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Executive Summary

Communities along th&ar,Neuse Lumber, and CashRives have experienced major flooding events over the

past 25 yearsvith Hurricaned=ran (1996) ané&loyd (1999), and Matthew (2018l ranking among the most
destructive storms in state history. Tltamagefrom these stormsvasdue primarily toflooding that resulted

from the widespread heavy rains that accompanied the stotmsesponse to Hurricane Matthew, and the

need to improve the resiliency of communities to flooding, Governor Cooper s&btion river basin studies on

the Tar, Neuse, Lumbgand 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 Carolina Division of Emergency Management, in partnership with North Carolina
Department of Transportation, and River Basin Advisory Committees. This report provides assessments of
flooding sources, structural flood impact, apl&nning level mitigation strategies for the Neuse River Basin.

Mitigation Strategiesand Scenarios

Twelve strategies for flood mitigation were developed by North Carolina Emergency Management (NCEM) in
coordination with other agencies and stakeholderl.ofstions are addressed in the body of the report and
appendices. Of the strategies, five were selected as the most viable and were investigated further during this
planning study. Of the five broad strategies, a total of twelve scenarios were analyeeithserts Figure ES.1

and Table ES.1 show these twelve scenarios along with location, costs, and beas$iteiated with each

Direct losses include estimates of losses based on structural damage and loss of property and contents. Indirect
losses includestimates for items such as temporary relocation, lost income and wages, lost sales, and lost rent.

As indicated in Figure ES.1, certain scenarios are targeted for specific reaches along the river while others
provide a broader damage reduction. In pauter, Channel Modification (Scenario 9) is focused in and around
Kinston; New Embankment Structures (Scenario 10) is focused on Seven Springs; and, Roadway Clear Spanning
(Scenario 11) only shows benefit in Smithfield and Johnston County. New Deteniidiegé8cenarios 18)

provide differing levels of benefit for different communities depending on the dams considered in the specific
scenario. Elevation/Acquisition/Relocation (Scenarios-112a) can provide benefit throughout the watershed

to the most vulnerable structures and communities depending on how it is implemented.

Analysis and Findings

In order to provide a higlkevel comparison of the mitigation scenarios analyzed, a series of tables ranking the
scenarios using different criteria are prded. A consideration for selecting which scenario to pursue further is
implementation time.Table ES.2 shows the strategies pursued and estimated timeframes for implementation
The shortest timeframe is the elevation, acquisition, relocation strategy whiektimated at 3 to 5 yearén
elevation, acquisition, relocatiogffort is currently underway following Hurricane Matthew and the first initial
funding awards for qualified properties were received in April 268.new detention facilities two typesf
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
event where the flow is outside the bankstbé river. A wet detention facility does have a permanent pool.
Implementation of a wet facility will likely require a longer timeframe since the environmental impact
considerations will be greater.



Table ES.1 - Neuse River Benefit-Cost Sun

Mitigation
Scenario

Time
Horizon

Property
Acquisition

Implementation Costs

Designi

Construction

Envrionmental

Road
Impacts

Ongoing Costs

Maintenance

Tax Revenu
Loss

Direct Losse

Avoided

Direct & Indirec
Losses Avoided

Benefits

Leasing

Recreation

Tax Revenu Property Value

Increase

Increase

Benefit Cost Ratio

Direct

Direct &
Indirect

1 30-y1 $74,928,00 $58,500,00 $11,308,00| $41,907,00| $5,700,00| $13,260,00f $71,933,84 $168,447,66| $13,410,00 $43,900,00( $2,680,00 $10,681,00] 0.6€ 1.1¢€
50-y1 $74,928,00 $58,500,00 $11,308,00f $41,907,00|f $9,500,00| $22,100,00| $119,889,74 $280,746,10| $22,350,00 $50,900,00f $5,360,00! $10,681,00f 0.9¢ 1.7C

2a 30-y1 $23,096,00| $625,500,00 $146,00( $12,689,00 $600,00( $6,300,00f $63,458,67 $152,751,60| $30,480,00 $0 $0 $0] 0.14 0.27
50-y1 $23,096,00| $625,500,00 $146,00( $12,689,00] $1,000,00 $10,500,00| $105,764,46 $254,585,99| $50,800,00 $0 $0 $0] 0.2t 0.4

2b 30-y1 $24,490,00| $625,500,00 $45,391,00| $12,689,00| $9,000,00| $6,300,00f $63,458,67 $152,751,60| $19,530,00| $197,600,00f $8,240,00! $32,978,000 0.44 0.57
50-y1 $24,490,00| $625,500,00 $45,391,00| $12,689,00| $15,000,00/ $10,500,00| $105,764,46 $254,585,99| $32,550,00| $229,000,00( $16,480,00 $32,978,000 0.57 0.77

3 30-y1 $81,372,00 $71,300,00 $30,204,00| $40,268,00| $9,600,00| $16,290,00f $76,307,48 $179,419,39| $10,650,00| $184,700,00( $4,680,00 $18,692,000 1.1¢ 1.6C
50-y1 $81,372,00 $71,300,00 $30,204,00| $40,268,00| $16,000,00| $27,150,00| $127,179,13 $299,032,32| $17,750,00| $214,700,00[ $9,360,00 $18,692,000 1.4¢ 2.1C

4 30-y1 $83,629,00 $75,600,00 $296,00(] $40,268,00] $1,800,00 $16,290,001 $75,649,95 $178,024,48| $12,120,00 $0 $0 $0] 0.4C 0.87
50-y1 $83,629,00 $75,600,00 $296,00(] $40,268,00] $3,000,00 $27,150,00| $126,083,26 $296,707,46| $20,200,00 $0 $0 $0] 0.64 1.3¢

5 30-y1 $32,031,00 $22,300,00 $11,114,00| $23,377,00f $4,500,00| $5,610,00] $31,641,06 $75,552,63| $6,600,00| $43,900,00( $2,680,00 $10,681,000 0.97 1.41
50-y1 $32,031,00 $22,300,00 $11,114,00| $23,377,00f $7,500,00| $9,350,00] $52,735,10 $125,921,06] $11,000,00 $50,900,00f $5,360,00! $10,681,000 1.24 1.9¢

6 30-y1 $47,106,00 $40,300,00 $11,200,00| $31,670,00|f $5,100,00| $7,800,00] $53,109,76 $131,753,98| $11,070,00 $43,900,00( $2,680,00 $10,681,000 0.8t 1.4C
50-y1 $47,106,00 $40,300,00 $11,200,00| $31,670,00|f $8,500,00| $13,000,00|f $88,516,27 $219,589,98| $18,450,00 $50,900,00f $5,360,00! $10,681,000 1.1F 2.01

7 30-y1 $18,696,00 $25,100,00 $91,00(]  $6,654,00! $600,00( $5,220,00f $23,282,81 $48,974,65| $2,160,00! $0 $0 $0] 0.4F 0.91
50-y1 $18,696,00 $25,100,00 $91,00(| $6,654,000 $1,000,00 $8,700,00 $38,804,68 $81,624,42|  $3,600,00! $0 $0 $0] 0.7 1.41

8 30-y1 $27,822,00 $18,200,00 $108,00( $10,237,00 $600,00(] $5,460,00( $16,496,85 $32,749,60| $2,340,00 $0 $0 $0] 0.3C 0.5€
50-y1 $27,822,00 $18,200,00 $108,00( $10,237,00] $1,000,00( $9,100,00 $27,494,75 $54,582,67| $3,900,00! $0 $0 $0] 0.47 0.8¢

9 30-y1 $0| $20,036,00 $0 $0| $12,000,00 $0[ $35,137,00 $87,336,00 $0 $0 $0 $0] 1.1C 2.7¢
50-y1 $0|  $20,036,00 $0 $0| $20,000,00 $0| $58,562,00 $145,560,00 $0 $0 $0 $0] 1.4¢ 3.64

10 30-y1 $670,77" $4,650,00 $0 $0 $150,00( $0 $5,564,00! $17,857,68 $0 $0 $0 $0] 1.0z 3.2€
50-y1 $670,77" $4,650,00 $0 $0 $250,00( $0 $9,272,90 $29,762,80 $0 $0 $0 $0] 1.6€ 5.34

11 30-y1 $0| $12,646,00 $0 $0 $0 $0 $5,552,00! $7,682,00 $0 $0 $0 $0] 0.44 0.61
50-y1 $0| $12,646,00 $0 $0 $0 $0 $9,253,001 $12,803,00 $0 $0 $0 $0] 0.7¢ 1.01

12a 30-y1 $0| $342,760,93 $0 $0 $0 $0[ $185,662,43 N/A $0 $0 $0 $0] 0.54 N/A
50-y1 $0| $342,760,93 $0 $0 $0 $0| $309,437,39 N/A $0 $0 $0 $0] 0.9C N/A

12b 30-y1 $0| $78,728,92 $0 $0 $0 $0| $115,944,52 N/A $0 $0 $0 $0 1.47 N/A
50-y1 $0| $78,728,92 $0 $0 $0 $0| $193,240,87 N/A $0 $0 $0 $0] 2.4% N/A

12¢ 30-y1 $0| $405,146,71 $0 $0 $0 $0[ $185,662,43 N/A $0 $0 $0 $0] 0.4¢€ N/A
50-y1 $0| $405,146,71 $0 $0 $0 $0| $309,437,39 N/A $0 $0 $0 $0] 0.7¢ N/A

12d 30-y1 $0| $77,602,99 $0 $0 $0 $0[ $108,328,07 N/A $0 $0 $0 $01 1.4C N/A
50-y1 $0| $77,602,99 $0 $0 $0 $0| $180,546,78 N/A $0 $0 $0 $0] 2.3¢ N/A
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Neuse River Flood Mitigation Scenario Summary

Figure ES.1




Mitigation Strategy Mitigation Scenario  Implementation Time

Elevation/Acquisition/Relocation  Scenario 12a 12d 3to5 Years
Roadway Clear Spanning Scenario 11 7 to 10 Years
New Embankment Structures Scenario 10 7 to 10 Years
Channel Modification Scenario 9 7 to 10+ Years
New Detention Facilities Scenarios 2a, 4, 8, 7 tol5Years
New Detention Facilities Scenarisl, 2b, 3,5, 6 15to 30+ Years

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

Table ES.3 shows estimates of the number of buildings that will be removed from flood risk at the/é80
recurrence interval levefor the scenarioThese top five strategies for total buildingduction include the

elevation, acquisition, 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/Relocationy  Scenario 12a, 12c 1,562
New Detention Facilities Scenario 2a, 2b 1,115
New Detention Facilities Scenario 3 1,041
New Detention Facilities Scenario 4 1,023
New Detention Facilities Scenario 1 1,021

Table ES.3GreatestReduction in Impacted Structures (Top 5 Scenartd€)0-year Recurrence Event

Table ES.4 shows the lowest cost mitigation scenatlws were investigated. The top three of these options
are community specific. Noraf these options make the top five lir structures impacted.

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 Embankment Structures Scenario 10 $5,570,775

Roadway Clear Spanning Scenario 11 $12,646,000
Channel Modification Scenario 9 $40,036,000
NewDetention Facilities Scenario 7 $60,241,000
New Detention Facilities Scenario 8 $66,467,000

Table ES.4:owest Cost to ImplemenfTop 5 Scenarios)

Tables ES.5 and ES.6 show the top 5 scenarios for highest direct losses avoided and best benefi{B&yost
ratio. Again it should be noted th&br elevation, acquisition, and relocation the losses avoided and BC ratio will
be variable depending on how the stages of the program are implemented.

Mitigation Strategy Mitigation Scenario 50-Year Benefit
Elevation/Acquisition/Relocationf  Scenario 12a, 12c $309,437,395
Elevation/Acquisition/Relocation Scenario 12b $193,240,871
Acquisition/Relocation Scenario 12d $180,546,784
New Detention Facilities Scenario 3 $127,179,139
New Detention Facilities Scenario 4 $126,083,265

Table ES.3dighestDirectLosses Avoided (Top 5 Scenarios)



Mitigation Strategy Mitigation Scenario  50-Year Benefit / Cost

Elevation/Acquisition/Relocation Scenario 12b 2.45
Acquisition/Relocation Scenario 12d 2.33
NewEmbankment Structures Scenario 10 1.66
Channel Modification Scenario 9 1.46
New Detention Facilities Scenario 3 1.46

Table ES.@ighest Benefit to Cost Ratiop 5 Scenarios)

The percent flood reduction that may be expected in each community is shawhable ES.ior each of the

mitigation scenarios. It is notable that none of the scenarios under option 1 yield a significant benefit for Craven
County in the way of reducing discharges along the Neuse River. Scéh&j@ and 7 do not involve a

det v8]}v «SEuU SuE & 3Z t]oe}v[e D]oos ]38 +} 3Z G ] v} ScefpiosZ}Av v
through 4 show a similar discharge reduction in Goldsboro and Kinston. The scenarios that do not involve
detention do not show any decrease iischarges. Scenarios 9, 10, and 11 may result in a slight increase in
discharge or water surface elevation in some locations in the immediate vicinity of the project.

m Smithfield Goldsboro Kinston Ft. Barnwell
Scenario R R I

Scenario 1 26% 29% 23% 1%
Scenario 2 0% 25% 22% 2%
Scenario 3 26% 23% 26% 2%
Scenario 4 34% 23% 25% 2%
Scenario 5 0% 11% 10% 1%
Scenario 6 0% 19% 17% 1%
Scenario 7 0% 5% 7% 1%
Scenario 8 26% 3% 4% 1%

Table ES. «Community FloodischargeReduction Summar§or New Detention Facilitie§100year Recurrence Event)

Results on a community level basis for each of the mitigation scenarios investigated is usdterimining
whichscenario performs best for an individual community. This breakdown by communityectound in
Appendix At Community Specific Flood Damage Estimates.

Other Findings

Falls Lake was constructed in 1981 under authorization from the Flood Control Act of 1965 with the primary
purpose of flood damage reduction. During the course of thigysta review of available discharge gage data

from Hurricanes Fran, Floyd, and Matthew showed that the dam was able to detain essentially all of the runoff
from the upstream portion of the Neuse Rivasin until the peak of the flooding had begun to abite

downstream communities. Due to the rainfall pattern, Hurricane Fran in particular would have resulted in much
more significant damages if not for the Falls Lake dam. It is important to note that following heavy rains, it is
necessary for water from thkake to be released downstream in a controlled fashion because if a second heavy
rainfall occurred while lake levels were still high, it would compromise the flood protection benefits of the lake.
Citizens should bear in mind that it takes time for thei@vdrom these releases to reach the downstream
communities, typically on the order of five days to reach Goldsboro and an additional two days to reach Kinston.

A trend analysis was performed to assess whether increasing population and associated development is
resulting in increased peak flows on the Neuse River. The analysis was performed using gage recorded annual
flood discharge peaks and using monthly averdigeharges at gage sites on the river. Neither a trend of

vi



increasing discharges for peak annual flow nor a trend of increasing monthly mean flow was detected at a
statistically significant level.

Conclusions

The following are the conclusions based on this planning level study:

The strategy of Elevation, Acquisition, and Relocation was the most effective strategy evaluated for
flood damage mitigation based on the following criteria:

o Timeframe to implement

0 Scalability of funding allocation

0 Ability to target most vulnerable structures and communities

0 Best Benefit/Cost ratio of the options considered

o Positive environmental impact
With the Elevation, Acquisition, and Relocation strategy there may be a gap between funds for buyout
and the money needed to acquire comparable living space outside of a flood prone area. This was not
accounted for in the analysis but needs to be considered during funding.
Ongoing buyout programs as part of the Hurricane Matthew recovery effort will impact the BC analysis
for all scenarios. When current buyout programs resulting from Matthew have concluded, a
reassessment of the BC analysis should be performed.
Further investigation of flood-proofing solutions, particularly for commercial and public structures,
should be pursed in conjunction with elevation, relocation, and acquisition.
If a scenario involving wet detention is pursued in conjunction with municipal water supply, the volume
reserved for water supply would reduce the available storage for flood control and likely make the
facility much less effective for flood control purposes.
Further investigation of environmental impacts should be considered prior to selecting a mitigation
strategy, particularly for new detention facilities and channel modification. The purpose of this study
was to evaluate strategies for effectiveness in flood damage reduction. As such, considerations of water
quality impacts and environmental concerns were not fully developed. Of particular concern are the
TMDL rules for the Neuse Basin and the presence of rare and endangered species, particularly on Swift
Creek in Johnston County.

For a digital copy of this report and associated Appendices, pleasittpsit//rebuild.nc.gov
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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 throughtetsbeRiver
Basin This type of rainfall event is not new to communities in Eastern North Carolina. Flooding from Hurricane
Fran (196) 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 as follows:

X Research the primary causes and magnitude of flooding in communities in the Neusespesifically
the Town of Smithfield, the City of Goldsboro, the Town of Seven Springs, the City of Kinston, the Town
of Grifton, as well as unincorporated areas of Johnston, Wayne, Lenoir, and Craven Counties

x Calculate the impacts of flooding on built emriment, living environment, and economies for multiple
flood frequencies including the 104, 2, 1-, 0.2, and 0.1percent annual chance events

x ldentify and assess mitigation strategies that will reduce the impacts of the flooding
X Assess short and lorigrm benefits to costs of these mitigation strategies

X Provide potential solutions that protect the community from damaging floodingcast effectiveand
offer ancillary benefits to the communities.

The following partners were involved to help gaaluable input and feedback as well as communicate results:
X NC Department of Public Safety (NC DHESjergency Management
X NC Department of Transportation (NCDOT)
X NC Department of Environmental Quality (NCDEQ)
X Impacted County Governments and Municipalities
X US Army Corps of Engineers (USACE)
X NC Department of Commerce
X NC Department of Agriculture and Consumer Services
X Engaged Stakeholders and NBrofits
x Congressional and Legislative Representatives

As a part of this study, public meetings were held to kedageholders 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 occuebruaryR?, 2018

and topics covered included scope, goals, 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 ‘Ar2014 the

1



results ofthe analyses were reviewed including benefit/cost resaftd discussion on approach and

methodology for each of the mitigation scenarios explorededback was solicited at both of these first two
meetingsand some additional analysis was performed assailt. The final meeting occurred on Aprif2&€018
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 reqneksteltvant

comments from stakeholders and communities from all three meetings have been incorporated into the final
report document.

The scope of this study is analysis of flooding on the mainstem of the Neuse River. Flooding impacts along
tributaries, ncluding Little River and Contentnea Creek, are not included as part of this ABadiscussed
below, Falls Lake Dam is very efficient at controlling runoff for the area upstream of the dam, therefore this
study focused primarily on the portion of the&in below the dam.

All damages estimates developed as part of this effort include only damages computed as a result of flooding o
the mainstem of the Neuse River.



2. Basin Profile

Description of Basin

Geography Topography andHydrography t TheNeuse River Basia contained entirely within the borders of
North CarolinaThe headwaters are iBrange and Person counties in the north central piedmont region. The
river continues to the southeast through Durhakvake, and Johnstoroanties where it enters the Coastal
Plain. The river then continues throulayne, Lenior, and Craven Counties and discharges into the Pamlico
Sound just below the Town of New Befine drainage area at the mouth of the 195 mile long river is
approximately6,200 square miles which is approximately 11% of the sfatmap showing the location of the
Neuse River Basia provided in Figurg.1 below.
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Figure 21: Neuse River Basin

Elevations in the Neuse basin range from approximately 888 feet at the headwaters in Person County to sea
level as the river opens into the Pamlico Sound. A key geographic feature within the basin that impacts the
nature ofthe floodplain is the fall linelThe fall line separates the rolling hills and eroded valleys of the piedmont
from the rolling sand hills and flatter land of the coastal plais the Neuse river moves east of the fall line
dramatic flattening in the slope of the river is reflecteg d significant widening of the floodplaii.map

showing the approximate location of the fall line in the Neuse basihasvn in Figur.2.



Figure2.2: The Fall Line Separates the Piedmont from the Coastal Plain

The fall line separates the reddish, clayey 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$hedifferent soils in these regions result in a difference in direct runoff

experienced in the piedmont region and the coastal pleigure2.3 showshe delineation of the hydrographic

regions in the Neuse basin based on thaited States Geological SUr®SGHZ %} ES "D S§Z} « (}E <3S]u
the Magnitude and Frequency of Floods for Urban and Small Rural Streams in Georgia, South Carolina, and
E}ESZ E}o]v U Tiii_X E « 8}A E §Z Z A 3 (Ridg&Eand ValeRieGoRIE %0 Z] C
while areas to the east are in region 4 (Coastal Plain).
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Figure2.3: Hydrographic Regions in Neuse River Basin




Thegraph in Figur@ 4 illustratesthat USGS regression equations shewaubstantial difference iastimated
discharges based on hydrographic region. This is primarily due to the nature of the soils.
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Figure2 4: Relationship of Discharge to Drainage Area for Regression Regions 1 and 4

Key Citiest The population centers in study area as well as the key citighifstudy ardisted in Table.1.

Community \ Population (2016)

Raleigh 458,800
Durham 263,016
Goldsboro 35,792
New Bern 30,101
Kinston 20,923
Clayton 20,260
Smithfield 12,266
Grifton 2,661
Seven Springs 111

Table2.1: Key Cities and Populatioria Study Area

Rivers and Streams¢ Table2.2 lists the major streams in the watershed and their associated contributing
drainage area. Drainage area allELake is approximately 770 square miles. Streams upstream of Falls Lake
Dam are not included in Thb2.2.



Watershed Contributing Watershed Contributing
Area (sg. mi.) Area (sg. mi.)

Crabtree Creek 145 Falling Creek (Lenoir 52
Walnut Creek 46 Southwest Creek 68
Swift Creek 155 Mosley Creek 50
Middle Creek 130 Contentnea Creek 1,009
Black Creek 95 Core Creek 74

Mill Creek 170 Swift Creek (Craven) 240
Falling Creek (Wayne 118 Bachelor Creek 62
Little River 320 Trent River 541
Bear Creek 64 Neuse River 3,200

Table2.2: Key Streams Contributing to the Neuse River

Key Infrastructuret Falls Lake is a key feature in teuse River Basiiihe Falls Lake Dam is located in north
central Wake County. Dam construction was completed in 1981 and it impounds approximately 770 square
miles including Flat River and Eno River in Person Cdbmtiiam County, and Orange County. These two rivers
come together in Durham County to form the Neuse RiVae lake is approximately 28 miles in length. The
construction of the damvas authorized by the U.S. Congress as part of the Flood Control Actofoll®@iing a

1963 recommendation by the USACE that noted a need for flood protection, water supply, water quality control,
and recreation in the Neuse basiFhe dam and lake ameaintained by the USAGHEiImington DistrictFigure

2.5 shows key statisticlor Falls LakeThe lake has dedicated controlled flood storage of over 221,080 Bor

*Ju % E+% S3]A U 5Z]+ ] viuPZ A 3§ & 8§} }A & o0 }( > V}]E }uvsC 3}

Falls Lake — Operating Levels

Falls Lake Project Profile
Elevation at Top of Dam is 291.5 Feet, ms| =

Spillway Crest at 264.8 Feet, msl

on|Storage

Water Quality
Storage

61,322 Acre-Feet or
57.7 % of Conservation Pool

Sedimentation Storage

Elevation at Base of Dam is 200 Feet, msl

Figure2.5: Flood Control Statistics for Falls Lake (USACE presentatibé/15)



Falls Lake Dam has prevented countless millions of dollars in damage over the ypests3 Figur2.6 shows
how the dam performed during Hurricane Matthew by comparing the hydrograph at the outlet of the dam to
the hydrograph recorded at the USG&je station in Goldsboro during the flooding event.

Neuse River at Falls Dam and Goldsboro
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Figure2.6: Hydrographs at Falls Dam and GoldsbdyaringHurricane Matthew Flooding Event

Falls Lake Dam is operated with attention to communities downstr&umng Hurricane Fran, Falls Lake
reported an inflow of 62,535 cfs on September 6, 1996 whelgkfiow at the USGS gage @tayton during
Hurricane Fran was 19,700 cfs on September 7, 1996. Falls Lake disatesgm September'6and 7" ranged
between130 and 58 cfs.Outflows from the lake were increased @aorecord7,500 cfseightdays later on
September 18 after flooding in the eastern part of the state had begun to subside.

Sept 7 — Peak at Sept 12 —

Peak at

Clayton Goldsboro

The key takeaway from the hydrograph and timeline aw the dam is operated in such a way that discharges
are minimized during the rainfall event and once the flood peaks pass, the lake is drawnlidisvatso

important to keep in mind thatimilar to hot water travelling in a pipe, it takes time for theter released from
the dam to reach communities downstreartypically several days depending on the location of interest.

The former Milburnie Dam site is on the Neuse River just upstream of New Bern Avenue between Raleigh and
Knightdale. Thilburnie Dam was of concrete construction, was approximately 15 feet in height, and
historically impounded water for running mills and for hydroelectric power generation. The dam was removed
on November 15, 2017 for safety and environmental purposes. It is impddardte that this dam did not have



any dedicated flood storage and therefore had little to no impact as far as reducing peak discharges downstream
during a flood event. With ndedicatedflood storage, the water flowing down the river went over the dam at
the same rate at which it entered the lake.

Ecologyt The Neuse basin faces a range of environmental challenges, many of which are discussed in detail in
§Z ~1ii6 E pe Z]JA E +<]JvA] t 8 E Yu 0]3C Wo v_ A 0}% C $Z E %o
Natural Resources Division of Water Quality in 2Q0fis report is available for download at the following web
addresshttps://deq.nc.gov/about/divisions/wateresources/planning/bastplanning/waterresource

plans/neuse2009.

In the report, mnpoint sairce runoffisidentified as the primary source contributing Wwater quality
impairmentin the basinSpecifically the report notes thatinoff containing sediment, nutrients, and toxicams
affecting the aquatic ecosystem afetal coliform bacteriare affecting recreation and shellfish. Nutrient
loadingisidentified as the primary stressor and is indicated by levels of chlorophiydit exceed state water
quality standards. Over 50% of the 3,390 freshwater stream miles in the Wwasgndentified as potentially
impacted by nonpoint source runoff.

It is noted that at the time of the report, steps that had been taken to reduce nutrient loading in the basin
appeared to be helping. It is important that these improvements contisinee theNeuseRver flowsinto the
AlbermarlePamlico estuary, which is a vital fish nursery.

In addition to water quality concerns, attention needs to be focused on the many rare plants and animals that
reside in theNeuse River BasiAccording to the NCDEQ 2009 repomenaquatic and wetland animals are
federallylisted. This includes the manatee, loggerhead turtle, Atlantic ridley turtle, the piping plover, and the
bald eagle that are found primarily in estuarine areasd the dwarf wedgemussel and the Tar River

spinynussel found primarily in freshwater streanTe report lists 69 aquatic and bottomland animals classified
as rare in the Neuse basin. Additionally it notes that as of 2006 there were 52 rare wetland plants in the Neuse
basin with three listed by the fedal government as threatened or endangered.

Several reaches of stream in the Neuse basin are identified as Aquatic Significant Natural Heritage Areas. These
areas areconsideredsignificant because they contain natural resources, such as a high divénsitg aquatic

plant and/or animal species or contribute to the maintenance of water quality. Of note are the following

streams classified as nationally significant:

x  Swift Creekt Swift Creek contains eleven rare animals including one fish and ten musseIsf which
is the federally endangered dwarf wedgemussel. The 2009 NCDEQ report notes that the reach below
Lake Benson is of particular significance as it contains all of the sappies

x Little River: This river flows through Wake, Johnston, aagin& Counties and contains fifteen rare
animals including three fishes, one amphibian, and eleven mussels. This includes several populations of
the federally endangered dwarf wedgemussel as well as the only population of the Tar River
spinymussel in the Nese basin.

Demographics

Growth Rate t With approximately 1.5 million people living in tNeuse River Basiit contains around one
sixth of the stag¢ population.The short andntermediateterm growth rates in the basin are highest in the most
urbanized &eas, specifically in Wake County and the northern portion of JohrGtamty. Tabl@.3 shows
intermediate and short term population changes for communities in the study area. The table lists the



communities from West to Eas$tatistics for the state dflorth Carolina are shown for comparison purposes.
Note that in recent years, population east of Johnston County is fairly stagnant or declining.

Community Population Population Population Percent Change Percent Change
(1980) (2010) (2016) (1980- 2016) (2010 - 2016)

Wake County 301,327 900,993 1,072,203 256% 19%
Wake Forest 3,780 30,117 40,112 961% 33%
Raleigh 150,255 403,892 458,800 205% 14%
Holly Springs 688 24,661 33,260 4,734% 35%
Johnston County 70,599 168,878 196,708 179% 16%
Clayton 4,091 16,116 20,260 395% 26%
Smithfield 7,288 10,966 12,266 68% 12%
Wayne County 97,054 122,623 124,150 28% 1%
Goldsboro 31,871 36,437 35,792 12% -2%
Seven Springs 166 110 111 -33% 1%
Lenoir County 59,819 59,495 57,307 -4% -4%
Kinston 25,234 21,677 20,923 -17% -3%
Grifton 2,179 2,617 2,661 22% 2%
Craven County 71,043 103,505 103,445 46% 0%
New Bern 14,557 29,524 30,101 107% 2%
North Carolina 5,881,766 9,635,471 10,273,419 75% 8%

Table2.3: Intermediate and Short Term Population Change in the NeBssin Downstream of Falls Lake Dam

Population Profile t Demographics for the populations in Johnston, Wayne, Lenior, and Craven Counties are
shown inTable2.4. These statistics were taken from the Resilient Redevelopment Plans (RRPs) that were
developed 6r each county followingiurricane Matthew as part of the North Carolina Resilient Redevelopment
Planning initiative adopted by the North Carolina General Assembly in December 2016.

Ethnicity Economic Housing
Below Median Owner /
Median Poverty Household Zero Car Renter Median
County Age Black | Other Line Income Households Occupied Value
Johnston
County 37 78.4%| 15.0%| 6.6% 15% $ 57,151 5% 719%429% | $145,500
Wayne
County 37 57.3%| 31.3%| 11.4% 22% $ 45,000 9% 60%440% | $110,000
Lenior
County 42 55.2%| 40.2%| 4.6% 23% $ 38,000 11% 60%40% | $ 93,000
Craven
County 36 70.5%| 21.5%| 8.0% 16% $ 54,000 8% 63%37% | $154,500
North
Carolina 42 69.5%| 21.5%| 9.0% 17% $ 53,000 7% 65%35% | $140,000

Table2.4: Demographic Data fo€ounties in the Eastern Portion of the Neuse River Basin



Additional details on county demographics can be found in the RRPs for each of these counties. The RRPs are
included in Appendix BHurricane Matthew Resilient Redevelopment Reports.

Economic / Indstry Profile- According to US Census Bureau data, there are nearly 782,000 jobs within the

Neuse River BasiiThe most prominent employment sectors within tNeuse River BasinE ~
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Figure2.7: Neuse River Basin Employment Sectors

The employment density of the Neuse River Basin was assessed by mapping the US Census Bureau dataset at
the census block level. Akown in Figur@.8, blocks withhigher employment densities are illustratbg areas
of darker green. Conversely, blocks with lower employment densities are noted by lighter green. Within the
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Durham, Goldsboro, KinstoRaleigh, Wake Forest, and Wilson. In addition there are regions of higher

employment density in Kinston and Greenville.

10

\
V



NORTH CAROLINA
Roanoke Rapids

Henderson

Burlington

£ T
e, Rocky Mount
{V&‘Wake ocky Moun

T i W A "
;i &)ﬁ} . v.%},:;;‘ l;orest
v W X % :

Chapel Hill

g Ll

Employment Density
Jobs per square mile
Less than 50
50 to 200
201 to 1,000

[ 1,001 to 4,500
- More than 4,500
E River Basin

N

A

) Miles
0 5 10

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

Greenville

Smithfield
ST s
oy

3

Goldsboro -
e

»

New Bern

Figure2.8: Employment Density in the Neuse River Basin

A more detailed summary of employment datpisvided in AppendilC Neuse Rer Basin Employment Data
Analysis.

Land Cover and DevelopmeritLand cover in the Neuse basin was assessed using the 2011 National Land Cover
Dataset (NLCD) compiled by the Miesolution Land Characteristics Consortitiable2.5 liststhe types of
land cover classified in the NLCD:

Clasd Value \ Classification Description Class Value Classification Description
11 \ Open Water Dwarf Scrub

Shrubland

Water

12\ Perennial Ice/Snow Shrub/Scrub
21 \ Developed, Open Space Grassland/Herbaceous

22 \ Developed, Low Intensity Sedge/Herbaceous

Herbaceous

Developed

23 \ Developed, Medium Intensity Lichens
24 \ Developed High Intensity Moss

Barren 31\ Barren Land (Rock/Sand/CladEi=l N Pasture/Hay

788 Deciduous Forest Cultivated Cultivated Crops

Forest 42 \ Evergreen Forest Woody Wetlands

Wetlands

43 \ Mixed Forest Emergent Herbaceous Wetlands

Table2.5: NLCD Land Cover Classifications
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Land cover classified developed(Classes 224)was used to determine the percentage of developed land for
different areas in the Neuse Basin. Figai@shows tha the most developed areas ane the areas of greatest

population density in Wake and Johnston Counties.
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Figure2.9: Percent Developedirea in Neuse Basin

Table2.6 shows the changes in land cover for the Neuse Bretimeen 2001 and 201 Developed area in the
basin increasedly 1.8% percent over the 3ear period.

Neuse Basin LanGover
Land Cover 2001 2006 2011

Developed 13.8% 15.0% 15.6%
Forest 29.9% 28.5% 27.5%
Water/Wetlands 15.4% 15.4% 15.4%
Crops/Pasture 32.5% 32.2% 31.6%
Grassland/Scrul 8.4% 8.9% 9.9%

Total 100.0% 100.0% 100.0%

Impervious 2.7% 3.1% 3.4%
Table2.6: Land Coveirends in the Neuse Basin
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Rainfall andStreamflow Data

Rainfall t Average annual rainfall in tHéeuse River Basmanges from 44.7 inches to 56.9 inches with the larger

totals occurring in the eastern portion of thmsin.Figure2.10 shows theaverage annual rainfall for the basin

for the period between 1980 and 2010 according to data collected by the PRISM Climate Group.
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Figure2.10: Average Annual Rainfall for the Neuse River Basin

To characterize a flooding event, theipt frequencyrainfall depth is used.dfimates forthese values for
different locatiors within the Neuse River Bastan be acquired from the National Ocean and Atmospheric
ul]v]*SE& S]}v ~EK < 80 ¢ id0 s}opu 1 }E ]P]S o0oC (E}u EK

https://hdsc.nws.noaa.gov/hdsc/pfdsiTable2.7 listsrainfall depthfrequenciedor a 24hour period at different

locations in the basirin the full report these statistics are available for timeipds ranging from 5 minutes to

60 days.

Average Recurrence Interval (Depths in Inches)

Community 2-Yr 10-Yr 25Yr 50Yr 100-Yr 500-Yr 1000-Yr
Raleigh 3.48 | 5.08 6.04 6.8 7.58 9.49

Smithfield 3.59 | 5.44 6.61 7.59 8.62 11.3 12.6

(€lo][o[SHole]{oll 3.71 5.75 7.19 8.46 9.89 14.0 16.2

Kinston 3.89 | 6.03 7.55 8.88 10.4 14.7 17.0

NEVAEETOEN 4.26 | 6.57 8.13 9.48 11.0 15.1 17.2

Table2.7: Precipitation Frequency Depth Estimates for a-BdStorm

[at WE

E3ER

The temporal distribution of rainfall for a storm even can have an impact on the flooding response. A storm with

a steady rairfor its durationwill result in a different flooding response than a storm where the majority of the
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rainfall is concentrated it a small portion of the overall length of tiséorm. Figure2.11 shows a temporal
distribution for a second quartile 2dour duration storm. This figure is adopted from Atlas 14 Volume 2.
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Figure2.11: Temporal Distribution for a ¥ Quartile 24hr Storm

Rainfall Datat TheNationalWeather Service (NWS)perates a network of rainfall gages across North Carolina,

the majority of which are part of th€ooperative Observer Program (CQ@Etwork. COOP network gagies

North Carolina have some of the longesriods of rainfalfecordsin the State, including several with records in
excess 0l00 years TheState Climate Office of North Caroli(CQO) compiles and archives records from more

than 37,000North Carolinaveather sites, including those in the CO@#work, in the North Carolina Climate
Retrieval and Observations Network of the Southeast (CRONOS) Database. The SCO compiled monthly rainfall
records fromeightlongterm rainfall gages in and adjacent to theuse River Basfor use in this investigain.

The gage name, identifying number, period of record, and other characteristics for these rainfathigages
Table2.8. The locations of these rainfall gages in relation toNleeise River Basare shown in Figurg.12

Period of
Record
County (partial or  Latitude
missing years
included)

Elevation

River

RainfallGage Location and Numb
Basin

Greenville (313638) \ Pitt 19142017 35.6400| -77.3983

Louisburg (315123) \ Neuse Franklin 1893-2014 | 36.1028| -78.3039 260
Roxboro 7 ESE (317516) \ Neuse Person 18932017 36.3464| -78.8858 710
Washington WWTP 4W (3191001 Neuse Beaufort 19032017 35.5553| -77.0722 10
Wilson 3 SW (319476) \ Neuse Wilson 19172017 35.6939| -77.9456 110
Smithfield (317994) Neuse Johnston 18932017 35.5164| -78.3458 150
Kinston 7 SE (314684) \ Neuse Lenoir 19002016 35.1967| -77.5433 24
Raleigh State Univ. (317079) \ Neuse Wake 18932017 35.7944| -78.6989 400

Table2.8: Long Term Rainfall Gages in aadjacent to the Neuse River Basin
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Figure2.12: Long Term Rainfall Gages in and adjacent to the Neuse River Basin

Stream Gaged The United States Geological Survey (USGS) currently maintains 24 stream gagigis¢he
River BasinAdditionally there a¥ 8 sites that are no longaictive.Figure4.3 in this reportshows a map of the
Neuse River Basimith gages thatvere used for calibration of the project hydrologic madel

Major floods along the Neuse River occur most often in association with hurricanes or tropical storm&.9able

shows thefloods of record for the Neuse River in order of magnitude at active gaging stations bel&allhe
Lake Dam.
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Location and Usﬁ Known Contributing  Peak Stage Peak Discharge Years of
Gage Station Magnitude Date Area (sq. mi.) (ft.) (cfs) Record
1 19-Sep1945 1,150 22.12 22,900
Clayton, NC 2 3-Oct1929 1,150 21.62 22,000 1919, 1928
02087500 3 23-Jut1919 1,150 21.20 21,200 2017
4 17-Sep1999 380 20.67 20,500
1 10/10/2016 436 29.08 -- 1908, 1912
Smithfield, NC 2 Aug1908 1,206 27.10 19,900 1990
02087570 3 24-Jub1919 1,206 26.80 19,400 Stage only
4 3-Oct1929 1,206 26.40 18,700 19902017
Goldsboro. NC 1 12-Oct2016 1,629 29.74 54,800
02089000 : 2 20-Sep1999 1,629 28.85 38,500 19292017
3 5-Oct1929 2,399 27.30 38,600
e, NG 1 Jut1919 2,692 25.00 39,000 1019. 1925
02089560 2 13-Oct2016 1,922 28.31 38,200 19223:2017 ’
3 22-Sepl1999 1,922 27.72 36,300
Ft. Barnwell, NC 1 20-Sep1999 3,130 22.75 57,200 19972017
02091814 2 15-0ct2016 3,130 20.43 49,400

Table2.9: Floods of Record on the Neuse River

Trend Analysis

Population and Land Use TrendsAs notedabove in the discussion demographicsand in Table.3, the
communities in theNeuse River Basgrowing the fastest are in Wake County and northern Johnston County.
This can be seen graphicallyHigure2.13.
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Figure2.13: Percent Change iRopulation (199-2010)

A similar pattern can be seen in trenddand useFigure2.14 shows the change in developed area as defined
by the NLCDataset.
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Figure2.14: Change in Developed Land in the Neuse River Basin (2(mIL1)

With the data showing a trend of increasing population and development in the upper portion of the basin, this
report endeavored to answer the question of whether this development is leading to a trend of increasing
discharges on the Neuse River.

Hydrologc TrendAnalysis t Given the increases in population and development in the upper portion of the
Neuse River Basialong with the occurrence of other extreme flood events in 2gears prior to Hurricane
Matthew (Hurricane Fran in September 1996 andridane Floyd in September 1994)is reasonable to review

the hydrology of theNeuse River Basto determine if there is evidence of an increasing trémélooding.

Flooding is the result of extreme stream discharge, which in turn results from extanfall. The relation

between stream 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 rainfallare natural processes and as such have 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. In order
to review the data for trends, statisticalethods can be used to account for the natural variation in the data

There are sveral 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 M&endall test. The ManrKendall test uses

< v 0o0][\asjthe-test statistic to detect and measure the strength of any increasing or decreasing relation

betweenobserved hydrologic datand time. The Man#Kendall test is the recommended test for trends in

anvph 0 % | (0}A & Jv A'u]l o]v e (JE § Eu]viivPo&a&)]y i®olA & & oj% C C :
17



Advisory Committee on Water Information (USGS, 20I8is bulletin ishe guideline for use by Federal

agencies performing floetlow frequency analses to determine annual chance of exceedance of peak

discharges for use in flood risk management and flood damage abatement programs. Trend testing is a key step
prior to performing floodflow frequency analyses in order to ensure that the peak flow datdun the

analyses does not exhibit tirdependent trends that would violate the assumptions of stationarity and
homogeneity that are required for the flow frequency analytical methods.

An important characteristic of the MaAtendall tesis that is nonpeametric, i.e., does not require that the
observed data fit any specific statistical distribution. The Ken@dtistic isnonparametricbecause it is

calculated using the ranked values of the observed data rather than the actual data values. Paisidsdor

Kendall WWhdicate that the observed data are increasing with time for the period of record while negative values
of Whdicate thatthe observed datare decreasing with time for the period of record.

The statistical significance of the Ma#erdall trend test, like other statistical 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. If the null hypothesis is accepted (or technically, not régeg, thisconfirmsthe albsence of trendlf the
computed pvalue is greater thathe selected significance leviiien the null hypothesis is acceptedl
significance level of 0.05 or 5% is used for this investigagima, pvalue of less than 0.05 will imply a
statistically significant trend existi addition to the statistical significance of a trend, the actual magnitude of
the trend should be considered. The THedn slope (Helsel and Hirsch, 1992) was calallateonjunction with

< v o @hrthis investigation to quantify the magnitude of change in the data over the period of record.

Rainfall TrendAnalysis t As noted above there areightrainfall gages with long termecord available in or
adjacent to he Neuse River BasiMonthly rainfall data from these gages was obtained from the NC SCO and
annual rainfall totals for the period of record were compiled. In several cases, there were one or more missing
months for a given year in the rainfall record eTdnnual 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 regrasficaddition, the Man+Kendall trend test

was performed for the annual rainfall totals for each rainfall gage and the-Jbniklope was computed as a
measure of the magnitude of trend. The null hypothesis of no trend was accepted (not rejectdd)fahe
eightrainfall gages. The no trend hypothesis was rejectawvatof the gagesGreenville (31363&ndKinston
(314684) with slight upward trends of 0.06 inches per years and 0.05 inches per year indicated at each gage,
respectively The plots ofainfall depth versus year fdhe Smithfield, NC and Greenville, Bi@@s are shown as
Figures2.15 and2.16. Additional data and lots for all sites can be found AppendixD t Rainfall and Discharge
Trend Analysis
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Results of the rainfall trend analysis arelmble2.10. As noted above, the Thelen slope associated with the

Mann-Kendall analysis iused to estimate change in rainfaéipth per year.

Period of Record

ears of Kendall

Y
Record

SLOPE

Trend Detected

Greenville
(313638)

Louisburg
(315123)

Roxboro
(317516)

Washington
(319100)

Wilson 3 S
(319476)
Smithfield
(317994)

Kinston
(314684)

Raleigh
(317079)

(complete years)

1914-39; 194960;
196270; 1972;
197483;19852017

91

TAU P-VALU

0.14

0.05

0.06

(inchesl/year) (at 5% Significanc

Trend Detected

slight upward

Comment

trend detected
at average

increase of 0.0

inches per yeal

1893; 18951924,
1926:1976; 1979
1981; 19832014

117

-0.01

0.88

0.00

No Trend Detecte

18931897;1901-
1902; 19271947,
19491961, 1963
1989; 19911998;
2000; 20022005;
20072017

92

0.03

0.68

0.01

No Trend Detecte

190306; 1921,
1938; 1947; 1949
1998; 20062003;

20052017

74

0.07

0.35

0.04

No Trend Detecte(

1917; 193771,

197494; 19962003;

20052017

79

0.09

0.22

0.04

No Trend Detecte(

1893; 19122013;
20162017

105

-0.02

0.82

-0.01

No Trend Detecte(

1900-1908; 1911

1917; 19261974,

19761983, 1985
2016

105

0.14

0.04

0.05

Trend Detected

slight upward
trend detected
at average
increase of 0.0
inches per year

18931953, 1955
1983; 198586;
19882017

122

0.09

0.13

0.03

No Trend Detecte(

Table2.10: Mann-Kendall Trend Test Results for NeuRéver Basin Rainfall Gages

Stream Discharg@&rendAnalysist There are24 active USGSiream gages in theuse River Basimcluding

Neuse River near Clayton (02087500), Neuse River near Goldsboro (02089000), and Neuse River at Kinston
(02089500) that &lhave record since at least the beginning of operations of Falls of the NeuséLB&in

through 2017. The annuakpk discharge record for these thregeam gages were obtained from the USGS and
the annualpeak dischargefor each stream gage were plett versus time. The linear regression of peak
discharge to time was computed using ordinary least squares regression. In addition, the<igtadal| trend

test was performed for the annuglkeak dischargefor eachstreamgage and the TheBen slope was cqmited

as a measure of the magnitude of trerithe pealdischargeversus time plots for each of the three gages
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analyzed are showm Figure2.17, 2.18, and2.19. The equatiorfor the linearregressiorieast squares trend
line is shown in the Figures.
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Table2.17: Discharge Trend Plot for Clayton, NC
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Table2.18: Discharge Trend Plot for Goldsboro, NC
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Table2.19: Discharge Trend Plot for Kinston, NC

The null hypothesis of no trend was accepted (not rejected) #hiae Neuse River main stem strearaggs
meaningthat a statistically significant trend is not evident in the dddéscharge gage trend analysis results are
shown in Tabl®.11. The The#lSen slope associated with the MaKendall analysiwasused to estimate

change in dischargeer year.

Trend Detected
(at 5% Significance

P-VALUE
(Significance Tes

SLOPE
(cfdyear)

Period of Record Years of Kendall
Site (complete years), Record TAU

Neuse River
near Clayton 1981- 2017 37 0.05 0.65 23.6 No Trend Detected
(02087500)

Neuse River
near Goldsboro 1981-2017 37 0.07 0.53 43.6 No Trend Detected
(02089000)

Neuse River at
Kinston 1981- 2017 37 0.06 0.62 34.7 No Trend Detected
(02089500)

Table2.11: Mann-Kendall Trend Test Results f&nnual Discharge Peaks

An alternative analysis was performéat four gages using normalized mean monthly discharge data to see if a
trend could be detected using a finer time scafed more data points instead of usiagnual peaks. The data
was normalized by determining the average discharge for a site for each month and then dividing each monthly
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discharge by that average. So for each month of the record, a data point is eatetlediues greater than 1.0
representhigher than normal monthly discharges at the gage and \&tleéow 1.0 represent lower than normal

mean monthly discharg&ages at Goldsboro, Kinston, and Smithfield on the Neuse River and the gage on
Middle Creek near Clayton were analyzed with this atlitue method. The Middle Creek basin has been
undergoing rapid development in recent years so this gage was investigated to see if a trend could be detected
on a smaller stream. Since the gage at Smithfield only records stage, the mean monthheathgs were

normalized and analyzed instead of mean monthly discharge. Results of this analysis can be see t?Table

No trend was established at the 95% confidence level though Smithfield did show a trend at the 90% confidence
level.

P-VALUE Months  Trend Detected
Period of Kendall (Significance SLOPE of (at 5%
Site Recad TAU Test) (cfslyear) Record Significance)

1939

Middle Creek at Clayton jpdeiiy 0.024 0.577 0.000 939 rejected
1981-

Neuse River at Goldsbo!rdeig 0.036 0.581 0.001 423 rejected
1981

Neuse River at Kinston 2017 0.048 0.464 0.002 423 rejected
1986

Neuse River at Smithfiel|edeiig 0.145 0.083 0.003 259 rejected

*Slope reported in ft./year for stage only site

Table2.12: MannKendall Trend Test Resulésd Confidence Levdébr Mean Monthly Discharge or Stage
Additional data and plot®or all the discharge trend analysis can be found in AppeDdix

Based on results of the stream discharge trend analysis performed as part of this study, there is no statistically
significant trendof increasing peak discharges along MeuseRiver.Population growth and corresponding
increases in development have been shown historically to increase peak discharges on smaller streams, but in a
large basin such as tlideuse the percentage of undeveped land far outweighs the developed and impervious
area. This likely leads to a neutralizing of the influence of the developmerd emdlesponding lack of evidence

for a trend. Additionally, flood timing is a key component to peak discharge durlogd §o 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 distribution of rainfall depth, directio
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 development
will lead to higher runoff rateghe 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 statistical evidence of a trend.

Hydrologic Profile

Characteristics oMajor Streams- TheNeuse River Basgan be suldivided into several key watersheds which
are listed in Tabl@.13 along withdrainage areastream slopeand unit dischargeJnit discharge is basezh

the peak discharge for a 18@arrecurrenceinterval storm as reported in thBational Flood Insurance Program
(NFIP) Flood Insurance Stuéys.
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Contributing Stream Slope Unit Discharge

Watershed

Area (sq. mi.) (ft. /mi.) (cfs/sqg. mi)
Crabtree Creek 145 11.1 102.8
Swift Creek 155 7.7 90.1
Middle Creek 130 6.9 72.4
Black Creek 95 9.2 62.2
Mill Creek 170 5.0 65.4
Falling Creek (Wayne 118 5.6 54.6
Little River 320 4.8 36.3
Bear Creek 64 54 111
Southwest Creek 68 54 70.8
Contentnea Creek 1,009 1.2 23.0
Core Creek 74 2.5 94.3
Swift Creek (Craven) 240 1.6 57.9

Table2.13: Key Streams Contributing to the Neuse River

It is important to note that there are no watershelisger than 64 square mileontributing to the Neus®iver
between Goldsboro and Kinston and the diffecerin drainage area between the USGS gages in the two
communitiesis only about 300 square mile&ny flood control designed to reduce tfleodingon the mainstem
in Kinstonby means of detentiomould need to be located upstream of Goldsboro as rundstiléng from
rainfallbetween Goldsboro and Kinston will have mowieugh Kinston by the time the maftood wave
arrives.Figure2.20 shows selected watersheds graphically and the percentage of drainage area above
Goldsboro contributed by each watershed
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Dischargesnd the base flood elevatiofBFEfeveloped as part of NFIP FIS studiesshown in Table.14 at
selected points along the Neuse River and major tributatiesrder to provide thanost recentdata,
preliminary discharges and elevations are shown where available.

Location Drainage Are Percent Annual Chance Discharges (cfs) Base Flood
(sg. mi) 10% 4% 2% 1% 0.2%  Elevation
Neuse River
DS of Falls Lake Dam 770 6,510 | 7,610 | 7,610 | 11,110| 13,020 211.0
USof Confluenceof Crabtree Ck| 882 7,840 | 9,550 | 10,460 | 13,960 | 20,180 175.4
Wake/Johnston Co. Boundary 1,104 10,520 | 13,443 | 16,181 | 19,677 | 34,591 162.1
At USGS Gage 02087500 1,150 13,309 | 16,835 | 20,110 | 24,318 | 40,933 150.8
At USGS Gage 02087570 1,206 13,766 | 17,314 | 20,594 | 25,234 | 44,191 125.9
USof Confluence of Black Ck. 1,506 15,732 | 19,679 | 23,344 | 29,210 | 49,792 117.3
Johnston/Wayne Co. Boundary 1,867 19,520 | 22,628 | 29,035 | 33,964 | 45,217 83.9
US of HWYS 117 2,384 22,536 | N/A 33,243 | 39,093 | 51,288 73.8
At USGS Gage 02089000 2,399 22,536 | N/A 33,243 | 39,093 | 51,288 70.9
Wayne/Lenior Co. Boundary 2,515 22,600 N/A 34,700 | 40,500 | 55,600 55.3
At USGS Gage 02089500 2,692 22,600 | N/A 34,700 | 40,500 | 55,600 39.0
US of HWY 55 2,796 24,326 | N/A 35,446 | 40,908 | 55,600 30.6
Lenior/Craven Co. Boundary 2,896 29,600 N/A 42,700 | 49,000 | 65,300 24.4
At USGS Gage 02091814 3,900 29,800 | N/A 42,900 | 49,300 | 65,700 20.1
Crabtree Creek
US of 40 53 1,364 | 1,501 | 1,609 | 1,719 | 2,054 269.2
At USGS Gage 0208726005 76 3,580 N/A 6,470 | 7,821 | 11,157 244.5
At USGS Gage 02087275 98 5,102 N/A 8,900 | 10,967 | 16,801 227.4
At USGS Gage 02087324 121 6,798 N/A 10,894 | 13,003 | 20,506 199.6
At Mouth 145 8,000 N/A 12,444 | 14,912 | 22,738 171.8
Swift Creek
At USGS Gage 0208758850 36 1,313 | 2,772 | 3,651 | 4,609 | 7,245 262.8
US of 40 80 6,002 | 7,714 | 9,243 | 10,577 | 13,911 201.6
US of Confluencef Middle Ck. 155 7,904 | 10,156 | 12,164 | 13,961 | 18,358 124.7
Middle Creek
US of HWY 401 38 2,701 | 3,629 | 4531 | 5519 | 8,432 257.5
At USGS Gage 02088000 84 4,060 | 5,820 | 7,369 | 9,012 | 13,388 197.5
US of Confluenceith Swift Ck. 132 4,701 | 6,193 | 7,691 | 9,418 | 13,704 124.7
Black Creek
US of HWY 210 31 1,166 | 1,577 | 1,940 | 3,279 | 4,530 187.5
US of 40 64 1,200 | 1,611 | 1,974 | 4,546 | 6,275 146.7
US of Black Creek Rd. 82 2,632 | 3,542 | 4,343 | 5,204 | 7,166 123.8
At Mouth 95 3,002 | 4,030 | 4,935 | 5906 | 8,114 116.9
Mill Creek
US of 40 28 N/A N/A N/A 6,047 N/A 134.9
US of HWY 701 38 N/A N/A N/A 7,324 N/A 121.1
DSof Confluence of Hannah Ck 87 6,319 | 8,115 | 9,718 | 1,115 | 14,605 95.1
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Location Drainage Are Percent Annual Chance Discharges (cfs) Base Flood

(sg. mi) 10% 4% 2% 1% 0.2%  Elevation
Little River
Franklin/Wake Co. Boundary 14 N/A N/A N/A 3,985 N/A 324.5
US HWYJS64/264 53 3,610 N/A 7,860 | 1,000 | 16,500 245.1
Wake/Johnston Co. Boundary 69 3,690 N/A 8,290 | 10,400 | 17,300 216.2
US Net2 104 4,050 N/A 8,100 | 10,500 | 18,900 180.7
At USGS Gage 02088470 191 5,400 N/A 10,100 | 12,900 | 22,000 149.4
At USGS Ga@2088500 232 5,900 N/A 10,900 | 13,800 | 23,000 124.4
At Mouth 320 6,060 | 8,010 | 9,760 | 11,600 | 15,800 74.7

Table2.14: Discharges and BFEs at selected locations on the Neuse River and Major Tributaries
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3. FloodingProfile

Historic FloodingProblems

Significant Eventst The historidloodsfor the Neuse Basin are listed in TaBI8 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 ofainfall from Hurricanes Fran and Floyd respectively.

Hurricane Fran made its way through North Carolina on Septembed896.The heaviest rainfall for this
widespread event occurred in the upper portion of tNeuse River BasiA]$Z 6 X6 _ ( oRdleifhDuhard
Airport. Figure3.1 showsa graphic ofainfall depthsfor the eventdevelopedby 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 oveNorth Carolinaduring Hurricane Fran

Additional rainfall moved into the basin followitige passage of Fran and exacerbated the flooding in Goldsboro
and Kinston. At the time of the floothe recurrence intervals for the peak flows @tayton and Goldsboro were

in the 50100 year range whildiddle Creek near Clayton was in excess of 500 y&éaeNeuse River at Kinston

was approximately 50 years. The Contentnea Creek basin received less rainfall during this event and the gage at
Hookerton showed approximately a 2 to 5 year recurrence irtieivalls Lake Dam was particularly valuable for

this event due to the heavy rainfall upstream of the daith Flat River nearly doubling the previous record set

in 1938 and the Eno River also showing significant flooding

Damages from HurricanFran wereestimated to be $2.4illion statewide for homes and businesses. Additional
damages related to public property and agricultural concerns totalegistimated $1.8 billionAdditional

details on flooding experienced during Hurricane Fran can be foundpen8iixE USGS Opelfile Report 96

499.

Hurricane Floydame onshore in North Carolina on September 16, 1999. The storm followed closely behind
HurricaneDennis, which made landfall in North Carolina less than two weeks earlier and dumped heavy rain
across the eastern part of the statgth many areas in théleuse River Basneceiving between 4 and 8 inches
The rainfall from Dennis set up the floodinglwfloyd by creatingvet soil conditionsvhichincreasel runoff

from rainfall during Floydnd resulted in higher flood elevations than would have otherwise occuFigdres

3.2 and 3.3 show rainfall depths for Hurricane Dennis and Hurricane Floyd feemaNorth CarolinaThe Figure
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3.2 appeasin the USGS in WatdResources Investigations Report&@93.Figure 18 was produced by the
National Weather Service in Raleigh.

EXPLANATION
PRECIPITATION IN INCHES
o B 401t05.0
I 001t01.0 I 5.01t060
01011020 [ 601to70
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Figure3.2: Estimated Rainfall Over Eastern NC During Hurricane Dennis
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Hurricane Floyd Precipitation
Updated 2010:09,22
Total Precipitation less than 2 inches

I 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.gov/rah

Figure3.3: Estimated Rainfall Over Eastern NC During Hurricane Floyd

When compared to Hurricane Fran, thanfall from Hurricane Floyd was centered a bit further to the east in

the Neuse Basin and the heaviest rainfall occurred in the northern portion of thie,lqzarticularly in the Little

River watershed. ThgSGS discharggmge on Little River near Princeton recorded a discharge almost three

times the previous record and with an expected recurrence of greater than 500 years. Likewise the rainfall in the
Conentnea Creek watershed resulted in gage readings with return periods of greater than 500 years on
Nahunta Swamp near Shine and Contentnea Creek near Hookerton. Estimated return periods for the discharges
recorded in Goldsboro and Kinston were approximab€lyyears and between 50 and 100 years respectively.
Figure3.4 shows a comparison of the stage recorded at Goldsboro during Hurricane Fran and the stage recorded
at Goldsboro an&inston during Hurricane Floyldamages to homes and businesses were estimated at $8.6
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billion statewide which makes it the costliest hurricane on record for North Caréuditional information on
Hurricane Floyd can be fouma Appendix= USGS WatdResources Investigations Repo@k4093.
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Figure3.4: Stage Recordings for Discharges at Goldsboro and Kinston During Hurricanes Fran and Floyd.

Hurricane Matthew Event

Matthew Recurrence Intervalg Similar to tropical systems Fran and Flowdhfall for Hurricane Matthew was
extreme both in the widespread nature as well as the depth of precipitatigarierated. Figure3.5and 3.6
show the depth of rainfall for the study area and the estimated return period for the rainfall depth.
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Figure3.6: Hurricane MatthewEstimated Rainfall Return Periods for the Neuse River Basin



Rainfall depths recorded in tideuse River Basimange from 4.1 to 14.7 inche$he largest totals were seen in
areas upstream of Goldsboro and downstream of Falls Jdiks.is just west and south of the heaviest
precipitation during Hurricane Floyd and just to the east of the area of heaviest precipitation during Hurricane
Fran.Themajority of Johnston County experienced rainfall with a greater thany2@0 return periodWhile

Falls Lake definitely helped to reduce the damage from this storm, the location of the heaviest precipitation
band islikelyclose to a worstase scenarifor Goldsboro.

Similar to Hurricane Floyd, the flooding from the Hurricane Matthew event was exacerbated by wet antecedent
moisture conditions in the basin. Rainfall totals during the month of September were well above average and
the already wet soilsriited infiltration and resulted in more direct runoff than might be anticipated under more
typical conditionsWayne and Lenoir counties exceeded theiry8ar average rainfall depths for the month of
September by 82% and 136% respectivalnew record dicharge and peak stage were established at both
Goldsboro and Kinston by Hurricane Matthew.

The return periods fothe peakstream flows for Hurricane Matthew also reflect an extreme evEigure3.7
and Table3.1 show returnperiods as estimated by the USGS.

USGS Site Drainage Peak Return Period
Map ID  Number Site Location County Area (sq. mi.) Discharge (cfs (years)

Crabtree @eek at

1 0208726005 Ebenezer GlrchRd. | Wake 76 5,740 12

2 02087275 | Crabtree Ckat Hwy 70| Wake 98 6,350 6
Walnut Creek at

3 02087359 | Sunnybrook Dve Wake 84 5,960 33
Middle Creek near

4 02088000 | Clayton Johnston 84 20,600 >500
Little River ear

5 02088500 | Princeton Johnston 232 9,960 99
Neuse River at

6 02089000 | Goldsboro Wayne 2,399 54,300 222

7 02089500 | Neuse River at Kinstol Lenior 2,692 38,200 125
Contentnea ek

8 02090380 | near Lucama Wilson 161 12,000 244
Nahunta Swampear

9 02091000 | Shine Greene 80 13,600 >500
Contentnea @ek at

10 02091500 | Hookerton Greene 733 25,000 270

Table3.1: Peak Discharges Recorded during Hurricane Matthew
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Figure3.7: Hurricane MatthewPeak Dischargeand Gage Locations

Damagest As part of this report, damage estimates were developed for buildings and contents along the Neuse
River corridor. These damage estimates are only for damages suffered as aeditdicof flooding and

backwater from the mainstem of the Neuse Riveesuls of the analysis are shown Trable3.2. Discussion of

the development of damage estimates is found in Section 5 of this report, Flood Risk Analysis

Structural DamagesHurricane Matthew
Community Structures Damages
Smithfield 118 $21,538,855

Johnston Co. 77 $1,249,504
Goldsboro 786 $44,096,732
Seven Springs 95 $4,007,122
Wayne Co. 1,064 $28,562,375
Kinston 214 $25,519,715
Lenoir Co. 746 $49,420,705
Grifton 44 $114,411
Pitt Co. 85 $4,676,929
Craven Co. 432 $2,226,296

EventTotal 3,661 $181,412,644
Table3.2: EstimatedDirect Damages From Flooding on the Neuse River Due to Hurricane Matthew
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Other Impactst Statewide there were 28 fatalities reported due to Hurricane MatthBaring the height of the
flooding there were over 600 road closures reported in the statduding portions of Interstates 40 and 95.
Repairs were required for over 2,100 locations as a result of storm darRmgee3.8 uses data from the NC

Departmentof Transportation (NCDOT) to spatially capture the extent of the road closuties Neuse River
Basin

g

Raleigh®

) -
SEVEMSpring s

Figure3.8: 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 statewid&CEmergency ManagemefiNCEMEstimated $1.5 billion in damages
statewide not including infrastructure, such as roadsagricultural concerns. According to the SCO
Hurricane Matthew ranks as North Carolinasrft costliest and fifth deadliest tropical cyclone.
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4. Engineering Analysis

Hydrology

Development of Rainfall Runoff Modet The existindNFIPhydrologicdatafor the Neuse Rivewas developed
usingregression analysis calibrated tiischarge gage data. This is an excellent method for determining peak
discharges, however, in order to fully assess mitigation options it was necessary to devgthpladic model
that takes into account volume and timing of the flo&kgression analysis does not do tlisaccount for
timing and volumeahigh levelrainfallrunoff model was created for theffort X dZ h”  [IMS v4.2
software package wasdected for the hydrologic calculationsor additional information on development of
the hydrologic data and the data inputs please refer to Appe@diteuse RiveDraft HydrologyReport.

Basin Delineatiort Subbasins within theNeuse River Basimere delineated using a 5ot hydrocorrected grid
developed from the LIDAR data collected between January and March 2001 by NCEM in support of the North
Carolina Floodplain Mapping Program (NCFMP). Basins were delineated with an approximate sigeare50 s
miles. This is a large basin size for a hydrologic analysis but was deemed appropriate for this project level
analysisFigured.1 shows the basidlelineation.

Fayellaville

Figure4.1: Basin Delineation for Neuse River Hydrologic Model

Falls Lake, Crabtree Ckegpstream of HWY US 1, and Contentnea Creek upstream of Hookerton were
delineated as one basind a discharge gage with a specified hydrograph wasingbg modelat these
locations. The Hurricane Matthew hydrograph was used for the calibration sidredischarge gage

hydrographs were scaled for the frequency event runs based on the frequency rainfall depths in the basin versus

the depths recorded during Hurricane Matthew.

Curve Number DevelopmeritCurve numbers are used to describe the amount offedli that makes it to the
stream as opposed to being intercepted by vegetation, absorbed into the soil, or otherwise prevented from
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contributing to riverine floodingTheSoil Conservation ServiceGpCurve Number method was used to

compute runoff deptls and losses. Inputs for this method are land uselayuitologic soil groug_and use data

was established based on the 2011 National Land Cover Database (NLCD) developed by-Resblution

Land CharacteristidSonsortium. Soil type information wasquired from the Natural Resources Conservation
Service (NRC®rmerly SOSTable4.1 shows the curve number matrix used to estimate curve numbers for each
basin.These values are based on argdent moisture condition Il (AMQ,livhich implies an avage moisture
condition for the soil.

Time of Concentrationt The SCS Unit Hydrograph was used for the hydrologic model. The default peaking factor
of 484 was maintained. The lag time for a basin cathbaght of as how long it takes from the peak of tlaer

event until the peak of the flooding event. Lag 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 inforation on the SCS lag method can be found on the NRCS website.

Reach Routing Channel routing helps take into account the time water spends travelling downstream from one
basin to the next. Channel routing of the discharges was performed using the Musk{ignge method.

Channel and overbank roughness parameters as weHpasr cross sections were developed based on model
cross sections in the FIS hydraulic models provided by NCFMP.

Hydrologic Soil Group

Land Cover A A/D B B/D C Cc/D D W
Barren Land 63 76 77 83 85 87 88 99
Cultivated Crops 64 75 75 80 82 84 85 99
DecidiousForest 36 58 60 70 73 76 79 99
Developed High 89 92 92 94 94 95 95 99
Developed Low 51 68 68 76 79 82 84 99
Developed Med 61 74 75 81 83 85 87 99
Developed Open 39 60 61 71 74 77 80 99
Evergreen Forest 30 54 55 66 70 74 77 99
Grassland 49 60 69 71 79 77 84 99
Herb Wetlands 72 83 80 87 87 90 93 99
Mixed Forest 36 67 60 77 73 82 79 99
Open Water 99 58 99 70 99 76 99 99
Pasture Hay 39 60 61 71 74 77 80 99
Shrub Scrub 35 56 56 67 70 74 77 99
Woody Wetlands 36 58 60 70 73 76 79 99

Table4.1: Curve Numbers for Associated Land Cover and Hydrologic Soil Group (AMC II)

Rainfall Depths Gridded rainfall data from thelurricane Matthew event waacquired from the NCEM Resilient
Redevelopment effort and used as input for the hydrologic model.-Ad24 duration storm was selected for

the model. The temporal distribution was based on the Atlas 14 Voluniéduartile storm. This distribution

was selected based on a comparisoniw tainfall data from the Hurricane Mattheewent to rainfall data

collected at National Weather Service reporting sites for the event in Raleigh and Lumberton. Figure 4.2 shows
the selected storm distribution with the Matthew rainfall data from the Rdleapservation station overlaid on

the distribution. The cumulative recorded rainfall data is the red line on the graph. The 50% probability from the
2% ¢y ES]o *8}EuU A » pe X D}E Jv(}EuU §]}v }v 8Z E ]Jv( oo ]J*8CE] pus]}lv
Volume 2 publication.
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Incremental rainfall depths based on the Atlas 14 curves were entered into thédNEdnodel for each basin.
For more information on the rainfall data inputs

Frequency discharges were developed from gridded rainfall data acduinedAtlas 14. The gridded data was
used to determine rainfall depths for each of the studied frequencies including th&-1@-, 1-, 0.2, and 0.1
percent annual chance events. The rainfall depths were applied on a basin by basin basis. Some genarhliza
the depths was used for ease of input but depths remained within 5% of the computed values.

For locations using input in the form of a discharge gage based on Hurricane Mathew discharge data (Crabtree
Creek and Contentnea Creek), the hydrographeeveeljusted to match the frequency events by using a linear
factor based on rainfall depths. For example, for the watershed upstream of Crabtree Creek at US1 the 4%

vvp o Zv @& ]Jv( 00 %3Z A s }Ju%pus 3} AXO_X dZw3Z {0 X(i 5% &DTE
source hydrograph at this location for the 4%tnual chance event, the discharges recorded amltute
intervals at the gage during Hurricane Matthew were multiplied by 0.83 and input into the model. Additional
detail on use of dis@rge gages in the model can be found in Appendix G.
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Figure4.2: Recorded Rainfall in Raleigh, NC on 10/8/2016 Superimposed"&@ﬂartile Storm

Calibration t Hurricane Matthew was chosen as the calibration storm for the-HES modelThe model was
calibrated in an attempt to replicate the peak discharges, total flood volumes, and flood peak timing at each of
the gaged sites in the river basi@alibration waschieved by making adjustments to the computed basin curve
numbers lag timesand the channel routingarameters A basin map showing the caldtion gages is found in
Figure4.3.
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Figure4.3: Calibration Gages for Hurricane Matthew Calibratetydrologic Model

Curve numbers in thmatrix inTable4.1 are based on AMC, but soils were at a more than average saturation
point at the start of the Hurricane Matthew rainfall event. Because of this, the computed basin curve numbers
needed to be adjusd up to reflect an increased percentage of precipitation running off into waterwidysse
adjustments were madbased on reported volumes at gages during the calibration storm. A table showing the
computed curve numbers as well as the adjusted curvebmmnthat were used in the HEOMS model is

provided inAppendixG. All adjusted curve numbers fall between AMC Il and AMC Il vdlakke4.2 shows the
total volume of watempassing each gage location over the modeled time period of Oc®bwmough Owber

19, 2016.

Flood Volumes (adt.)
Matthew Modeled

Percent

Model Node Gage Location Difference

Neuse River Clayton 96,140 93,957 -2.3%
Swift Creek near McCuller 9,664 9,874 2.2%
Middle Creek 26,275 26,875 2.3%
Little River near Princeton 75,190 75,465 0.4%
Neuse River Goldsboro 632,979 615,427 -2.8%
Neuse River Kinston 598,553 610,862 2.1%
Neuse River Ft. Barnwell 933,772 871,897 -6.6%

Table4.2: Calibration of Discharge Volumes féturricane Matthew Calibrated Hydrologic Model

In addition to using curve numbers for calibration, basin lag times and channel routing parameters were
adjusted to calibrate to the peak discharge and the time of arrival of the peak at each gage |dRatideny

times developed using the SCS lag equation required an average adjustment fagipraiimately +90% in

order to match peak timing at gaged sites. This equation was originally developed for computation of lag times
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in rolling hills on basins with neh smaller drainage areas so the equation was not expected to yield accurate
results without calibration, but it did serve agjaod starting point and help provide a consistent basis from
which adjustments could be applied. Lag time computations are geovinin AppendixG. A comparison of

peak discharges at the calibration points is shown in T4Ble

Peak Discharge (cfs) Percent

Gage Location Matthew Modeled Difference
Neuse River Clayton
Swift Creek neacCullers 7,060 6,975 -1.2%
Middle Creek 20,300 20,132 -0.8%
Little River near Princeton 9,730 10,217 5.0%
Neuse River Goldsboro 54,800 54,899 0.2%
Neuse River Kinston 38,200 39,457 3.3%

Neuse River Ft. Barnwell 49,400 49,936 1.1%
Table4.3: Calibration of Peak Discharges for Hurricane Matthew Calibrated Hydrologic Model

Figurest 4,45, and4.6 showthe shape of the hydrograpk as recorded at the gage s#tand from the
calibrated model for six of the calibration gage sites.
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Figure4 .4: Observed vs. Modeled Hydrographs at Swift Creek and Middle Creek Gages
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Figure4.5: Observed vs. Modeled Hydrographs at Neuse River at Clayton and Little RiverPzeeton

Figure4.6: Observed vs. Modeled Hydrographs at Neuse River at Goldsboro and Neuse River at Kinston
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