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1.0 Introduction

The objective of this analysis is to compile and query historical data necessary to
develop and calibrate a planform evolution model necessary to conduct analytical
calculations relative to post-nourishment shoreline change rates of Future With Project
(FWP) scenarios. This study focuses on the transition between the Surf City, North
Carolina (Figure 1) coastal storm risk management (CSRM) project area and the
existing shoreline.

The currently Authorized Project at Surf City consists of a 14" NAVD88 elevation dune
with a 25’ wide crest, combined with a 50’ wide berm set at elevation 6° NAVD88. The
project initially extended further north through North Topsail Beach (NTB). This
evaluation of transition lengths became necessary due to the withdrawal of NTB from
the project and reduction of its overall length. Initial construction is planned for 2024
with a planned nourishment interval of 6 years through the life of the 50-year project.

virginia

Norf olk
: +* Beach
.

% - ';"‘_———KW—'EED-U’L.,BH stol—z _
L £ N, 7Y . e

Johnson Gi gy
LJ .

Winston-Salem
Knoxville B
.

. k. it
Greensboro Jurhimye gL
Raleigh
.
Greenville

North *

Carolina
Charlotte
.

Fayetteville
.
}——_;_ Jacksonvlle
\ 5

\\_

.Cd.urnbla ‘\

\\

Wilmington
.

South
Carolina

“e Augusta

North

.Mamn Charleston

.
Warner Robins } Charleston e* Mt/ Pleasant
.

IS 7
Figure 1. Location of Surf City, North Carolina.

2.0 Model Setup and Calibration

The USACE GenCade one-line, one-dimensional shoreline evolution model was used
for the Surf City shoreline change rate analysis. GenCade was developed by the
USACE's Coastal Inlets Research Program (CIRP) to combine and improve upon the
capabilities of previous shoreline response models GENESIS and Cascade.

The GenCade shoreline model for Surf City was created using hindcast conditions,
shoreline locations derived from profile surveys obtained from the town of Surf City, and
historical erosion rates. The model was calibrated and validated using historical erosion
rates with the mean high water (MHW) contour derived from the most recent profile
survey, taken on July 5, 2022. This contour was estimated at an elevation of 1.39 ft
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NAVDB88, which corresponds to the MHW datum according to NOAA Station 8658163 at
Wrightsville Beach (NOAA, 2023a).

The model was developed using a one-dimensional grid that travels approximately
parallel to the Surf City ocean-side shoreline (Figure 2). The grid is represented by a
black, marked line, the initial shoreline is represented by brown points, and the location
of the wave gauge used for driving the simulation is located offshore, perpendicular to
the location of the red circle relative to the grid. Shoreline positions are measured as
distance from 100-ft intervals, or “cells”, along this grid. The grid has a total length of
37,000 ft (370 cells) and lies at an azimuth of 232.5°.

0‘9

Figure 2. GenCade Model Setup.

Simulations were run to calibrate the model, comparing modeled erosion rates to
historical erosion rates. Model parameters were adjusted until a minimum root mean
squared error (RMSE) was achieved. Wave data from NDBC Station 41159, located at
a depth of 98 ft, 9.4 miles offshore from Surf City, were used for the model runs in both
the calibration phase and FWP phase (NOAA, 2023b). Parameters used to drive the
model are shown in Table 1 and calibrated shoreline positions compared to positions
from historical rates are shown in Figure 3.
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Table 1. GenCade Input Variables.

Parameter Name Value

Grid size 37,000 ft

Cell size 100 ft

Grid angle 232.5°

Simulation start date July 18", 2019 (00:00)
Simulation end date June 13", 2022 (00:00)
Grain size 0.35 mm

Average berm height 6.0 ft

Closure depth 24.0 ft

Longshore sand transport coefficient, K1 | 0.5

Longshore sand transport coefficient, K2 | 0.25

2300

2100

= 4
(]
£ 1900
£ /
: /
c
T~ 1700 /
wv
a -0 4
N v
\ /
1500 Ban B S S y, ~
e F
T WP
1300
0 50 100 150 200 250 300 350

Cell Number

Initial Shoreline ~ =——Final Shoreline Historic Erosion

Figure 3. Simulated results vs. historical erosion rates.

After determining the necessary input variables for calibration, FWP simulations were
run. These simulations used the same input data as those used in calibration runs, but
each with a new constructed initial shoreline. The FWP shoreline was created using the
MHW location of the design berm, with transitions tying into the existing MHW contour
based on the 2022 survey. Transition lengths of 1000 ft, 1500 ft, and 2000 ft were
tested, each as its own simulation with an appropriate initial shoreline reflecting each
transition length. The initial shoreline positions of each transition length are shown in
Figures 4 and 5.
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Figure 4. FWP Transition design MHW contours — northeast shoreline.
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Figure 5. FWP transition design MHW contours — southwest shoreline.

3.0 Results and Discussion
Using the design berm MHW contours, each of the three transition lengths was modeled

using the same boundary conditions. The performance of each transition design was
analyzed based on the position of the shoreline at the end of each simulation, relative to
the position at the beginning. The simulations each ran for the same measured wave
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conditions as those used in calibration, totaling in 2.9 years of data. Therefore,
application of rates derived from these simulations would require a method of
interpolation. Because the purpose of this study was to simply assess the sensitivity of
project performance to transition lengths, only the 2.9-year period was needed.

Results of these simulations were analyzed separately for each transition. These
transitions will herein be referred to as the northeast transition (closest to North Topsail
Beach) and the southwest transition (closest to Topsail Beach). Final positions of the
2.9-year simulation are shown in Figures 6 and 7 and Tables 2 and 3, where negative
(red) values in the tables indicate erosion and positive (green) values represent
accretion. Plots in the figures have been oriented to reflect the shoreline for easier
comprehension.
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Figure 6. Initial vs. final simulated shorelines for all FWP scenarios — northeast
shoreline.
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Southwest Shoreline
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Figure 7. Initial vs. final simulated shorelines for all FWP scenarios — southwest
shoreline.
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Table 2. Simulated FWP MHW contour positions — northeast shoreline.

Distance from Grid (ft) Difference (ft) Total Erosion Reduction (ft)
Cell | oo | 1000 | 1000 | 1500 | 1500 | 2000 | 2000 | 1000t | 1500t | 2000 | 1500 ft | 2000t | 2000 ft
ID ft ft ft ft ft ft Final - | Final- | Final - VS. VS. VS.
Initial | Final | Initial | Final | Initial | Final | Initial | Initial | Initial | 1000 ft | 1000 ft | 1500 ft
1647. | 1647. | 1647. | 1647. | 1647. | 1647.
1 A A A A A A 0.0 0.0 00| 00 0.0 0.0
1641. | 1649. | 1642. | 1650. | 1642. | 1650.
2 A : A 5 1 > 78 83 81| 06 0.4 0.2
3 | Existing 16§’4' 16851' 1635' 16652' 16135' 16652' 17.1 176 175| 08 07 0.0
MHW
4 | con 71630, | 1653. | 1630. | 1654. | 1630. | 1655. 3al 40| 242 10 . o
5 9 9 9 7 0
1630. | 1656. | 1630. | 1657. | 1630. | 1657.
5 - S ; > - 4 253| 265| 267| 1.1 13 0.2
1630. | 1658. | 1630. | 1659. | 1629. | 1659.
6 > 1 ; i - 5 279| 200| 300| 13 16 03
1630. | 1660. | 1630. | 1661. | 1635. | 1662.
7 ; s - . s 1 206| 309| 266| 14 1.9 05
o 1631. | 1662. | 1631. | 1663. | 1641. | 1664. 00| 38| 232 1s 2 06
2000 2 2 0 8 2 4
9 | Transitio 1631' 16164' 1631' 1635' 16g6' 1626' 328| 346| 198| 18 25 07
n
1631. | 1666. | 1631. | 1667. | 1652. | 1668.
10 . . . 5 ; 5 341| 360| 161| 1.9 28 0.9
1632. | 1667. | 1632. | 1669. | 1658. | 1670.
11 . : S s 1 . 351| 370| 128| 2.1 3.0 1.0
1633. | 1669. | 1642. | 1671. | 1664. | 1672.
12 . 5 : , : . 357| 291 86| 22 33 1.1
13 | 1500 ft 16:’4' 16271' 1630' 16g3' 16§9' 16;“' 368| 236 50| 23 35 1.2
Transitio
1629. | 1672. | 1657. | 1675. | 1675. | 1676.
14 n - , > ! , , 435  18.0 08| 25 38 1.3
1629. | 1674. | 1664. | 1676. | 1681. | 1678.
15 2 ; . i . ; 452 12.3 32| 28 4.0 1.4
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16 165,5. 16;5. 16;1. 16;8. 16187. 16;9. 90 5| 72l o7 ‘s .
17 16;16. 16;6. 16179. 16g9. 16;92. 16;31. 305 5| 1| 28 " -
18 1637. 16;7. 16‘?6. 16880. 1638. 16582. 09| 5ol 161l 29 P -
19 16767. 16;8. 16;)3. 1631. 1724. 1623. 12l sl 208] 30 P -
20 1618. 16779. 1781. 16882. 17210. 16§4. 3| 82| 286 3 e -
21 | 1o00f | 1099 | 1680 708 | 16831 1716|1685 1 g6 247| 305 32 5.0 19
9o Trarr'f't'o 16;)9. 16(?1. 17&5. 16:?4. 17§1. 16286. o7l 313l sma| 32 e s
03 1710. 16581. 1752. 16;34. 1737. 16;36. 200l 381l wo7| 32 ca o
ot 17121. 16§1. 175,0. 16185. 175,3. 16287. 203| 51| 58| 33 5 4 20
o 1731. 16(2)32. 1727. 16?2’35. 1739. 16‘2137. ool w21 s18| 34 . .
o6 17542. 16(?2. 17;14. 16‘?5. 17;14. 16587. w05 | e8| wea| a4 . iy
07 17541. 16981. 17541. 16?2’35. 17541. 16587. 08| o1 a0l a4 . .
08 17;38. 16781. 17;38. 16185. 17;38. 16:?7. 70| 36| 514| 34 oo s
2 | peson 1735. 16?2’31. 1735. 16;34. 1735. 16986. oio| w11 asel| as . s
20 Blﬂ\% 17133. 16§o. 17133. 16:?4. 17133. 16‘?6. o3| ass| aee| 34 oo 22
51 | Contour 17;0. 16;30. 17;0. 16g3. 17;0. 16;35. 01| 06| aas| a4 . s
2 17527. 16579. 17527. 1632. 17527. 16185. 50| 26| aoa| aa oo s
23 17724. 16778. 17724. 16?2. 17724. 16?2’34. 60| 226 05| a4 oe s
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34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

1751. 16;7. 1751. 16281. 1751. 16??3. a1 a07] s8s| 34 . y
17119. 16;6. 17119. 16;30. 17119. 16:2332. 422| 389| -368| 33 54 y
17;6. 16;5. 17;6. 16179. 17;6. 16281. 205| 72| 351| 33 54 y
17513. 16;4. 17513. 1658. 17513. 16$o. 387| 55| .335| 32 53 y
17710. 16773. 17710. 16876. 17710. 16;8. 370| 339 319! 34 5o 0
17??9. 16572. 17??9. 16;5. 17??9. 16;7. 367| 337 37| 34 iy 0
17(())8. 1611. 17(())8. 1614. 17(())8. 16;6. 366 336] 317| 30 50 0
17;)6. 16270. 17;)6. 16173. 17;)6. 1655. 365| 336| 317| 29 48 19
1725. 16(6)39. 1725. 16971. 1725. 16773. 364| 335 317| o9 47 19
17104. 16967. 17104. 16770. 17104. 16572. 362| 334| 316| o8 16 18
17§2. 16;36. 17§2. 1629. 17§2. 16;1. 360 333| 315| 27 45 18
1721. 16965. 1721. 16568. 1721. 16270. 357 334] 313| 26 43 17
17;)0. 16;34. 17;)0. 16567. 17;)0. 16169. 353 28| 31| o5 42 17
16(&))9. 16164. 16(&))9. 16g6. 16(&))9. 16168. 349 24| 08| o5 0 16
16;)7. 16;33. 16;)7. 16;35. 16;)7. 16;37. 343| 320| -304| o4 39 15
165196. 16g2. 165196. 16964. 165196. 1626. 338| 315 300| 23 28 15
16195. 16(6)32. 16195. 16;34. 16195. 1625. 331 300| .295| o2 36 14
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Table 3. Simulated FWP MHW contour positions — southwest shoreline.

Difference (ft)

Total Erosion Reduction (ft)

Distance from Grid (ft)
Cell 1000 | 1000 | 1500 | 1500 | 2000 | 2000
ip | Reach ft ft ft ft ft ft
Initial Final Initial Final Initial Final
321 2041. | 1973. | 2041. | 1973. | 2041.
6 0 6 9 6
399 2052. | 1983. | 2052. | 1984. | 2052.
3 2 3 1 3
303 2063. | 1993. | 2063. | 1994. | 2063.
0 6 0 5 0
304 2073. | 2004. | 2073. | 2005. | 2073.
7 1 7 1 7
305 2084. | 2014. | 2084. | 2015. | 2084.
4 9 4 9 4
326 2095. | 2025. | 2095. | 2026. | 2095.
1 8 1 8 1
307 2105. | 2036. | 2105. | 2037. | 2105.
Design 9 9 9 9 9
308 Berm 2116. | 2048. | 2116. | 2049. | 2116.
MHW 6 1 6 2 6
329 Contour | 2127. | 2059. | 2127. | 2060. | 2127.
3 5 3 6 3
330 2138. | 2071. | 2138. | 2072. | 2138.
0 0 0 1 0
331 2148. | 2082. | 2148. | 2083. | 2148.
7 6 7 8 7
339 2159. | 2094. | 2159. | 2095. | 2159.
4 4 4 6 4
333 2170. | 2106. | 2170. | 2107. | 2170.
1 2 1 4 1
334 2180. | 2118. | 2180. | 2119. | 2180.
9 0 9 3 9
335 2191. | 2129. | 2191. | 2131. | 2191.
6 9 6 2 6

1000 ft
Final -
Initial

1500 ft
Final -
Initial

2000 ft
Final -
Initial

1500 ft | 2000 ft | 2000 ft
VS. VS. VS.
1000 ft | 1000 ft | 1500 ft
0.9 1.2 0.3
0.9 1.2 0.3
1.0 1.2 0.3
1.0 1.3 0.3
1.0 1.3 0.3
1.0 1.3 0.3
1.1 1.4 0.3
1.1 1.4 0.3
1.1 1.5 0.3
1.2 1.5 0.3
1.2 1.5 0.3
1.2 1.5 0.3
1.2 1.6 0.3
1.2 1.6 0.3
1.3 1.6 0.3




336 2202, | 2100 | 2202 | 2190 | 2202 | 219 1G04 | s92| 588| 13 | 16 | 03
2213, | 2153. | 2213. | 2155. | 2213. | 2155.

337 A : A : A : 592| 79| 576 13 | 16 | 03

338 2223, | 2195 | 2229, ) 2107 | 2225, | 2107 | g79|  566| 563 13 | 16 | 03
2234, | 2177. | 2234. | 2179, | 2234, | 2179,

339 ; . ; : ; K 566| 553 550 13 | 16 | 03
2244, | 2189, | 2244, | 2191, | 2244. | 2191,

340 A : . 1 A . 546| -585| -527| 13 | 16 | 03

" 2251 | 2201. | 2252 | 2203. | 2252 | 2203. | o] aom| woa| 13 | 16 | o3

5 8 9 1 8 4

342 2208, | 2273, | 2201 | 2205, | 2201 | 2205 | 448| 461| -458| 13 | 16 | 03
2265. | 2225. | 2269. | 2226. | 2269. | 2227.

343 . . : : . : 400| -424| -424| 13 | 16 | 03

344 2212. | 2237 | 22]7. | 2298, | 2217. | 2299 | 355| 388| -384| 13 | 16 | 03

345 | 000ft | 2279 | 2209 | 2205, 1 2250, ) 2280, | 2290 | 305| 353| 360| 13 | 16 | 03

Transitio
g | oSO 2286, | 2260. | 2204. | 2262. | 2294. | 2262. | ol mis| sm1| 13 | 16 | o3
8 9 0 2 6 5

347 2293, | 2272 | 2302 | 2279, | 2302 | 2274 | p13| 285| 286 12 | 15 | 03

348 2001 | 2284, | 2010, ) 2285 | 2311 | 2285 | 68| 251| -255| 12 | 15 | 03

349 2908, | 2295 | 2318} 2286, | 2319, | 2207 | 44| 219| 225 12 | 15 | 03

250 2316, | 207, | 2327 | 2808 | 2626 [ 2008 | i g7 | aga| 12 | 15 | 03

21 2525, | 2316 | 2336 | 2319. [ 2836 [ 2019 | 751 5e| 4gs| 12 | 14 | 03

1500 ft
352 | Transitio | 2550 | 2929 | 2343, | 2390, | 2395, 1 281 66| 26| -142| 14 14 | 03
n

2346, | 2340. | 2351. | 2342. | 2352, | 2342.

353 : : - A - A 61| 97| -105| 11 | 13 | 02
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2357. | 2352. | 2359. | 2353. | 2362. | 2353.
354 : - : : 5 : 56| 68| 89| 1.1 13 | 02
. 2360. | 2363. | 2068, | 2064 | 2360 | 2364 | 5ol 9| s2| 10 | 12 | 02
256 2368. | 2574. | 2966, | 2975, | 2377 | 2375, cal sl 22| 10 | 12 | oz
- 2373, | 2385, | 2075 | 2086, | 2386, | 2086 [ el 09| 10 | 11 | o2
2000
358 | Transitio | 2395 | 2905 | 2988 | 2390, | 2334, | 2397, 79| 84| 28| 09 | 10 | 01
n
2399. | 2406, | 2400. | 2407. | 2403. | 2407,
359 5 : : ; : : 74| 75| 47| 09 | 10 | o1
2411, | 2417, | 2412. | 2418. | 2400, | 2418.
360 A ; A A : ) 57| 64| 91| 08 | 09 | o1
o1 2425. | 2428. | 2425. | 2420, | 2425. | 2429 23l 30l 38| os | os | o
24471, | 2438. | 2440, | 2439. | 2440. | 2439.
362 A : . : A : 24| 10| -04| 07 | 08 | 00
2455 | 2449 | 2455. | 2450. | 2455. | 2450,
363 : : : ; : ; 64| 57| 51| 07 | 07 | 00
2467. | 2460. | 2467. | 2460. | 2467. | 2460.
364 . 1 : : : : 77| 70| 71| 06 | 06 | 00
365 | Existing | 2y | 20 | 2482 2471 2482 24711 407 ] 410|113 06 | 06 | 00
MHW
366 | Contour | 2909 | 2401 | 2409 | 2481, | 2438, 1 2481 1 4781 74| 72| 05 | 05 | 00
367 2575, | 2401 | 2015, | 2492, | 2815, | 2402 | p40| 232| 234| 05 | 04 | -0
2518. | 2502. | 2518. | 2502. | 2518. | 2502.
368 ! : 1 . i ; 1641| -154| -161| 04 | 03 | -0.1
369 2023. | 2012 | 2023. ) 2513, | 2523, | 2913 | 406| -106| -105| 04 | 02 | -0.1
2523. | 2523. | 2523. | 2523. | 2523. | 2523.
370 : : : : : : 00 00| 00 00 | 00 | 00
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These results show that increasing the transition length adds minimal benefit in
decreasing overall planform erosion. At the southwest transition, the existing MHW
contour nearly ties in with the design berm location, causing the transition to be nearly
unnoticeable. However, at the northeast end of the shoreline, the design berm protrudes
from the existing MHW contour more significantly. This causes transition lengths to
have a stronger effect on the total planform erosion over the 2.9-year simulation, but the
reduction in erosion is still minimal. At cell 29, which is the location in which the
maximum erosion differences between transition lengths occurs, the total erosion
between the initial shoreline and final simulated position is only 3.5 ft less for the 1500 ft
transition and 5.7 ft less for the 2000 ft transition, compared to erosion occurring with
the 1000 ft transition. The differences between these total erosion values for each
transition length are small relative to the total erosion occurring throughout the
simulation.

4.0 Conclusions

A GenCade model was calibrated using an existing MHW contour and hindcast wave
data to match historical erosion rates. Three FWP scenarios were then simulated to
analyze the effects of transition lengths on overall planform erosion rates. FWP
scenarios were modeled using the design MHW location throughout the project, with
transitions tying into the existing MHW contour. Transitions modeled had widths along
shore of 1000 ft, 1500 ft, and 2000 ft and were analyzed separately for the northeast
and southwest ends of the project.

Because more sediment is required to build a longer transition, the 2000 ft transition
performed best over the 2.9-year simulation. However, relative to the total erosion
occurring throughout the simulation, the reduction in total erosion was minor in both the
northeast and southeast portions. Based on these results a 1,000’ transition length is
recommended.
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