Implementation of this scenario results in reduced peak flows along Stonk €reall modeled storm
events. Peak discharge reduction and associated water surface elevation changes are summarized for
key locations within the area affected by this scenario in Talfle.6As shown in Table4®, Stonyl

can reduce discharges and teasurface elevations significantly up to the confluence with Tar River.
Beyond that point the Tar River drainage area is much larger and the overall discharge reduction from
Stonyl is much less. However, some discharge reduction is possible fordgke $éorm events further
downstream in Rocky Mount and Tarboro/Princeville.

Flood Event (return period), % Peak Reduction

Location
I-95 at Stony Creek
Mouth at Tar River

USGS Gage in Rocky Mount
USGS Gage in Tarboro/Princevil

10

25

50

100

500

1000

21.7% | 20.0% | 19.6% | 19.2% | 18.8% [ 18.7%
18.7% | 19.2% | 17.7% | 16.6% | 15.4% | 15.1%
-1.0% | -0.7% | -0.4% | -0.2% 6.3% 10.2%
4.1% 0.3% 1.0% 1.4% 1.9% 2.2%

Table6-40 - Mitigation Scenario 8 Peak Discharge Reduction
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Flood Event (return period), Change in WSEL (ft)

Location 10 25 0] 100 500 1000
[-95 at Stony Creek -1.2 -0.8 -1.5 -1.6 -1.6 -0.4
Mouth at Tar River -0.2 -0.3 -0.3 -0.3 -0.9 -1.3
USGS Gage in Rocky Mount -0.0 -0.0 -0.1 -0.4 -1.3 -1.5
USGS Gage in Tarboro/PrinceVi/ g se] -0.1 -0.2 -0.2 -0.2 -0.2

Table6-41 - Mitigation Scenario 8 Peak Water Surface Elevation Change

Mitigation Scenario 8 Losses AvoidedMitigation Scenario 8 provides flood damage reduction for
areas downstream especially along Stony Creek. Tadlel®low summarizes percent flood damage
reduction compared to the baseline. Figur@bindicates basin wide direct damage reduction if
Mitigation Scenario 8 is implemented. RefeppendixAfor community specific damage reduction
tablesand curvedor each modeled storm event in Scenasio

Stony-1 Mitigation Flood Damage Reduction

Baseline Damages Damage Reduction Percent Reduction
Event $1,113,007 $25,936 2%
25-yr $3,487,944 $164,159 5%
50-yr $9,112,382 $958,486 11%
100-yr $71,922,886 $11,810,998 16%
500-yr $497,975,774 $109,169,347 22%
1000-yr $793,589,189 $120,668,194 15%
Matthew $112,654,580 $37,089,434 33%

Table6-42 - Mitigation Scenario 8 Flood Damages
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Figure6-21 - Scenario 8 Flood Damage Reduction Curve

Mitigation Scenario & Other Benefits- Forthis analysis it was assumed that recreation benefits in a
dry reservoir are limited to leasing the land for agriculture and hunting uses. Property values are not
expected to increase and tax revenues are expected to decrease with a dry reservoir6-Zable
outlines the benefits and costs estimated for this scenario.
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Stony-1
Property Acquisition 7,816,873
Design/Construction 8,912,741
Environmental Impacts 317,144
Maintenance/year 20,000
Road Impacts -
Property Value Increase* -
Tax Revenue Changelyear’ (52,514
Leasing Benefit/year 80,952

Table6-43 - Mitigation Scenario 8 Benefits and Costs

Mitigation Scenario &; Benefit/cost- Mitigation Scenario 8 B/C ratios were calculated30-year and
50-year time horizons. B/C ratios included; costs (property acquisition, dam design and construction,
highway impacts, environmental impacts, and operation and maintenance); benefits (direct and indirect
losses avoided, and leasing bet®fiand other considerations (tax revenue change). Costs, benefits,
and resulting B/C ratios are provided in Table&itelow.

Mitigation Scenario 8

Costs Losses Avoided Benefit Cost Ratio

Time Direct + Direct +

Horizon Initial Maintenance Direct Indirect Other Benefit Other Cost Direct Indirect
COATCEN $17,046,758| $600,000 $24,479,875| $49,648,275( $2,428,560 | $1,575,419 1.40 2.71
SOACE $17,046,758| $1,000,000 | $40,799,792| $82,747,125| $4,047,600 | $2,625,699 2.17 4.20

Table6-44 - Mitigation Scenario 8 Benefit/Cost Ratio

Additional information regarding the damage assessment for this scenario can be fopgendixQ ¢
Scenarid Data Development

f  Mitigation Scenario & Swift-2 Dam
As shown below in FigureZ2, this mitigation scenario considers the SWiflam as a drreservoir to
evaluate downstream discharge reduction. This dry reservoir would control discharges along Swift
Qeek and Tar River through the cities of Tarboro/Princeville and Greenville.
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Implementation of this scenario results in reduced peak flows for all modeled storm events. Peak
discharge reduction and associated water surface elevation changes are summarized for key locations
within the area affected by thiscenario. As shown in Tableg® and 646, the Swift2 dam can reduce
discharges and water surface elevations significantly up to the confluence with Tar River. Beyond that
point the Tar River drainage area is much larger and the reduced dischargest asepronounced.
However, an 8.3% reduction in discharge for the-§6@r event at the Tarboro gage equates to a water
surface elevation decrease of approximately-ft.1

Figure6-22 - Mitigation Scenario 9

Flood Event (return period), % Peak Reduction
Location 10 25 50 100 500 1000

[-95 at Swift Creek 705% | 71.2% | 71.9% | 57.2% | 49.1%
Mouth at Tar River 45.6% | 47.0% | 47.8% | 49.2% | 49.9%
USGS Gage in Tarboro/Princevil 1.3% 5.7% 8.3% 8.6% 9.7%
USGS Gage in Greenville 0.0% 2.0% 4.4% 5.6% 5.9%

Table6-45 - Mitigation Scenario 9 Peak Discharge Reduction
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Location
I-95 at Swift Creek
Mouth at Tar River

USGS Gage in Tarboro/Princevil
USGS Gage in Greenville

10

25

50

100

Flood Event (return period), Change in WSEL (ft)

500

1000

-1.6 -2.2 -2.6 -3.0 -4.0 -5.1
-0.0 -0.6 -1.0 -1.3 -1.2 -1.9
+0.0 -0.2 -0.7 -1.1 -0.9 -1.1
-0.0 -0.1 -0.3 -0.4 -0.6 -0.6

Table6-46 - Mitigation Scenario 9 Peak Water Surface Elevation Change

Mitigation Scenario 9 Losses AvoidedMitigation Scenario 9 provides flood damageluction for
areas downstream especially along Swift Creek. Tablelelow summarizes percent flood damage
reduction compared to the baseline. Figure 6 23 indicates basin wide direct damage reduction if
Mitigation Scenario 9 is implemented. Refe®opendixAfor community specific damage reduction
tablesand curvedor each modeled storm event in Scenadio

Percent Reduction

Baseline Damages Damage Reduction

Event $1,113,007 $9,141 1%
25-yr $3,487,944 $108,002 3%
50-yr $9,112,382 $548,315 6%
100-yr $71,922,886 $12,303,037 17%
500-yr $497,975,774 $52,354,062 11%
1000-yr $793,589,189 $83,218,182 10%
Matthew $112,654,580 $2,857,712 3%
Table6-47 - Mitigation Scenario 9 Flood Damages
Tar Basin Damage Curve
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Figure6-23- Scenario 9 Flood Damage Reduction Curve
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Mitigation Scenario & Other Benefits- For this analysis it was assumed that recreation benefits in a
dry reservoir are limited to leasing the land for agriculture and hunting.uggoperty values are not
expected to increase and tax revenues are expected to decrease with a dry reservoir. -Z@ble 6
outlines the benefits and costs estimated for each of the dams.

Swift-2

Property Acquisition 12,849,512
Design/Construction 9,539,239
Environmental Impacts 272,000
Maintenance/year 20,000
Road Impacts 5,324,792
Property Value Increase* -

Tax Revenue Changelyear’ (86,092
Leasing Benefit/year 121,553

Table6-48 - Mitigation Scenario 9 Benefits and Costs

Mitigation Scenari® ¢ Benefit/cost - Mitigation Scenario 9 B/C ratios were calculated foty@ar and
50-year time horizons. B/C ratios included; costs (property acquisition, dam design and construction,
highway impats, environmental impacts, and operation and maintenance); benefits (direct and indirect
losses avoided, and leasing benefits); and other considerations (tax revenue change). Costs, benefits,
and resulting B/C ratios are provided in Tablé%below.

Mitigation Scenario 9

Time Costs Losses Avoided Benefit Cost Ratio
Horizon Initial Maintenance Direct Direct + Other Benefit Other Cost Direct Direct +
CSOATEEN $27,985,543| $600,000 $14,519,007| $36,315,652| $3,646,581 | $2,582,752 0.58 1.28
SOACEN $27,985,543| $1,000,000 | $24,198,345| $60,526,087 | $6,077,634 | $4,304,586 0.91 2.00

Table 6-49 - Mitigation Scenario 9 Benefit/Cost Ratio

Additional information regarding the damage assessment for this scenario can be folipdendixR¢
Scenari® Data Development

Strategy 2¢ Retrofit of Existing Detention Structures

Existing Structures in the basin were assessed for potential to be retrofitted for additional flood storage and
reduction of downstream discharges. Two possible structures for retrofit are Lake Royale and the Tar River
Reservoir. Lake Royale is locatedaatributary to the Tar River upstream of Rocky Mount. Due to intense
development around the lake it was determined that retrofitting this reservoir to increase flood storage either
by raising the dam or converting the reservoir to a dry reservoir winjhct a substantial number of existing
structures and was not pursued further.

The Tar River Reservoir is an existing water supply reservoir operated by The City of Rocky Mount. This reservoir
is located upstream of Rocky Mount and was included irbtseline hydrologic study. The Tar Basin study
analyzed two potential scenarios for this dam to reduce downstream discharges that are discussed below:

f Gate operation modification
f Reservoir expansion to improve flood storage
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Gate Operations The City oRocky Mount provided its Administrative Policy for operating the
gates at the dam. Under normal operations the gates remain fully upright, and the river spills
over the gates. Lowering the gates is done for routine maintenance or periodic testingg Duri
Tt22R SOSyia (KS /i Li2ti0d 014 721 (KS aLittg 1 31-0Sa (2 NSY Iy Fartte drLIKG (2 Y I-EY TS S1-0S0

in the reservoir and the City may lower the gates prior to or during flood conditions to prevent
the lake level from threatening the gate hydraulic teyss or the dam itself. The reservoir
operates at normal pool or above. It is not designed for flood control and has no capacity to
reduce floodwaters downstream.

HEGHMS modeling was performed to evaluate the potential for gate operations that wouldt res

in discharge reduction from the Tar River Reservoir. The baselinelMECGnodel assumes the
gates are fully upright. A second HHRS model was developed with the gates fully lowered.
Model results were compared and indicate that peak dischargerdifices from these two
models are less than 1%. These results indicate that regardless of gate position, the Tar River
Reservoir has negligible effect on peak discharges downstream of the dam for all modeled storm
events.

Following Hurricane Matthew, it&s discovered that the hydraulic system of one of the Tar River
Reservoir gates had malfunctioned and allowed the gate to partially lower at some point during
the storm event. Based on the results of the modeling described above, this partially lowered
gate position would not have modified peak discharges downstream or caused increased flood
damages downstream.

Based on the modeling results, modification of the Tar River Reservoir gate operations was not
pursued as a mitigation scenario.

Reservoir Expasion- Expansion of the Tar River Reservoir and modifying the dam to perform as
a flood control structure was considered as a mitigation scenario. Initial data collection was
performed to evaluate the potential for raising the dam and to determine $imgithe dam would
reduce peak discharges downstream. Topographic conditions near the dam could allow raising
the dam approximately eight feet. It was assumed that new outlet works would be necessary for
improved flood storage. It was also assumed tthet normal water surface elevation would
remain at the same elevation as is currently maintained by the City of Rocky Mount under normal
conditions.

Storage behind the dam is limited by topographic conditions and was found to be a limiting factor.
Even wih the dam raised eight feet, the reservoir would only be able to store approximately 13%

of the 100year storm event. A HEEMS model was developed to determine peak discharge
reduction downstream of the higher dam based on the increased dam height.elMeslults

indicate peak flow decreases of 0.5% at the USGS gage in Rocky Mount, 1.1% at the USGS gage in
Tarboro/Princeville, and 2.3% reduction at Greenville. These reductions are primarily a function

of the disruption of hydrograph timing downstreangtractual flow reduction from the reservoir.

Property around the Tar River Reservoir is mostly developed so raising the dam would require
acquisition of property and existing buildings. Using Nash County tax records and GIS analysis, it
was determined thaacquisition costs alone would exceed $100 million if the dam were raised.
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With high acquisition costs and only minor peak flow reduction it was determined that this
scenario would not provide favorable B/C ratios and that raising the Tar River ReBamvowas
not a viable mitigation scenario.

Strategy 3¢ Offline Storage

Quarries have the potential to serve as offline storage during large flood events. Capturing volume from a flood
could reduce the peak discharges downstream. Two quarries were igehntif the Tar Basin for further study.

By connecting the quarries to the floodplain, flood storage volume would increase resulting in peak discharge
reduction downstream. The location of the quarries is shown in Figlrk 6

Figure6-24 - Offline Quarry Locations

The effects of adding storage from the quarries were evaluated usingHNE software. Quarry storage
volume was determined using LIDAR topographic data. It was assumed that the quarry stoubdjenly occur
for the 100, 500, and 1006year events. Based on the initial modeling it was determined that the quarry
storage volume is very small compared to the overall flood volume at those locations for all modeled storm
events. For instance, éhTar River quarry can only store 1.6% of the-€ér flood volume, and the Swift Creek
guarry can only store 1.8% of the 198ar flood volume. HEBMS modeling results indicate that the Tar River
quarry can reduce 109@ear peak flows by 0.9% at the Baro/Princeville gage and the Swift Creek quarry can
reduce 106year peak flows by only 0.3% at the Tarboro/Princeville gage.
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https://www.nhgis.org/
https://www.census.gov/geo/maps-data/data/tiger-data.html
https://www.census.gov/geo/maps-data/data/tiger-data.html
https://pubs.er.usgs.gov/publication/ofr20161205
https://pubs.er.usgs.gov/publication/ofr96499
https://pubs.usgs.gov/wri/wri004093/index.html
https://pubs.usgs.gov/sir/2009/5158/
http://www4.ncsu.edu/~nwsfo/storage/cases/19990915/
http://pubs.usgs.gov/sir/2009/5158/pdf/sir2009-5158.pdf
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