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Project Schedule for the 2018 Re-Nourishment

2016
Month 1 May |Initiate work
(1) Define the ideal (target) beach condition
i —om- | (2) Conduct borrow area survey & obtain bor
Sept | (3) Develop renourishment requirements, dune stabilization
alternatives, and initiate engineering studies
Mon 68— -Dec | Design, cost estimates, field work, initiateW
2017
(1) Prepare supporting environmental documents
Mon 9-13 Jan-May | (2) Complete preliminary design
(3) Pre-application meetings with regulatory & resource agencies
Mon 14 Jun [ Submit permit applications with supporting documents
Mon 15-20 | Jul-Dec [Permit liaison to secure permitsin time
2018
Mon21-24 | Jan-Apr Recqve permlts/ prepare plans and spec.lflcatlons, re.quest bids,
receive bids, select contractor, construction preparation
Mon 25-28 | May-Aug | Construction and construction administration




Planning Goal of the 2018 Re-Nourishment

—To Define a “Target” Beach Condition

* Provide higher level of storm protection
* Provide wider recreational beach
ress south end of Nags Head erosion 1SS

Integrate dune management plan into the
rishment design

* Replenish sand deficit in the “sand box”




Project Reaches and Subreaches

* Reach1l-MP11t016.8
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Subreaches in Reach 3




Results -Sand Volumes by Station along Nags Head

Nags Head Beach Cumulative Unit Volumes

Lenses 1-3: From Face of Dune to -19 FT NAVD
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2011 Nourishment Project 5 Year Summary

Nags Head Beach Volume Changes To -19 FT NAVD By Reach
(Relative To November 2010 - Pre-Project)

Placed (May to Oct-11) ® Confirmed (Nov-11)
3 Yr After (Jun-14)

2 Yr After (Jun-13)

Post-Project (Jun-12) m 1 Yr After (Nov-12)
4 Yr After (Jun-15)

5 Yr After (Jun-16)

2,500,000

2,000,000

1,500,000

1,000,000

500,000

Cumulative Volume (Cubic Yards)

2,102,809
2,088,642

1,911,609
1,908,360
1,790,705

1,619,172

1,361,165
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(Jun-16 Versus Jun-15):

R1 - Gained 17%
R2 - Gained 3%
R3 - Lost 5%

R3N - Gained 1%

R3S - Lost 32%
R4 - Lost 74%

Overall - Gained 6%
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1,373,586
1,346,691

1,268,412

1,292,398
1,305,026

Reach 1

(MP 11 to 16.8)

Reach 2
(Bonnett St. to Gov St.) (Gov St. to James St.)

(MP 16.8 to 19.2)
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)lérishment Sand
Remaining

(Jun-16 vs Nov-11):
R1 - Gained 23%
R2 - Gained 0.6%
R3 - Lost 40%
R3N - Lost 23%
R3S - Lost 76%
R4 - Lost 90%

\Overall - Lost 10% /
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197,184
207,8
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37,614
114,850
61,492
16,051

342,877
235,508
150,620

102,293

Reach 3N

Reach3S Reach 4

(James St. to Limu St.) (Limu St. to Tern St.) (Tern St. to McCCt.)

(MP 19.2 to 20.2)

(MP 20.2 to 20.8) (MP 20.8 to 21)




Volume Loss along South Nags Head
(June 2016 vs. Project Completion in Nov 2011)

Cumulative Volume (Cubic Yards)

Nags Head Beach Volume Changes To -19 FT NAVD By Reach
(Relative To November 2010 - Pre-Project)

Placed (May to Oct-11) m Confirmed {Nov-11)
2 Yr After (Jun-13)

3 Yr After (Jun-14)

Post-Project (Jun-12) = 1 Yr After (Nov-12)

4 Yr After (Jun-15)

5 Yr After (Jun-16)

2,500,000

2,000,000

1,500,000

1,000,000

500,000

2,102,809
1,911,609
1,908,360

2,088,642

1,790,705

1,619,172

Reach 1

{Jun-16 Versus Jun-15):

R1 - Gained 17%

R2 - Gained 3%

R3 - Lost 5%
R3N - Gained 1%
R3S - Lost 32%

R4 - Lost 74%

Overall - Gained 6%

1,361,165
1,373,586
1,292,298
1,346,691
1,268,412
1,305,026

893,643

Reach 2

923,524

Reach 3N

Nourishment Sand
Remaining
(Jun-16 vs Nov-11):
R1 - Gained 23%
R2 - Gained 0.6%
R3 - Lost 40%
R3N - Lost 23%
R3S - Lost 76%
R4 - Lost 90%
Overall - Lost 10%

794,709
790,308

648,562
657,898
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Reach 4

(Bonnett St. to Gov 5t.) {Gov St. to James St.) (James St. to Limu 5t.) (Limu St. to Tern St.) (Tern St. to McCCt.)

(MP 11 to 16.8)

(MP 16.8 to 19.2)

(MP 19.2 to 20.2}

{MP 20.2 to 20.8} (MP 20.8 to 21)

Reach 1 - Gained
~390,000 cy (2.8 cy/ft/yr)

Reach 2 - Stable

Reach 3N - Lost
~200,000 cy (8 cy/ft/yr)

Reach 3S - Lost
~320,000 cy (20 cy/ft/yr)

Reach 4 - Lost
~160,000 cy (23 cy/ft/yr)

Reaches 3&4 lost ~680,000 cy in 5 years

(~950,000 cy by 2018)



Project Scale for the 2018 Re-Nourishment

e 10-mile from MP 11 to 21

* Four reaches and two subreaches in Reach 3

* Low range fill quantity = 1.8 MCY (~34 cy/ft)

* Mid range fill quantity = 2.4 MCY (~45 cy/ft)

* High range fill quantity =3 MCY (~57 cy/ft)

* Fill density (# of cy per ft) varies from north to south

North Boundary near Bonnett St. (MP 11) South Boundary near McCall Court (MP 21)



2018 Renourishment Formulation - Fill Scenario
(Restore most of the lost volume since 2011 in R3&4

plus min fill in R1&2 )
Reach 1 (29,300 ft) - Gained ~390,000 cy (2.8 cy/ft/yr)
Minimum fill = 20 cy/ft 590,000 cy
Reach 2 (13,000 ft) - Stable
Minimum fill = 30 cy/ft 390,000 cy
Reach 3N (5,500 ft) - Lost ~300,000 cy (8 cy/ft/yr)
Restoration fill =55 cy/ft 300,000 cy
Reach 3S (3,500 ft) - Lost ~490,000 cy (20 cy/ft/yr)
Restoration fill = 120 cy/ft 420,000 cy
Reach 4 (1,500 ft) - Lost ~250,000 cy (23 cy/ft/yr)
Restoration fill =67 cy/ft 100,000 cy
Subtotal Fill = 1,800,000 cy
Advance Fill = 0cy

Total Fill =1,800,000 cy



2018 Renourishment Formulation - Fill Scenario
(Restore the lost volume since 2011 in R3&4
plus economic fill in R1&2 )

Reach 1 (29,300 ft) - Gained ~390,000 cy (2.8 cy/ft/yr)

Economic fill =30 cy/ft 880,000 cy
Reach 2 (13,000 ft) - Stable
Economic fill =35 cy/ft 480,000 cy
Reach 3N (5,500 ft) - Lost ~300,000 cy (8 cy/ft/yr)
Restoration fill =55 cy/ft 300,000 cy
Reach 3S (3,500 ft) — Lost ~490,000 cy (20 cy/ft/yr)
Restoration fill = 140 cy/ft 490,000 cy
Reach 4 (1,500 ft) - Lost ~250,000 cy (23 cy/ft/yr)
Restoration fill = 167 cy/ft 250,000 cy
Subtotal Fill =2,400,000 cy
Advance Fill = 0cy

Total Fill = 2,400,000 cy



2018 Renourishment Formulation - Fill Scenario
(Restore the lost volume since 2011 in R3&4
plus advance fill in most reaches )

Reach 1 (29,300 ft) - Gained ~390,000 cy (2.8 cy/ft/yr)

Average fill = 40 cy/ft 1,150,000 cy
Reach 2 (13,000 ft) - Stable
Average fill = 45 cy/ft 600,000 cy
Reach 3N (5,500 ft) - Lost ~300,000 cy (8 cy/ft/yr)
Restoration fill =90 cy/ft 500,000 cy
Reach 3S (3,500 ft) - Lost ~490,000 cy (20 cy/ft/yr)
Restoration fill = 143 cy/ft 500,000 cy
Reach 4 (1,500 ft) - Lost ~250,000 cy (23 cy/ft/yr)
Restoration fill = 167 cy/ft 250,000 cy

Subtotal Fill = 2,400,000 cy
Advance Fill= 600,000 cy
Total Fill = 3,000,000 cy



Advance Fill - Annual Erosion Rate for Renourishment
Design

« Estimated annual erosion rate (USACE*): 900,000 cy/yr
 Adopted annual erosion rate by CSE**: 275,000 cy/yr

* Actual annual erosion rates since project completion have varied
Max erosion rate: ~500,000 cy/yr (2012 to 2013)
Max accretion rate: ~250,000 cy/yr (2015 to 2016)

Average change erosion at 100,000 cy/yr***

*USACE 2000. Final feasibility report and environmental impact statement: Dare
County beaches.

**CSE 2005 & 2011. Preliminary and final design reports for beach nourishment at
Nags Head.

*** As of June 2016 before Hurricane Matthew
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Reach 1 — June-2016 Average Profile and 2018 Renourishment Template

—Reach 1 (Jun-16)
Low Fill = 20 cy/ft
Mid Fill = 30 cy/ft

g 10 High Fill = 40 cy/ft
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Reach 2 — June-2016 Average Profile and 2018 Renourishment Template
25
20 —Reach 2 {Jun-16)
Low Fill = 30 cy/ft
15 —
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Preliminary Design for
Average Profile By
Reach/Subreach

 Reach 1 (29,300 ft)
Low Fill = 590,000 cy
Mid Fill = 880,000 cy
High Fill = 1,150,000 cy

 Reach 2 (13,000 ft)
Low Fill =390,000 cy
Mid Fill = 480,000 cy
High Fill = 600,000 cy
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Low Fill = 55 cy/ft
v Mid Fill = 55 cy/ft
10 High Fill = 90 cy/ft

Reach 3N — June-2016 Average Profile and 2018 Renourishment Template

——Reach 3N (Jun-16)
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Reach 3S — June-2016 Average Profile and 2018 Renourishment Template
25
20 —Reach 35 (Jun-16)
Low Fill = 120 cy/ft
15
Mid Fill = 140 cy/ft
g 10 High Fill = 143 cy/ft
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Preliminary Design for
Average Profile By
Reach/Subreach

 Reach 3N (5,500 ft)
Low Fill =300,000 cy
Mid Fill =300,000 cy
High Fill = 500,000 cy

 Reach 3S (3,500 ft)
Low Fill =420,000 cy
Mid Fill = 490,000 cy
High Fill = 500,000 cy
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Low Fill = 67 cy/ft
Mid Fill = 167 cy/ft
High Fill = 167 cy/ft

Reach 4 — June-2016 Average Profile and 2018 Renourishment Template

——Reach 4 {Jun-16)
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June-2016 Average Profile and 2018 Renourishment Template
25
20 —All Reaches Average (Jun-16)
Low Fill = 34 cy/ft
15 Mid Fill = 45 cy/ft
=) High Fill = 57 cy/ft
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Preliminary Design for
Average Profile By
Reach/Subreach

 Reach 4 (1,500 ft)
Low Fill =100,000 cy
Mid Fill =250,000 cy

High Fill = 250,000 cy

* Total (52,800 ft)

Low Fill = 1,800,000 cy
Mid Fill =2,400,000 cy
High Fill = 3,000,000 cy



Nags Head Beach Width Before/After 2011 Project
From CSE 2014 to 2016 Monitoring Reports
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Projected Beach Width Increase After Renourishment
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Long-Term Shoreline Management Example - Myrtle Beach (SC)

Average Unit Beach Volume 1954-Present
Myrtle Beach SC - 9 miles
Foredune to Low-Tide Wading Depth (-5 ft NGVD)
160 ‘
Data Sourceé:
i 1955, 1997 USACE Profiles (n=21-55) - *
140 | 1987-1983 U of SC; RPI Profiles (n=36-51) L7 '
1985-1995, 2000-2010 CSE Profiles (n=51-95) ~ ]
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Total Nourishment Volume since 1986: 5 MCY
Scheduled Re-nourishmentin 2017: 1.7 MCY (cost estimate $26 M)
Average Erosion Rate since 1997 : 50,000 cy/yr (1.1 cy/ft/yr)
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Long-Term Shoreline Management for Nags Head

Nags Head Average Unit Beach Volume Since 1994
Foredune fo FEMA Depth Limit (-19 ft NAVD)
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15t Nourishment Volume (2011): 4.6 MCY
Average Erosion Rate since 2011 : 100,000 cy/yr (1.8 cy/ft/yr)
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