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EXECUTIVE SUMMARY

The Town of Nags Head Beach Monitoring and Maintenance Plan is sponsored by the
Town of Nags Head (Town) as a continuation of the 2011 monitoring program initiated for
assessing beach conditions. The primary purpose of the program is to assess current and
historical shoreline conditions, determine shoreline and volumetric changes and evaluate
the performance of beach nourishment and other restoration efforts. Evaluating and
documenting these changes consistently over successive years provides information
necessary to plan for future beach nourishments and to support development of the Town’s
multi-decadal Beach Nourishment Master Plan.

The latest annual summer survey took place in June 2024 and was carried out by McKim
& Creed. Furthermore, a fall survey, prompted by observed scarping along the Town’s
beachfront, was conducted by McKim & Creed in October 2023, along with another annual
survey in June 2023. This report outlines the data sources, methodologies, and findings of
a survey evaluation conducted by Moffatt & Nichol. The evaluation compares the June
2024 survey to the data from October 2023 and June 2023 surveys.

The survey data was used to compute shoreline change at Mean High Water (MHW), which
is designated as +1.18 ft NAVD88 for Nags Head, and volume change above +6 ft
NAVD88 (berm), MHW, -6 ft NAVD88 (wading depth), -14 ft NAVD88 (outer bar), -19
ft NAVD88 (approximate depth of closure), and -30 ft NAVD88 (offshore).

During the 2019 Beach Nourishment Project approximately 4.0 million cy of material was
placed along approximately 10 miles of shoreline. The shoreline position and volume
changes above six elevations relative to pre-nourishment conditions (April 2019) along the
Nourished Oceanfront (Station 495+00 — 1025+00) were also analyzed.

Figure ES-1 illustrates the shoreline changes relative to pre-nourishment condition (April
2019) along the Nourished Oceanfront. As can be seen from the figure, a significant
landward recession occurred along the Nourished Oceanfront since the completion of the
2019 nourishment project. The majority of this recession, noted before the post-Dorian
survey, can be attributed to Hurricane Dorian. However, a portion of it was also due to
profile equilibration, a natural occurrence during the stabilization of the nourishment
profile. Similarly, the August 2022 post-Dorian renourishment project helped mitigate
some of the recession. However, by June 2023, the shoreline had receded again, likely due
to ongoing profile equilibration. This year, high-energy wave events caused further
significant recession, particularly in the southern reaches (3S and Reach 4). In Reach 4, the
shoreline has receded beyond the April 2019 pre-nourishment condition.
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Figure ES-1. Nourished Oceanfront Average Shoreline Change Relative to Pre-
Nourishment Conditions

Figure ES-2 illustrates that the overall changes in sand volume vary with the depth above
which volumes are assessed. Since the completion of the 2019 nourishment project
approximately 598,349 cy (11.3 cy/ft) of volume gain was observed above -19 ft NAVD88
along the Nourished Oceanfront. This indicates that 127% of the volume present in August
2019 above -19 ft NAVD88 has remained within the system through the June 2024 survey.
It's important to highlight that 614,106 cubic yards of material were placed during the 2022
Post-Dorian Renourishment project, indicating that without this renourishment, material
loss would have likely occurred above -19 ft NAVD88. The results suggest significant
cross-shore shifts of sand across various elevations. Notably, much of the sand has moved
to lower elevations near the depth of closure, where it becomes vulnerable to being
removed from the system during high-energy wave events.

Figure ES-3 presents the volume changes above -19 ft NAVDS88 relative to pre-
nourishment conditions (April 2019) along the Nourished Oceanfront. Reach 1 and Reach
2 show volume gains above -19 ft NAVD88 when compared to pre-nourishment levels. In
contrast, the remaining reaches experienced material losses, with Reach 3N and Reach 3S
both losing less than 50% of the material placed during the 2019 nourishment. However,
Reach 4 has undergone significant material loss, having lost 62% of the nourished material
by the end of this monitoring period.
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Volume changes during the monitoring period indicated that the Nourished Oceanfront and
Total Monitored Oceanfront both experienced losses in material above -19 ft NAVD88
indicating material being moved out of the Town’s sediment system. Key statistics for
reaches along Nags Head along with the entire oceanfront shoreline were as follows:

Table ES-1. Nags Head Shoreline and Average Unit Volume Change Statistics (June
2023 — June 2024)

avg shoreline avg volume | 39 volume | avg volume | avg volume | avg volume |avg volume
June 2023 vs. Transects Reach| change @ chag o above change above| change change change change
June 2024 Length +1.18 ft +6 ft?\lAVDBB +1.18ft above -6 ft | above -14 ft | above -19 ft |above -30 ft
NAVD88 NAVD88 NAVD88 NAVD88 NAVD88 NAVD88
Reach # ft ft cylft cy/ft cylft cylft cy/ft cylft
Nags Head - North 430+00 - 6,500 6.1 34 45 0.8 11.8 9.6 26.6
g 295400 | & . . . . . . X
Nags Head - 495+00 -
Reach 1 790400 29,500 5.1 25 4.2 0.2 2.2 -1.4 14.7
Nags Head - 790+00 -
Reach 2 920400 13,000 6.4 4.7 8.0 -0.3 -7.6 -6.6 515
Nags Head - 920+00 -
Reach 3N 975400 5,500 8.2 3.7 5.9 -10.0 -34.3 -36.6 -30.2
Nags Head - 975+00 -
Reach 3S 1010400 3,500 -20.4 -0.1 -34 -12.7 -41.2 -38.9 -36.5
Nags Head - 1010+00 -
Reach 4 1025400 1,500 -44.9 -2.5 -10.4 -17.9 -36.1 -16.1 -16.5
National Seashore |1025+00 -
North 1200400 17,500 20.0 -24 -0.5 9.2 -26.6 -18.7 -33.3
Transects Eee:;: weighted avg | weighted avg | weighted avg [weighted avg|weighted avg |weighted avg Wegged
Nourished —| 495+00 - |53 1, 2.7 2.9 44 2.3 7.9 9.2 35
Oceanfront 1025+00
Total Monitored | 430+00 -
Oceanfront* 1200400 77,000 6.9 17 3.3 0.6 -10.5 -9.8 -2.9

*National Seashore South Reach not included in the Total Monitored Oceanfront

Table ES-2. Nags Head Cumulative Volume Change Statistics (June 2023 — June
2024)

cumulative cumulative cumulative cumulative cumulative cumulative
June 2023 vs. Transects Reach volume volume change volume volume  |volume change volume
June 2024 Length | change above | above +1.18 ft |change above {change above| above -19 ft |change above
+6 ft NAVD88 NAVD88 6 ft NAVD88 |-14 ft NAVD88 NAVD88 30 ft NAVD88
Reach # ft cy cy cy cy cy cy
430+00 -
Nags Head - North 495400 6,500 20,432 27,027 4,771 70,965 57,395 159,508
Nags Head - 495+00 -
Reach 1 790+00 29,500 74,639 123,358 6,401 64,852 -41,313 433,683
Nags Head - 790+00 -
Reach 2 920400 13,000 61,511 103,820 -3,551 -98,804 -85,912 71,490
Nags Head - 920+00 -
Reach 3N 975400 5,500 21,031 33,981 -57,347 -197,490 -210,239 -173,746
Nags Head - 975+00 -
Reach 3S 1010+00 3,500 -350 -11,880 -44,415 -144,269 -136,136 -127,669
Nags Head - 1010+00 -
Reach 4 1025400 1,500 -4,288 -18,134 -31,341 -63,252 -28,187 -28,798
National Seashore -|1025+00 -
North 1200+00 17,500 -42,262 -8,788 161,561 -465,228 -326,727 -582,524
Transects Reach total total total total total total
Length
Nourished 495+00 -
53,000 g - .
Oceanfront 1025400 152,543 231,146 130,252 438,963 501,787 174,960
Total Monitored | 430+00 -
Oceanfront* 1200+00 77,000 130,713 249,384 36,080 -833,226 -771,119 -248,056
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During the June 2023 - June 2024 monitoring period, Reach 3S and Reach 4 experienced
significant shoreline recession, eroding much of the recreational beach. This erosion
allowed waves to reach the dunes, resulting in dune scarping especially in Reach 4. The
remaining reaches showed slight seaward advancement as material from nearshore was
deposited to the beachface.

The Nags Head Oceanfront experienced material gains along the subaerial portions of the
profiles (+6 ft NAVD88 and MHW). This was mainly due to nearshore material being
deposited on the beachface. However, below MHW, volume losses occurred across all
analyzed elevations, except above -30 ft NAVD88, where gains were only observed in
Reaches 1 and 2. The most significant volume loss was recorded above -19 ft NAVDS88 (-
501,787 cy or -9.2 cy/ft), exceeding the historical background erosion rate (-6.7 cy/ft). This
elevated loss can be attributed to the active 2023-2024 storm season, which brought 17
events with significant wave heights exceeding 8 ft. The frequent storm activity likely
prevented the offshore-deposited material from returning to the beach, instead pushing it
further offshore to lower elevations. Additionally, material gains at the Town boundaries
in the prior monitoring period (June 2022 — June 2023) were attributed to sediment moving
south from northern nourishment projects. The ongoing volume losses above -30 ft
NAVDB88 suggest that sediment may have been transported further south toward Oregon
Inlet, moving out of the Town’s system.

The Total Monitored Oceanfront, which includes both the Nags Head North and National
Seashore-North reaches flanking the Nourished Oceanfront, exhibited a similar trend of
material gains at subaerial elevations and losses below MHW. While the Nags Head North
reach showed material gains across all analyzed elevations, the National Seashore-North
reach experienced material losses above all analyzed elevations, similar to the adjacent
areas in the Nourished Oceanfront.

During the June 2023 to June 2024 monitoring period, dune growth continued across Reach
1, Reach 2, and Reach 3N, with the most significant growth occurring in Reach 2, which
saw an increase of + 65,511 cy (+4.7 cy/ft). In contrast, Reach 3S and Reach 4 experienced
dune scarping and shoreline recession. This was particularly significant in Reach 4, where
-4,288 cy (-2.5 cy/ft) of material was lost above +6 ft NAVD88.

The Town adopted a Multi-Decadal Beach Nourishment Master Plan (Master Plan) in July
2024. This Master Plan included development of volumetric triggers for beach
nourishment, based on the profile volume from the landward crest of the primary dune to
the outer bar, above the -19 ft NAVDS88 elevation. This sand volume was modeled to
provide a Level of Protection (LoP) from a 25-year storm. Figure ES-4 presents the
historical and current status of the average profile volumes per reach compared to the
volumetric triggers (continuous red and black dashed lines).
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All management reaches currently contain average profile volumes above the nourishment
triggers, however, there have been localized erosion hotspots observed along the Town’s
shoreline in the summer of 2024. To more closely examine the current status of the beach,
the profile volumes from all transects as of June — July 2024 are presented in Figure ES-
5. Localized segments of Reaches 3 and 4 have profiles below the trigger volumes (red
arrows), and additional localized segments of Reaches 1 and 2 are close to the triggers
(yellow arrows).
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Figure ES-5. 2024 Beach Profile Volumes and Master Plan Trigger Volume
Comparison. Red arrows indicate locations that are below the trigger volumes and
yellow areas indicate areas that are close to the trigger volumes.

Additionally, there have been losses of the recreational dry beach as measured by the
distance from the MHW line to the +6 ft NAVD88 elevation throughout the Town. Loss
of the dry beach increases the likelihood that the dunes will be further impacted by high
water level and wave events. Given these results, the Town may consider accelerating the
timeline for the next beach nourishment project, currently planned for Summer 2027.
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1.0 OBJECTIVE

The Town of Nags Head Beach Monitoring and Maintenance Plan is sponsored by the
Town of Nags Head (Town) as a continuation of the 2011 monitoring program initiated for
assessing beach conditions. The primary purpose of the program is to assess current and
historical shoreline conditions, determine shoreline and volumetric changes and evaluate
the performance of beach nourishment and other restoration efforts. Evaluating and
documenting these changes consistently over successive years provides information
necessary to plan for future beach nourishments and to support development of the Town’s
multi-decadal Beach Nourishment Master Plan.

The latest annual summer survey took place in June 2024 and was carried out by McKim
& Creed. Furthermore, a fall survey, prompted by observed scarping along the Town’s
beachfront, was conducted by McKim & Creed in October 2023. This report outlines the
data sources, methodologies, and findings of a survey evaluation conducted by Moffatt &
Nichol. The evaluation compares the June 2024 survey to the data from October 2023 and
June 2023 surveys.
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20 SUMMARY OF PREVIOUS WORK

Moftatt & Nichol began preparing the Town’s annual beach and nearshore monitoring
evaluations in 2020. At that time, Moffatt & Nichol reviewed previous beach monitoring
studies performed by Coastal Science & Engineering Inc. (CSE) between 2010 and 2018
to gain an understanding of previous survey methods, associated coastal analysis, and
observed trends. Shoreline and volume change data for each year was compared to an
initial survey performed in 2010, taken before the 2011 beach nourishment project
providing for some long-term analysis. Figure 2-1 presents the extents of each of the
monitoring shoreline reaches. It should be noted that the monitoring Reach 1 begins from
Station 495+00 while the 2011 construction reach began from 497+00. Table 2-1 shows
the long-term volume changes from previous studies over the various reaches of shoreline.

u-%b

By

+00 |
101022 Reach 4

05 0 Wikes

Figure 2-1: Prior Established Monitoring Reaches
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Table 2-1. Long-term Volume Change (Previous Studies: 2010-2018)
Nov2010- | Nov2010- | Nov2010- | Nov2010- | Nov2010- |Nov2010-Nov2010-|Nov2010-[Nov2010-
Nov2011 Jun 2012 Nov 2012 Jun 2013 Jun 2014 | Jun 2015 | Jun 2016 | July2017 | May 2018
cy cy cy cy cy cy cy cy cy
Reach 1 (495-790) | 135,789 | 213,713 | 124,589 | 344,963 | 456,407 | 466,904 | 505,144 | 551,781 | 526,825
Dune to +6 | _Reach2(790-920) | 117,999 | 164,846 | 145705 | 254,009 | 287,513 | 281663 | 302,382 | 328,262 | 293,650
ft NAVDSg |Reach3(920-1010) | 85345 100,273 | 144,338 | 243,163 | 221,848 | 211,574 | 221,481 | 237,733 | 227,253
Reach 4 (1010-1025)| 10,824 17,767 13,678 26,771 35,216 18,915 [ 5,486 9,292 2,746
Project Oceanfront [ 349,957 | 496,599 | 428,310 [ 868,906 [ 1,000,984 | 979,056 [1,034,493]1,127,068]1,050,474
Reach 1 (495-790) | 1,138,026 | 1,032,425 | 1,014,648 | 1,219,411 | 1,085,981 |1,079,356|1,086,961|1,194,858| 985,588
Dune to -6 ft|_Reach 2 (790-920) | 967,742 | 902,188 | 883,008 | 1,002,007 | 844,702 | 809,453 | 783,717 | 721,915 | 599,858
NAVDgg | Reach3(920-1010) | 1,026,681 | 904,870 | 789,190 | 823,748 | 669,903 | 658,157 | 579,130 | 604,978 | 420,428
Reach 4 (1010-1025)| 110,880 | 118,284 93,392 90,268 77,033 31,752 | 29,024 | 22,168 | -14,344
Project Oceanfront | 3,243,329 | 2,957,767 [ 2,780,238 | 3,135,434 | 2,677,619 [2,578,718]2,478,832]2,543,919]1,991,530
Reach 1 (495-790) | 1,700,982 | 2,101,133 | 1,713,410 | 1,911,609 | 1,908,360 |1,790,705|2,088,642|1,699,296 1,053,383
bune o .19 | -Reach 2 (790-920) | 1,297,082 | 1,373,586 | 1,141,685 | 1,292,308 | 1,346,691 |1.268,412|1,305,026| 888,118 | 573,200
f NAVDSS |Reach3(920-1010) | 1,281,379 | 1,296,493 | 1,003,944 | 1,137,586 | 1,025,817 | 799,182 | 760,191 | 408,100 | 157,253
Reach 4 (1010-1025)| 173,344 | 207,830 | 176,447 137,614 | 114,850 | 61,492 | 16,051 | -59,743 | -114,154
Project Oceanfront | 4,452,787 | 4,979,042 | 4,035,486 | 4,479,207 | 4,395,718 [3,919,791[4,169,910]2,935,771[1,669,682
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3.0 SURVEY PROCEDURES AND DATA PROCESSING

3.1 Survey Transects and Reaches

The present monitoring survey and evaluation continue to use the existing transect lines
and origins established by CSE in monitoring periods prior to 2020. Additional monitoring
transects were added in 2020 as recommended by Moffatt & Nichol to better understand
sand movement and trends at hotspots and along the National Seashore shoreline south of
the Town limits. McKim & Creed conducted the summer 2024 survey in June 2024,
including both the additional transects and the previously established transect lines. Figure
3-1 shows the location of the original and additional survey lines and origins applied by
McKim & Creed and Moffatt & Nichol. Figure 3-2 shows the survey lines used in the fall
monitoring survey. As shown, survey transect lines were stationed from north to south
along Nags Head. A summary of streets/landmarks present at the start and end of each
reach are provided in Table 3-1.

Table 3-1. Reach Start and End Points

Reach Stations | Length (ft) Start Point End Point
“g?tshHead ) 44'139051%% 6,500 E 8" Street Bonnett Street
Reach 1 A;%%:%% 29,500 Bonnett Street Governor Street
Reach 2 ?2%1%% 13,000 Governor Street James Street
Reach 3 - North %27%:%% 5,500 James Street Limulus Drive
Reach 3 - South %fg_?go 3,500 Limulus Drive Loon Court
Reach 4 11%12%1%% 2,000 Loon Court Sh%?;ig?:rln;ac:ge”
National 1025+00- 17 250 National Park North of Oregon
Sea_shore - North | 1200+00 ' Shore “ramp one” | Inlet Campground
Seashore - South | 120000 | %% | et Campgroung | O'900 Ikt
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Figure 3-1. Nags Head Annual Monitoring Profile Line Locations
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Aerial Imagery: NAIP 2016
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Figure 3-2. Nags Head Fall Monitoring Profile Line Locations




Town of Nags Head M&N Project No. 10979-17
Beach Monitoring and Maintenance Plan Final Report
2024 Annual Monitoring Survey Evaluation Page 7 of 70

3.2 Survey Data Acquisition

To enable a reproducible and consistent result for the monitoring analysis, the survey
events for each shoreline segment are assigned a single date for their completion. Assigning
the survey date allows the determination of a consistent timeframe for each monitoring
period between survey events for use in calculating shoreline and volumetric change rates.
Surveys referenced during the current monitoring analysis include:

2024 Annual Survey

The most recent annual survey data was collected by McKim & Creed between June 18
and July 31, 2024. The crew initially demobilized on June 26 due to a lack of permission
to survey within the Cape Hatteras National Seashore. After obtaining the necessary
permit, they resumed work on July 29 and completed surveys for the 32 lines within the
park, along with re-surveying an additional 7 lines (Reach 4) at the request of the Town of
Nags Head by July 31. The date used for the 2024 Nags Head profiles in this report is June
26, 2024, as the majority of the surveys within the town's boundaries were finished by then
(see Appendix A for details).

2023 Fall Survey
The present fall survey was conducted from October 17-19. The date used for the 2023 Fall
survey is October 19, 2023, when the surveying was completed.

2023 Annual Survey

The previous set of annual survey data was collected by McKim & Creed on June 11-July
1. The date used for the 2023 Nags Head profiles for this report is June 30, 2023, when the
majority of the surveying was completed.

2022 Post-Dorian Renourishment Project Pre and Post Construction Surveys

The Post-Dorian beach nourishment project was completed between July 2022 and August
2022. During the project, pre- and post-nourishment profiles were surveyed at 100 ft
spacing, immediately before and after filling by Gahagan & Bryant Associates. VVolume
placed during the renourishment effort was determined using these surveys.

2019 Pre — Nourishment Survey
Before the 2019 Beach Nourishment Project, CSE conducted a pre-nourishment survey in
April 2019. The date used for the 2019 Nags Head profiles for this report is April 8, 2019.

McKim & Creed provided the processed survey data to Moffatt & Nichol in ASCII (xyz),
Excel (xyz), BMAP (free format), and GIS (shapefile, grid) formats allowing for
compatibility with multiple programs. The data referenced the horizontal North American
Datum 1983 (NAD83) State Plane North Carolina (U.S. survey feet) and elevations were
provided in feet relative to the North American Vertical Datum of 1988 (NAVD88). A
copy of the survey data files is included on the attached USB also containing an electronic
copy of the report.
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Appendix A contains the McKim & Creed 2024 Field Report which discusses, in detail,
the singlebeam (bathymetric) and topographic data acquisition. The field report also

provides the associated equipment and quality control procedures (QA/QC) utilized in the
data collection and processing tasks.
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4.0 SURVEY EVALUATION METHODS

4.1 Shoreline Change

Shoreline change designated at the MHW contour, defined as +1.18 ft NAVD88, was
calculated at each transect between the June 2023 and June 2024 surveys as well as between
the October 2023 and June 2024 surveys. The MHW elevation is based on a National
Oceanic and Atmospheric Administration (NOAA) tidal benchmark at Duck, NC shown
in Figure 4-1. The resulting values represent the shoreline change (ft) over the time
between surveys.

Datums for 8651370, Duck, NC
All figures in feet relative to NAVD88

21

@MHHW: 1.5

5 il
MHW: 1.184 DHQ: 0.32

oNAVDSS: 0

Figure 4-1. Tidal Datum for Duck, NC Station 8651370

4.2 Volume Change

Representative volume changes were calculated at each transect between the June 2023
and June 2024 surveys as well as between the October 2023 and June 2024 surveys.
Volume changes were calculated for six different elevation extents to better understand the
processes occurring onshore and offshore of Nags Head. Calculations included volume
change above the following elevations:

above +6 ft NAVD88 (berm),

above +1.18 ft NAVD88 (MHW),

above -6 ft NAVD88 (wading depth/recreational beach),
above -14 ft NAVDA88 (outer bar),



Town of Nags Head M&N Project No. 10979-17
Beach Monitoring and Maintenance Plan Final Report
2024 Annual Monitoring Survey Evaluation Page 10 of 70

e above -19 ft NAVDA88 (depth of closure), and
e above -30 ft NAVDSS.

For those profiles which did not extend to -30 ft NAVD88, volume calculations were
performed above -30 ft NAVDS88 out to the extent of the shortest survey. Figure 4-2
presents a graphical display of the various elevations for which volume change calculations
were made.

As with the shoreline change, the results represent volume change (cy/ft) over the period
of time between surveys. In addition, the volume changes were converted to cumulative
changes over each of the management reaches and for the entire shoreline. This was done
by applying the average end area method to the unit volume changes (cy/ft) computed at
each transect and summing the total volume changes between each neighboring pair of
transects. The resulting value indicated the total loss or gain of material between survey
periods based on the applicable profile extents.

It should be noted that the uncertainty in the hydrographic portion of the survey can result
in a significant volumetric change in offshore areas where the slope of the seafloor declines
gradually. If an uncertainty of £0.11 ft is applied along the portion of the profile between
the seaward side of the depth of closure (approximately 2,050 ft offshore) and a depth of
-30 ft NAVD88 (approximately 2,950 ft offshore) along all 77,000 ft of oceanfront
shoreling, this lends itself to an uncertainty of approximately £282,300 cy. For this reason,
more attention is given to the volume change calculations at -19 ft NAVD88 and above.

The profile volume calculation lenses (see Figure 4-2) were strategically chosen to help
understand and track the movement of sand onshore and offshore. VVolume changes calculated
for portions of the profiles above +6 ft NAVD88 and above MHW are representative of
changes in the amount of material in the dune system and on the subaerial beach. These
areas of the profile are highly influenced by storm activity, and they are both very
significant in the ability of the beach and dune to mitigate storm surge and wave impacts
on landward structures and infrastructure. Volume comparisons for portions of the profiles
above -6 ft NAVD88, an approximate wading depth, represent changes in the recreational
beach area. VVolume comparisons above -14 ft NAVD88 help to track sand movement to
and from the outer sand bar and are valuable in decision making for future beach
nourishment projects. VVolume comparisons above -19 ft NAVDS88 provide general
estimates of the total volumetric change along the respective profile out to the depth of closure.
Finally, volume comparisons above -30 ft NAVD88 allow the complete tracking of sand
movement offshore. However, hydrographic survey measurement accuracy may impact
these calculations. This is a proven, comprehensive way to assess the impact of storm
activity on the subaerial beach and dune system as well as track the movement of sand
offshore and quantify total gains and losses in the entire system.
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Profile Volume Analysis - Profile Calculation Lenses
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Figure 4-2. Profile Volume Calculation Lenses
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5.0 DISCUSSION OF ANNUAL SURVEYING EVALUATION

This section covers significant events over the past year that have impacted the annual
analysis, such as nourishment projects and storms. It also addresses the development of
background erosion rates, trends in annual shoreline and volume changes (June 2023 —
June 2024), insights into shoreline and volume changes from fall 2023 to summer 2024
(October 2023 — June 2024), and an analysis of long-term trends from 2011 to 2024.

5.1 Key Events During the Reporting Period

Beach changes are greatly influenced by natural and engineered processes. This section
describes key events that occurred during the reporting period that likely had an impact on
shoreline change as well as profile volume gains and losses.

5.1.1 Sand Placement Events

No sand placement events took place during the observation period. The most recent beach
nourishment project, 2022 Post-Dorian Project commenced on July 22, 2022, right at the
onset of the 2022 - 2023 monitoring period, and was successfully completed by August 29,
2022. During the project a total of 614,106 cy of material was placed along the four reaches
of Nags Head. The specific placement volumes are presented in Table 5-1.

Table 5-1. Project Volume Summary

Reach Length | Final Volume (cy) | Final Density (cy/ft)

Reach 2 13,000 179,355 13.8
Reach 3N | 5,500 142,137 25.8
Reach 3S 3,500 198,441 56.7

Reach 4 2,000 94,173 47.1

Total 24,000 614,106
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5.1.2 Wave Climate and Storm Events

Wave data from the National Data Buoy Center (NDBC) Station 44056 (USACE Field
Research Facility (FRF)), located approximately 15 miles north of the Town, was
downloaded for July 2023 through July 2024. The wave data was then plotted to analyze
wave activity which may have impacted the Town. Figure 5-1 shows the location of the
buoy while Figure 5-2 presents a plot of the wave heights during the reporting period.
During the observation period, the station 44056 buoy was unmoored from December 18,
2023, to January 5, 2024. To assess the wave climate during this time, data from station
44100 (offshore of station 44056) is also presented in Figure 5-2.

Station 44100
* Station 44056
k]
<\ &

Figure 5-1. USACE FRF Buoy Locations
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Figure 5-2. USACE FRF Station 44056 Wave Height

The data highlights an active wave climate throughout the monitoring period. In the
fall/winter season of 2023 (September — December 2023), 10 wave events exceeded 8 ft,
with the highest recorded during Tropical Storm Ophelia (18.1 ft) and a December
Nor’easter (20.0 ft). In the winter storm season (January — May 2024), seven events
occurred with wave heights between 8 ft and 12.5 ft. Notably, a winter storm starting on
March 23, 2024, lasted about 70 hours, creating prolonged erosion conditions that
prevented recovery of offshore material. The active storm season between the summer
2023 and summer 2024 surveys likely contributed to higher erosion rates than the average
annual background rates.

Figure 5-3 and Figure 5-4 depict the directional wave roses for the annual monitoring
period and the period from January 1997 to July 2024, respectively. Statistical analysis
reveals that for both time spans, prevailing waves originate from east-northeast to east-
southeast directions. The percentage of waves coming from east-northeast has slightly
increased (~3%) in this monitoring period while the percentages for the other two dominant
directions (east, east-southeast) remained the same.
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Period 01-Jul-2023 to 31-Jul-2024
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Figure 5-3. Station 44056 Significant Wave Height Rose from July 2023 — July 2024
Period 01-Jan-1997 to 31-Jul-2024

-110
s - 10
17-8
Hs-7
Hs-s
B:-5
-«
< P M:-:
- T W -2

Direction FROM 15 shown

Center value indicates caims below 111
Total abservations 314667, calms 2396
About 23% of abservations missing

Figure 5-4. Station 44056 Significant Wave Height Rose from January 1997 — July
2024
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5.2 Determination of Background Erosion Rates for Town of Nags Head (2011 —
2024)

To develop long-term trends in volume losses/gains, it is important to determine
background erosion rates which do not include the volume gains from nourishment events.
Since the establishment of the beach monitoring program immediately after the
construction of the 2011 beach nourishment project, the Nags Head oceanfront has
undergone one beach nourishment project in 2019 and another one in 2022.

Table 5-2 shows the nourishment volume placed at each reach within the monitoring
program since the 2011 nourishment project.

Table 5-2. Nourishment Volumes Post-2011 by Management Reach

Nourishment | Nourishment Total
Reach Volume 2019 | Volume 2022 Nourishment
(cy) (cy) Volume (cy)
Nags Head - North 0 0 0
Nags Head - Reach 1 1,762,213 0 1,762,213
Nags Head - Reach 2 885,587 179,355 1,064,942
Nags Head - Reach 3N 576,703 142,137 718,840
Nags Head - Reach 3S 540,833 198,441 739,274
Nags Head - Reach 4 239,298 94,173 333,471
National Seashore - North 0 0 0
Total 4,004,634 614,106 4,618,740

Historical volume changes above -19 ft NAVD88 were documented from 2011 through
2024. Table 5-3 shows the computed volume change (including nourishments) above -19
ft NAVD88 from 2011-2024 for the defined monitoring reaches.

Table 5-3. Volume Change by Reach Above -19 ft NAVD88

Volume Volume Volume Volume Volume Volume Volume Volume Volume Volume Volume Volume Volume
Reach Change (cy) [ Change (cy) | Change (cy) | Change (cy) | Change (cy) | Change (cy) | Change (cy) | Change (cy) | Change (cy) | Change (cy) | Change (cy) | Change (cy) | Change (cy)
20112012 | 2012-2013 | 2013-2014 | 2014-2015 | 2015-2016 | 2016-2017 | 2017-2018 | 2018-2019 | 2019-2020 | 2020-2021 | 2021-2022 | 2022-2023 | 2023-2024
Nags Head - North
Ur00 . 495+00) 12512 459 61,097 42,855 21,464 107,963 76,609 273 14,451 82,466 9,240 156,991 57,395
Iz (oo (Rl 199722 | -210,804 16,718 110558 | 294941 | -418152 | -644,783 | 1441871 | 253,604 205765 | -210748 | 259165 | -41313
(495+00 - 790+00)
Nags Head ‘gigf‘;gz (790+00) 11715 | 195136 54,157 -81,138 33,499 429523 | 328626 | 696,89 156,013 143886 | -206347 | 461067 | -85912
RaasiieadyReccii 85,381 44828 | 13818 | -133,901 15,540 250798 | -168797 | 423513 21457 10,346 150340 | 327,560 | -210,239
(920+00 - 975+00)
Nags Head - Reach 3S
O e D) 32,942 48,873 101,531 89,412 54,799 104,590 84,187 383,465 106,581 60,949 12,855 179,797 136,136
Nags Head - Reach 4
S o SOPATD) 71,930 105,463 14,079 33,271 42,050 57,636 31,569 136,047 42,197 11,624 8,292 54,562 28,187
National Seashore - North
(109500 - 1900+00) 107,833 | -235944 | 153705 | -442,192 3,220 470,987 | 520298 | -181579 -93,041 610,231 284,283 | 500960 | -326,727
IR e QR OL 441,306 705,102 58,553 -448,280 247,132 | -1,262,698 | -1,257,961 | 3,081,792 283,196 287,425 597,582 | 1,282,153 | -501,787
(495+00 - 1025+00)
Total Monitored Oceanfront | - g¢) ooy -940,588 33,154 847616 | 228,887 | -1841647 | -1854,868 | 2899940 | 204606 980,122 322539 | 1,940,103 | -771,119
(430+00 - 1200+00)

To calculate the background erosion rate, the documented nourishment volumes were
subtracted from total volume changes above -19 ft NAVD88 between 2012 and 2024 and
annualized over the 11-year time period. It should be noted that changes from 2011 to 2012
were omitted from the background erosion calculations. This exclusion was necessitated
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by the delayed survey date of the 2011 survey and the identification of atypical erosion
trends during this specific observation period. Table 5-4 shows the average annual
background erosion rates for each management reach of the Nags Head oceanfront. The
average background erosion rate for the Town’s Nourished Oceanfront and the Total
Monitored Oceanfront shoreline is approximately -6.7 cy/ft/lyr and -5.3 cy/ft/yr,
respectively. Nags Head Reaches 3N, 3S, and 4 have considerably higher background
erosion rates than the remainder of the oceanfront shoreline, signifying these areas need to
be monitored closely and taken into special consideration during future planning and

nourishment efforts.

Table 5-4. Average Annual Background Erosion Rates (2012 - 2024)

Volume Change

Average Annual

Oceanfront (430+00 -

Reach Lenath Above -19 ft [Nourishment [Background| Background
(Transects) g NAVDS88 (cy) | Volume (cy) | Erosion (cy) | Erosion Rates
2012-2024 (cylftlyr)
Nags Head - North
(430+00 - 495+00) 6,500 77,072 0 77,072 1.0
Nags Head - Reach 1
29,500 835,707 1,762,213 -926,506 -2.6
(495+00 - 790+00) ' ' T '
Nags Head - Reach 2
1 219,737 1,064,942 -845,2 -54
(790+00 - 920+00) 3,000 9,73 ,064,9 845,205 5
Nags Head - Reach 3N
(920+00 - 975+00) 5,500 285,304 718,840 1,004,144 15.2
Nags Head - Reach 3S
(975+00 - 1010+00) 3,500 236,650 739,274 975,924 23.2
Nags Head - Reach 4
1 -183,7 471 -517,22 -28.7
(1010+00 - 1025+00) ,500 83,758 333, 517,229 8
National Nearshore - North
(1030+00 - 1200+00) 17,500 -718,369 0 -718,369 -34
Nourished Oceanfront
49,732 4,618,74 -4,2 -6.7
(495+00 - 1025+00) 53,000 349,73 ,618,740 ,269,008 6
Total Monitored 77000 | -291,564 | 4,618,740 | -4,910,304 5.3
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5.3 Nags Head Annual Shoreline and Volume Change Analysis (June 2023 — June
2024)

This section discusses the results of the shoreline and volume change analysis for the
defined monitoring reaches along Nags Head (see Figure 3-1). Key statistics were
calculated to quantify average shoreline and volume changes for individual monitoring
reaches as well as the entire oceanfront shoreline for Nags Head. The computed statistics
include average shoreline change, average unit volume change, and cumulative volume
change (e.g. total volume of material lost or gained along a section of shoreline).
Evaluation of the computed statistics considers volume changes computed for portions of
the profile above the berm (+6 ft NAVD88), above MHW (+1.18 ft NAVD88), above -6 ft
NAVDS88, above -14 ft NAVD88, above -19 ft NAVD88, and above -30 ft NAVDS88 to
better understand onshore and offshore processes.

Appendix B presents profile comparison plots for individual transects. These plots
compare the summer 2023, October 2023 and summer 2024 surveys, alongside the after-
dredge (AD) surveys following the 2022 Post-Dorian Renourishment project. Appendix
C provides the computed shoreline changes and volume changes measured at each transect
between the summer 2023 and the summer 2024 surveys in tabular format.
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5.3.1 Nags Head - North Reach (June 2023 — June 2024)

The Nags Head — North survey reach extends approximately 6,500 ft between E 8™ Street
and Bonnett Street, containing 13 survey transects (Station 430+00 — 495+00) at
approximately 1000 ft spacing (see Figure 3-1). As a reminder, six transects were added
to this reach during the 2020 surveying effort, creating 500 ft spacing for the whole reach.
A summary of average shoreline and volume changes between June 2023 and June 2024
for Nags Head — North in comparison with the Total Monitored Oceanfront is presented in
Table 5-5 and Table 5-6.

Table 5-5. Average Shoreline and Average Unit Volume Change for Nags Head —
North Reach (June 2023 — June 2024)

avg shoreline avg volume avg volume | avg volume | avg volume | avg volume |avg volume
June 2023 vs. Transects Reach| change @ change above change above| change change change change
June 2024 Length +1.18 ft +6 ft NAVDSS +1.18ft above -6 ft | above -14 ft | above -19 ft |above -30 ft
NAVD88 NAVD88 NAVD88 NAVD88 NAVD88 NAVD88
Reach # ft ft cyl/ft cyl/ft cy/ft cyl/ft cy/ft cyl/ft
Nags Head - North 430+00 - 6,500 6.1 34 4.5 0.8 11.8 9.6 26.6
495+00 ’
Total Monitored | 430+00 -
Oceanfront 1200400 77,000 6.9 17 33 0.6 -10.5 -9.8 -2.9

Table 5-6. Cumulative Volume Change for Nags Head — North Reach (June 2023 —
June 2024)

cumulative cumulative cumulative cumulative cumulative cumulative
June 2023 vs. Transects Reach volume volume change volume volume  |volume change volume
June 2024 Length | change above above change above {change above| above -19 ft [change above
+6 ft NAVD88 |+1.18 ft NAVD88| 6 ft NAVD88 (-14 ft NAVD88 NAVD88 30 ft NAVD88
Reach # ft cy cy cy cy cy cy
430+00 -
Nags Head - North 495+00 6,500 20,432 27,027 4,771 70,965 57,395 159,508
Total Monitored | 430+00 -
Oceanfront 1200400 77,000 130,713 249,384 36,080 -833,226 -771,119 -248,056

Table 5-5 indicates that North Reach experienced a slight seaward advancement of the
shoreline at MHW over the past year. Figure 5-5 presents the shoreline changes at each
transect, indicating widely varying shoreline movement patterns within the reach.

Table 5-5 and Table 5-6 show that the Nags Head — North reach experienced volume gains
across all analyzed elevations. The largest gains were observed above -30 ft NAVD88
(+159,508 cy or +26.6 cy/ft) and above -14 ft NAVD88 (+70,965 cy or +9.6 cy/ft). Unlike
other areas of the monitored oceanfront, which experienced erosion, this reach saw sand
accumulation, likely due to alongshore sediment transport from adjacent areas.

Figure 5-6 illustrates the unit volume change at each transect, with most transects showing
gains. Profile plots in Appendix B further display the onshore movement of the offshore
sandbar, and Figure 5-7 presents an example of this offshore bar adjustment.
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Figure 5-5. Nags Head — North Shoreline Change (June 2023 — June 2024)
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Figure 5-7. Example Nags Head — North Profile, Station 450+00 (E. Albatross St.)
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5.3.2 Nags Head - Reach 1 (June 2023 — June 2024)

The Nags Head — Reach 1 survey reach extends approximately 29,500 ft between Bonnett
Street and Governor Street, containing 59 survey transects (Station 495+00 — 790+00), at
500 ft spacing (see Figure 3-1). A summary of average shoreline and volume changes
between June 2023 and June 2024 for Reach 1 in comparison with the Total Monitored
Oceanfront is presented in Table 5-7 and Table 5-8. Additionally, Reach 1 was surveyed
in October 2023 due to observed scarping. The volume and shoreline changes between the
October 2023 survey and the June 2024 survey are detailed in Table 5-9 and Table 5-10.

Table 5-7. Average Shoreline and Average Unit Volume Change for Reach 1 (June
2023 — June 2024)

avg shoreline avg volume | 39 volume | avg volume | avg volume | avg volume |avg volume
June 2023 vs. Transects Reach| change @ chag o above change above| change change change change
June 2024 Length +1.18 ft +6 ftgl]\lAVDSS +1.18ft above -6 ft | above -14 ft | above -19 ft |above -30 ft
NAVD88 NAVD88 NAVD88 NAVD88 NAVD88 NAVD88
Reach # ft ft cyl/ft cylft cylft cyl/ft cylft cyl/ft
Nags Head - 495+00 -
Reach 1 790+00 29,500 51 25 4.2 0.2 2.2 -14 14.7
Total Monitored | 430+00 -

Oceanfront 1200400 | 77000 6.9 1.7 33 0.6 -10.5 9.8 2.9

Table 5-8. Cumulative Volume Change for Reach 1 (June 2023 — June 2024)
cumulative cumulative cumulative cumulative cumulative cumulative
June 2023 vs. Transects Reach volume volume change volume volume  |volume change volume
June 2024 Length | change above | above +1.18 ft |change above {change above| above -19 ft |change above
+6 ft NAVD88 NAVD88 6 ft NAVD88 [-14 ft NAVD88 NAVD88 30 ft NAVD88
Reach # ft cy cy cy cy cy cy

Nags Head - 495+00 -

Reach 1 790+00 29,500 74,639 123,358 6,401 64,852 -41,313 433,683
Total Monitored | 430+00 -

Oceanfront 1200+00 77,000 130,713 249,384 36,080 -833,226 -771,119 -248,056
Table 5-9. Average Shoreline and Average Unit Volume Change for Reach 1
(October 2023 — June 2024)

October 2023 vs. avg shoreline avg volume avg volume | avg volume | avg volume | avg volume | avg volume

June 2024 Transects Reach| change @ chag e above change above| change change change change

tal Ch Length +1.18 ft +6 ftEIJ\JAVD88 +1.18 ft above -6 ft | above -14 ft | above -19 ft | above -30 ft
(Total Change) NAVDSS NAVDSS | NAVDSS | NAVDSS | NAVDSS | NAVDSS
Reach # ft ft cylft cylft cylft cy/ft cylft cylft

Nags Head - 495+00 -

Reach 1 790+00 29,500 9.6 2.9 6.8 -5.8 -5.8 -12.1 2.9
Nourished 495+00 -
Oceanfront 1025+00 53,000 10.2 25 6.6 -8.1 -14.5 -17.5 -4.7

Table 5-10. Cumulative Volume Change for Reach 1 (October 2023 — June 2024)

lati lati cumulative | cumulative | cumulative | cumulative
October 2023 vs. cumulative cumulative volume volume volume volume
Reach volume volume change
June 2024 Transects change change change change
Length | change above | above +1.18 ft
(Total Change) +6 ft NAVDSS NAVDSS above -6 ft | above -14 ft | above -19 ft | above -30 ft
NAVD88 NAVD88 NAVD88 NAVD88
Reach # ft cy cy cy cy cy cy
Nags Head - 495+00 -
Reach 1 790+00 29,500 84,643 201,615 -170,628 -170,367 -357,057 86,057
Nourished 430+00 -
Oceanfront 1200400 53,000 131,559 348,496 -427,836 -765,977 -927,406 -251,008
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The annual shoreline change at MHW showed a minor overall seaward advancement of
5.1 ft. Figure 5-8 presents the shoreline changes at each transect from June 2023 to June
2024. The shoreline shift from October 2023 to June 2024 was slightly greater, indicating
partial recovery from the October storms, which had caused material in this reach to be
transported offshore to the nearshore zone. The figure indicates widely varying shoreline
movement patterns within the reach, spanning from -49.0 ft at station 695+00 to +62.9 ft
at station 730+00.

Table 5-7 and Table 5-8 show that Reach 1 experienced volume gains above most
analyzed elevations during the annual monitoring period, except for a loss at -19 ft
NAVDS88 (-41,313 cy or -1.4 cy/ft). This loss was even more pronounced between October
2023 and June 2024, with a volume loss of -357,057 cy (-12.1 cy/ft) above -19 ft NAVD88,
likely due to continued high-energy wave climate pushing material from the nearshore, as
observed in the October 2023 survey, to even lower elevations. Both periods showed
material gains above -30 ft NAVDB88, suggesting that sediment may be shifting to lower
elevations and moving beyond the depth of closure.

During the previous annual monitoring period (June 2022 — June 2023), Reach 1
experienced significant volume losses at Mean High Water (MHW), indicating a
steepening of the beachface as material shifted to the nearshore. However, subsequent
surveys in October 2023 and June 2024 show a reversal of this trend, with both periods
indicating volume gains at subaerial elevations (+6 ft NAVD88 and MHW). Profile plots
in Appendix B reveal that material was deposited on the beachface from lower elevations.
The plots also show that while transects at the northern and southern ends of the reach
showed material losses as the offshore bar migrated further offshore to lower elevations,
transects in the middle of the reach observed offshore bar adjustments, with the bar moving
closer to higher elevations.

Figure 5-9 displays the unit volume change at each transect above the six elevations
analyzed and further illustrate the trends observed in comparison plots. Figure 5-10
presents an example profile from the middle of the reach, showing the offshore bar moving
onshore and expanding. Additionally, Figure 5-11 presents an example profile from south
of the reach where the sand bar moved offshore and lost material.
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Figure 5-8. Nags Head — Reach 1 Shoreline Change (June 2023 — June 2024)
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Figure 5-9. Nags Head — Reach 1 Unit Volume Change (June 2023 — June 2024)
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5.3.3 Nags Head - Reach 2 (June 2023 — June 2024)

The Nags Head — Reach 2 survey reach extends approximately 13,000 ft between Governor
Street and James Street, containing 26 survey transects (Station 790+00 — 920+00), at 500
ft spacing (see Figure 3-1). A summary of average shoreline and volume changes between
June 2023 and June 2024 for Nags Head — Reach 2 in comparison with the Total Monitored
Oceanfront is presented in Table 5-11 and Table 5-12. Reach 2 was also surveyed during
the October 2023 survey; the volume and shoreline changes observed between this fall
survey and June 2024 survey are given in Table 5-13 and Table 5-14.

Table 5-11. Average Shoreline and Average Unit Volume Change for Reach 2 (June
2023 — June 2024)

avg shoreline avg volume | 39 volume | avg volume | avg volume | avg volume |avg volume
June 2023 vs. Transects Reach| change @ chag o above change above| change change change change
June 2024 Length +1.18 ft +6 ftgl]\lAVDSS +1.18ft above -6 ft | above -14 ft | above -19 ft |above -30 ft
NAVD88 NAVD88 NAVD88 NAVD88 NAVD88 NAVD88
Reach # ft ft cyl/ft cylft cylft cyl/ft cylft cyl/ft
Nags Head - 790+00 -
Reach 2 920+00 13,000 6.4 4.7 8.0 -0.3 -7.6 -6.6 55
Total Monitored | 430+00 -
Oceanfront 1200400 77,000 6.9 17 33 0.6 -10.5 -9.8 -2.9

Table 5-12. Cumulative Volume Change for Reach 2 (June 2023 — June 2024)

cumulative cumulative cumulative cumulative cumulative cumulative
June 2023 vs. Transects Reach volume volume change volume volume  |volume change volume
June 2024 Length | change above | above +1.18 ft |change above {change above| above -19 ft |change above
+6 ft NAVD88 NAVD88 6 ft NAVD88 |-14 ft NAVD88 NAVD88 30 ft NAVD88
Reach # ft cy cy cy cy cy cy
Nags Head - 790+00 -
Reach 2 920+00 13,000 61,511 103,820 -3,551 -98,804 -85,912 71,490
Total Monitored | 430+00 -
Oceanfront 1200400 77,000 130,713 249,384 36,080 -833,226 -771,119 -248,056

Table 5-13. Average Shoreline and Average Unit Volume Change for Reach 2
(October 2023 — June 2024)

October 2023 vs. Reach a\éiz:o;el(i;e avg volume c:;g volugne avghvolume avghvolume avghvolume avghvolume
June 2024 Transects 9 change above g€ above|  change change change change
tal Ch Length +1.18 ft +6 ft NAVDSS +1.18 ft above -6 ft | above -14 ft | above -19 ft | above -30 ft
(Total Change) NAVDSS NAVDSS | NAVDSS | NAVDSS | NAVDSS | NAVDSS
Reach # ft ft cylft cylft cylft cy/ft cylft cylft
- + -
Negesagﬁazd 7:;)0 +0f§)0 13000  19.9 42 11.0 75 -14.4 12.7 -16
Nourished 495+00 -
Oceanfront 1025+00 53,000 10.2 25 6.6 -8.1 -14.5 -17.5 -4.7

Table 5-14. Cumulative Volume Change for Reach 2 (October 2023 — June 2024)

cumulative cumulative cumulative | cumulative | cumulative | cumulative
October 2023 vs. volume volume volume volume
Reach volume volume change
June 2024 Transects change change change change
Length | change above | above +1.18 ft
(Total Change) +6 ft NAVDSS NAVDSS above -6 ft | above -14 ft | above -19 ft | above -30 ft
NAVD88 NAVD88 NAVD88 NAVD88
Reach # ft cy cy cy cy cy cy
Nags Head - 790+00 -
Reach 2 920+00 13,000 54,314 143,347 -98,142 -186,887 -164,709 -21,033
Nourished 430+00 -
Oceantront 1200400 53,000 131,559 348,496 -427,836 -765,977 -927,406 -251,008
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Shoreline change at MHW showed an overall minor accretion of +6.4 ft. This showed some
recovery of the recession observed over June 2023 — October 2023 period. Figure 5-12
illustrates the shoreline changes at each transect from June 2023 to June 2024, revealing
that the majority of transects experienced accretion in the north part of the reach while
recession was observed in between 880+00 to 915+00. The seaward advancement observed
can be attributed to the material carried onshore to beachface from lower elevations.

Table 5-11 and Table 5-12 show that during the annual monitoring period, Reach 2
experienced volume gains at the subaerial beach (+6 ft NAVD88 and MHW) and above
-30 ft NAVDS88, but lost material at lower elevations. The most significant volume losses
were observed above -14 ft NAVD88 (-98,804 cubic yards or -7.6 cy/ft) and above -19 ft
NAVDS88 (-85,912 cubic yards or -6.6 cy/ft). The volume gain above -30 ft NAVD88
suggests that material lost from higher elevations has shifted offshore.

Similar to Reach 1, Reach 2 experienced increased volume losses between October 2023
and June 2024, particularly above -14 ft NAVD88 and -19 ft NAVD88. This is likely due
to persistent high-energy wave events, which have hindered the typical recovery of material
during the spring-summer months. Figure 5-13 displays the unit volume change at each
transect above the six elevations analyzed. As can be seen, almost all transects experienced
volume losses below MHW.

Profile plots in Appendix B reveal multiple instances of material deposition on the
beachface, contributing to berm growth. At the same time, troughs have formed between
-10 ft NAVDS88 and -20 ft NAVDS8S8, indicating material shifting offshore to lower
elevations. Figure 5-14 presents an example profile showing these trends.
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Figure 5-12. Nags Head — Reach 2 Shoreline Change (June 2023 — June 2024)
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5.3.4 Nags Head - Reach 3 - North (June 2023 - June 2024)

The Nags Head — Reach 3 - North survey reach extends approximately 5,500 ft between
James Street and Limulus Drive, containing 22 survey transects (Station 920+00 —
975+00), at 500 ft spacing (see Figure 3-1). A summary of average shoreline and volume
changes between June 2023 and June 2024 for Nags Head — Reach 3 - North in comparison
with the Total Monitored Oceanfront is presented in Table 5-15 and Table 5-16.

Additionally, Table 5-27 and Table 5-28 summarizes the shoreline and volume changes
between October 2023 and June 2024.

Table 5-15. Average Shoreline and Average Unit Volume Change for Reach 3 -
North (June 2023 — June 2024)

avg shoreline avg volume | 39 volume | avg volume | avg volume | avg volume |avg volume
June 2023 vs. Transects Reach| change @ chag o above change above| change change change change
June 2024 Length +1.18 ft +6 ftgl]\lAVDSS +1.18ft above -6 ft | above -14 ft | above -19 ft |above -30 ft
NAVD88 NAVD88 NAVD88 NAVD88 NAVD88 NAVD88
Reach # ft ft cyl/ft cylft cylft cyl/ft cylft cyl/ft
Nags Head - 920+00 -
Reach 3 - North 975+00 5,500 8.2 3.7 5.9 -10.0 -34.3 -36.6 -30.2
Total Monitored | 430+00 -
Oceanfront 1200400 77,000 6.9 17 33 0.6 -10.5 -9.8 -2.9

Table 5-16. Cumulative Volume Change for Reach 3 - North (June 2023 — June
2024)

cumulative cumulative cumulative cumulative cumulative cumulative
June 2023 vs. Transects Reach volume volume change volume volume volume change volume
June 2024 Length | change above | above +1.18 ft |change above {change above| above -19 ft [change above
+6 ft NAVD88 NAVD88 6 ft NAVD88 (-14 ft NAVD88 NAVD88 30 ft NAVD88
Reach # ft cy cy cy cy cy cy
Nags Head - 920+00 -
Reach 3 - North 975400 5,500 21,031 33,981 -57,347 -197,490 -210,239 -173,746
Total Monitored | 430+00 - |77 55| 139713 249,384 36,080 -833,226 771,119 -248,056
Oceanfront 1200+00

Table 5-17. Average Shoreline and Average Unit Volume Change for Reach 3 -
North (October 2023 — June 2024)

October 2023 vs. avg shoreline avg volume | &9 volume | avg volume | avg volume | avg volume | avg volume
June 2024 Transects Reach| change @ chag e above change above| change change change change
Total Ch Length +1.18 ft +6 ftgll\lAVD88 +1.18 ft above -6 ft | above -14 ft | above -19 ft | above -30 ft
(Total Change) NAVDSS NAVDSS | NAVDSS | NAVDSS | NAVDSS | NAVDSS
Reach # ft ft cylft cylft cylft cylft cylft cylft
Nags Head - 920+00 -
Reach 3 - North 975+00 5,500 23.0 1.7 7.3 -10.6 -35.2 -38.3 -23.9
Nourished 495+00 -
Oceanfront 1025+00 53,000 10.2 25 6.6 -8.1 -145 -175 -4.7

Table 5-18. Cumulative Volume Change for Reach 3 - North (October 2023 — June
2024)

lati Jati cumulative | cumulative | cumulative | cumulative
October 2023 vs. Reach cumlu ative Icumu 6;1“/6 volume volume volume volume
June 2024 Transects| " caC volume volume change change change change change
Length | change above | above +1.18 ft
(Total Change) +6 ft NAVDSS NAVDSS above -6 ft | above -14 ft | above -19 ft | above -30 ft
NAVD88 NAVD88 NAVD88 NAVD88
Reach # ft cy cy cy cy cy cy
Nags Head - 920+00 -
Reach 3 - North 975400 5,500 9,142 39,897 -58,243 -193,529 -210,619 -131,518
Nourished 430+00 -
Oceanfront 1200400 53,000 131,559 348,496 -427,836 -765,977 -927,406 -251,008
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Reach 3 - North experienced recession between June 2023 and October 2023, but recovered
between October 2023 and June 2024, with material being deposited above MHW. This
led to an overall annual seaward advancement of +8.2 ft. Figure 5-15 shows the shoreline
changes at each transect from June 2023 to June 2024, with accretion primarily occurring
at the northern transects of the reach.

Table 5-15 and Table 5-16 indicate that during the annual monitoring period, Reach 3 -
North experienced overall volume loss at elevations below MHW. The most significant
volume losses occurred above -14 ft NAVD88 (-197,490 cy or -34.3 cy/ft) and above -19
ft NAVD88 (-210,239 cy or -36.6 cy/ft). These losses are consistent with the erosion
observed between October 2023 and June 2024, suggesting that most of the erosion
happened during this period. Volume losses above -30 ft NAVD88 suggest that some
material may have been transported offshore or to adjacent reaches, as longshore transport
rates in this area tend to accelerate compared to the more stable northern reaches.

The volume loss above -19 ft NAVD88 during the monitoring period significantly
exceeded the average annual background erosion rate previously observed at Reach 3 -
North (-15.2 cy/ft). This is likely due to a combination of high-energy wave conditions and
slightly increased east-northeast wave directions, which can cause southerly sediment
transport. Additionally, during the prior monitoring period (June 2022 — June 2023),
material gains along the Town boundaries were attributed to sediment migrating south from
nourishment projects in northern towns. The volume losses above -30 ft NAVD88 support
the theory that alongshore transport continued towards Oregon Inlet, removing material
from the Town’s system.

Figure 5-16 displays the unit volume change at each transect above the six elevations
analyzed. As can be seen, a significant majority of transects experienced volume losses
below MHW.
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The profile plots in Appendix B show several instances where the offshore sand bar shifted
further offshore and diminished in size, while a large trough formed in front of it between
MHW and -15 ft NAVDB88. Figure 5-17 presents an example profile which shows the
adjustment of the offshore sand bar.
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Figure 5-17. Example Reach 3 - North Profile, Station 930+00 (E Jacobs St.)
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5.3.5 Nags Head - Reach 3 - South (June 2023 — June 2024)

The Nags Head — Reach 3 - South survey reach extends approximately 3,500 ft between
Limulus Drive and Loon Court, containing 14 survey transects (Station 975+00 — 1010+00)
(see Figure 3-1). A summary of average shoreline and volume changes between June 2023
and June 2024 for Reach 3 — South in comparison with the Total Monitored Oceanfront is
shown in Table 5-19 and Table 5-20. Additionally, shoreline and volume changes in
between October 2023 and June 2024 surveys are presented in Table 5-21 and Table 5-22.

Table 5-19. Average Shoreline and Average Unit Volume Change for Reach 3 -
South (June 2023 — June 2024)

avg shoreline ava volume avg volume | avg volume | avg volume | avg volume |avg volume
June 2023 vs. Transects Reach| change @ chag e above change above| change change change change
June 2024 Length +1.18 ft +6 ftgl]\lAVD88 +1.18 ft above -6 ft | above -14 ft | above -19 ft |above -30 ft
NAVD88 NAVD88 NAVD88 NAVD88 NAVD88 NAVD88
Reach # ft ft cylft cylft cylft cylft cylft cylft
Nags Head - 975+00 -
Reach 3 - South | 1010+00 3,500 -20.4 -0.1 -34 -12.7 -41.2 -38.9 -36.5
Total Monitored | 430+00 -
Oceanfront 1200400 77,000 6.9 17 33 0.6 -10.5 -9.8 -2.9

Table 5-20. Cumulative Volume Change for Reach 3 - South (June 2023 — June
2024)

cumulative cumulative cumulative cumulative cumulative cumulative
June 2023 vs. Transects Reach volume volume change volume volume  |volume change volume
June 2024 Length | change above | above +1.18 ft |change above {change above| above -19 ft |change above
+6 ft NAVD88 NAVD88 6 ft NAVD88 |-14 ft NAVD88 NAVD88 30 ft NAVD88
Reach # ft cy cy cy cy cy cy
Nags Head - 975+00 -
Reach 3 - South | 1010+00 3,500 -350 -11,880 -44,415 -144,269 -136,136 -127,669
Total Monitored | 430+00 -
Oceanfront 1200400 77,000 130,713 249,384 36,080 -833,226 -771,119 -248,056

Table 5-21. Average Shoreline and Average Unit Volume Change for Reach 3 -
South (October 2023 — June 2024)

October 2023 vs. Reach a\éiz:o;el(i;e avg volume c:;g volugne avghvolume avghvolume avghvolume avghvolume
June 2024 Transects 9 change above g€ above|  change change change change
tal Ch Length +1.18 ft +6 ft NAVDSS +1.18 ft above -6 ft | above -14 ft | above -19 ft | above -30 ft
(Total Change) NAVDSS NAVDSS | NAVDSS | NAVDSS | NAVDSS | NAVDSS
Reach # ft ft cylft cylft cylft cy/ft cylft cylft
Nags Head - 975+00 -
Reach 3 - South | 1010400 3,500 -16.0 -3.0 -4.8 -17.9 -42.3 -41.5 -38.3
Nourished 495+00 -
Oceanfront 1025+00 53,000 10.2 25 6.6 -8.1 -14.5 -17.5 -4.7

Table 5-22. Cumulative Volume Change for Reach 3 - South (October 2023 — June
2024)

cumulative cumulative cumulative | cumulative | cumulative | cumulative
October 2023 vs. volume volume volume volume
Reach volume volume change
June 2024 Transects change change change change
Length | change above | above +1.18 ft
(Total Change) +6 ft NAVDSS NAVDSS above -6 ft | above -14 ft | above -19 ft | above -30 ft
NAVD88 NAVD88 NAVDS88 NAVD88
Reach # ft cy cy cy cy cy cy
Nags Head - 975+00 -
Reach 3 - South 1010400 3,500 -10,484 -16,939 -62,705 -148,128 -145,316 -134,130
Nourished 430400~ 153 009 |  131,550 348,496 427,836 | -765977 | -927,406 | -251,008
QOceanfront 1200+00
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During the annual monitoring period, the shoreline at MHW experienced significant
overall recession, with a retreat of -20.4 ft. The majority of this recession occurred between
October 2023 and June 2024, accounting for -16.0 ft of the total. Figure 5-18 illustrates
the shoreline changes at each transect from June 2023 to June 2024, showing recession
across all transects.

Table 5-19 and Table 5-20 show that Reach 3 - South experienced volume losses across
all analyzed elevations. The most significant losses were above -14 ft NAVD88 (-144,269
cubic yards or -41.2 cy/ft) and above -19 ft NAVD88 (-136,131 cubic yards or -38.9 cy/ft),
mainly occurring between October 2023 and June 2024. Volume losses above -30 ft
NAVDB88 suggest that material may have been transported alongshore out of the reach,
rather than simply being deposited offshore.

As with Reach 3-North, the volume loss above -19 ft NAV D88 far exceeded the previously
observed average annual erosion rate at Reach 3 - South (-23.2 cy/ft), likely due to high-
energy wave conditions and slightly increased east-northeast wave directions causing
sediment to be transported offshore or southward. In addition, during the previous
monitoring period (June 2022 — June 2023), material gains at the Town boundaries were
thought to be caused by sediment drifting south from nourishment projects in northern
areas. The continued volume losses above -30 ft NAVD88 suggest that sediment was likely
transported further south toward Oregon Inlet, moving out of the Town’s system altogether.

Reach 3 - South also experienced volume losses at subaerial elevations. As the material
shifted offshore the shoreline receded and material from the beachface and dune shifted
lower, causing slight dune scarping and narrowing of recreational beach.

Figure 5-19 displays the unit volume change at each transect across the six analyzed
elevations, indicating volume losses at most transects. Notably, significant losses are
observed at the northern transects below -6 ft NAVD88. Similar to Reach 3 - North, the
profile plots in Appendix B illustrate the offshore sand bar moving further offshore and
shrinking in size, while a large trough formed between -6 ft NAVD88 and -15 ft NAVD88.
Concurrently, material loss from the berm is also evident.
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Figure 5-19. Nags Head — Reach 3 — S Unit Volume Change (June 2023 — June 2024)

Figure 5-20 presents an example profile from Reach 3 - South that provides an example
profile illustrating the adjustment of the offshore sand bar and shoreline recession.
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Figure 5-20. Example Reach 3 - South Profile, Station 980+00 (E Altoona St.)
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5.3.6 Nags Head - Reach 4 (June 2023 — July 2024)

The Nags Head — Reach 4 survey reach extends approximately 1,500 ft between Loon
Court and McCall Court, containing seven survey transects (Station 1010+00 — 1025+00),
at 500 ft spacing (see Figure 3-1). Table 5-23 and Table 5-24 summarize the shoreline
and volume changes between June 2023 and July 2024 for this reach in comparison with
the Total Monitored Oceanfront. Note that this reach was resurveyed in July 2024 due to
scarping observed after several storms post-June 2024 survey, so the results reflect changes
over the June 2023 — July 2024 period. The volume changes between June and July 2024
surveys are presented in Appendix E. Additionally, Table 5-25 and Table 5-26 present
shoreline and volume changes between the October 2023 and July 2024 surveys.

Table 5-23. Average Shoreline and Average Unit Volume Change for Reach 4 (June
2023 — July 2024)

avg shoreline avg volume | 39 volume | avg volume | avg volume | avg volume |avg volume
June 2023 vs. Transects Reach| change @ chag o above change above| change change change change
July 2024 Length +1.181t +6 ft?\lAVDBB +1.18 1t above -6 ft | above -14 ft | above -19 ft |above -30 ft
NAVD88 NAVD88 NAVDS88 NAVD88 NAVD88 NAVD88
Reach # ft ft cylft cylft cylft cylft cylft cylft
Nags Head - 1010+00 -
Reach 4 1025400 1,500 -44.9 -2.5 -10.4 -17.9 -36.1 -16.1 -16.5
Total Monitored | 430+00 -
Oceanfront 1200400 77,000 6.9 17 3.3 0.6 -10.5 -9.8 -2.9

Table 5-24. Cumulative Volume Change for Reach 4 (June 2023 — July 2024)

cumulative cumulative cumulative cumulative cumulative cumulative
June 2023 vs. Transects Reach volume volume change volume volume  |volume change volume
July 2024 Length | change above | above +1.18 ft |change above {change above| above -19 ft |change above
+6 ft NAVD88 NAVD88 6 ft NAVD88 |-14 ft NAVD88 NAVD88 30 ft NAVD88
Reach # ft cy cy cy cy cy cy
Nags Head - 1010+00 -
Reach 4 1025+00 1,500 -4,288 -18,134 -31,341 -63,252 -28,187 -28,798
Total Monitored | 430+00- 147 55| 130,713 249,384 36,080 -833,226 -771,119 -248,056
Oceanfront 1200+00

Table 5-25. Average Shoreline and Average Unit Volume Change for Reach 4
(October 2023 — July 2024)

October 2023 vs avg shoreline avg volume avg volume | avg volume | avg volume | avg volume | avg volume
July 2024 ' Transects Reach| change @ chag e above change above| change change change change
i chh Length +1.18 ft +6 ﬁ?\‘ AVDSS +1.18 ft above -6 ft | above -14 ft | above -19 ft | above -30 ft
(Total Change) NAVDSS NAVDSS | NAVDSS | NAVDSS | NAVDSS | NAVDSS
Reach # ft ft cylft cylft cylft cylft cylft cy/ft
N H - 101 -
apf’;cﬁid fozo;ogo 1500 | -47.3 -4.0 -12.9 -25.4 -44.7 -33.1 -336
Nourished 495+00 -
Oceanfront 1025400 53,000 10.2 25 6.6 -8.1 -14.5 -17.5 -4.7

Table 5-26. Cumulative Volume Change for Reach 4 (October 2023 — July 2024)

lati lati cumulative | cumulative | cumulative | cumulative
October 2023 vs. cumulative cumuiative volume volume volume volume
Reach volume volume change
July 2024 Transects change change change change
Length | change above | above +1.18 ft
(Total Change) +6 ft NAVDSS NAVDSS above -6 ft | above -14 ft | above -19 ft | above -30 ft
NAVD88 NAVD88 NAVD88 NAVD88
Reach # ft cy cy cy cy cy cy
Nags Head - 1010+00 -
Reach 4 1025400 1,500 -6,056 -19,425 -38,118 -67,067 -49,705 -50,384
Nourished 430+00 -
Oceanfront 1200400 53,000 131,559 348,496 -427,836 -765,977 -927,406 -251,008
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During the annual monitoring period, the shoreline at MHW experienced a significant
overall recession of -44.9 ft, with the entire retreat occurring between October 2023 and
July 2024. This led to the significant narrowing of the recreational beach and began causing
dune scarping, as shown in the photo in Figure 5-21. Figure 5-22 illustrates the shoreline
changes at each transect from June 2023 to July 2024, showing recession across all
transects.

Figure 5-21. Scarping adjacent to McCall Ct. on July 27, 2024. (D. Ryan Photo)

Similar to Reach 3 - South, Reach 4 experienced volume losses across all analyzed
elevations during the annual monitoring period, particularly between October 2023 and
July 2024. The most significant losses occurred above -14 ft NAVD88 (-67,067 cy or -44.7
cy/ft), primarily due to the removal of the offshore sand bar. Although some material was
recovered above -19 ft NAVD88, the volume losses above -30 ft NAVD88 suggest that
sediment may have been transported out of the reach.

As with previous reaches, the volume loss above -19 ft NAVD88 greatly exceeded the
average annual erosion rate previously observed at Reach 4 (-28.7 cy/ft), likely due to high-
energy wave conditions and slightly increased east-northeast wave directions causing
southward and offshore sediment transport. Material gains at the Town boundaries in the
prior monitoring period (June 2022 — June 2023) were attributed to sediment moving south
from northern nourishment projects. The ongoing volume losses above -30 ft NAVD88
suggest that sediment was transported further south toward Oregon Inlet, moving out of
the Town’s system.

Figure 5-23 shows unit volume changes at each transect above the six elevations analyzed,
indicating volume losses across all transects and elevations. Correspondingly, profile plots
in Appendix B illustrate erosion along the profiles with a significant removal of the
offshore sand bar. Figure 5-24 presents an example profile displaying the erosion along
the profile with and offshore bar removal.
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Figure 5-22. Nags Head — Reach 4 Shoreline Change (June 2023 — July 2024)
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Figure 5-24. Example Reach 4 Profile, Station 1020+00 (McCall Court)
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5.3.7 National Seashore - North (June 2023 — July 2024)

The National Seashore - North survey reach extends approximately 17,500 ft between
McCall Court and Oregon Inlet Campground. The National Seashore - North reach
contains 23 survey transects (Station 1025+00 — 1200+00), varying in spacing between 500
ft and 1,000 ft (see Figure 3-1). A summary of average shoreline and volume changes
between June 2023 and July 2024 for the National Seashore - North Reach is presented
along with total oceanfront changes in Table 5-27 and Table 5-28.

Table 5-27. Average Shoreline and Average Unit Volume Change for National
Seashore - North (June 2023 — July 2024)

avg shoreline avg volume | avg volume | avg volume | avg volume |avg volume

June 2023 vs. Transects Reach| change @ c:;g V::Q:,\e,e change above| change change change change
July 2024 Length +1.18 ft +6 ftgll\lAVD88 +1.18 1t above -6 ft | above -14 ft | above -19 ft |above -30 ft
NAVD88 NAVD88 NAVD88 NAVD88 NAVD88 NAVD88
Reach # ft ft cy/ft cylft cy/ft cy/ft cy/ft cylft
National Seashore {1025+00 -
North 1200+00 17,500 20.0 -2.4 -0.5 9.2 -26.6 -18.7 -33.3
Total Monitored | 430+00 -
Oceanfront 1200400 77,000 6.9 17 33 0.6 -10.5 -9.8 -2.9

Table 5-28. Cumulative Volume Change for National Seashore - North (June 2023 —
July 2024)

cumulative cumulative cumulative cumulative cumulative cumulative
June 2023 vs. Transects Reach volume volume change volume volume  |volume change volume
July 2024 Length | change above | above +1.18 ft |change above {change above| above -19 ft |change above
+6 ft NAVD88 NAVD88 6 ft NAVD88 |-14 ft NAVD88 NAVD88 30 ft NAVD88
Reach # ft cy cy cy cy cy cy
National Seashore -|1025+00 -
North 1200400 17,500 -42,262 -8,788 161,561 -465,228 -326,727 -582,524

Total Monitored | 430+00 -
Oceanfront 1200+00

77,000 130,713 249,384 36,080 -833,226 -771,119 -248,056

Shoreline change at MHW showed an overall average seaward advancement of +20.0 ft.
Figure 5-25 presents the shoreline changes at each transect, showing accretion along most
of the transects.

Overall, the National Seashore - North reach experienced volume losses across all analyzed
elevations except above -6 ft NAVD88. The most significant losses occurred above -14 ft
NAVDS88 (-465,228 cy or -26.6 cy/ft) and above -30 ft NAVD88 (-582,524 cy or -33.3
cy/ft). Losses above -19 ft NAVD88 (-326,727 cy or -18.7 cy/ft) were also substantial but
slightly smaller than those above -14 ft NAVDS88, indicating only partial recovery of the
material lost beyond the depth of closure. Some transects also showed removal of the
frontal dune.

Figure 5-26 displays unit volume changes at each transect across the six analyzed
elevations, with most transects showing volume losses below -6 ft NAVD88. Profile plots
in Appendix B reveal that the slope between MHW and the offshore bar has become milder
due to material deposition. The offshore bar is observed to be moving further offshore,
lowering, shrinking, and in some cases being removed. Figure 5-27 provides an example
profile illustrating these trends.
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Figure 5-25. National Seashore - North Shoreline Change (June 2023 — July 2024)
110
90

70

Accretion

50

30

Volume Change (cy/ft)
EN
o

-70
[=
2 -90
on
o
w110
-130
1020+00 1040+00 1060+00 1080+00 1100+00 1120+00 1140400 1160+00 1180+00 1200+00
Station
—8-YVolume Change Above +6 ft —8-\Volume Change Above MHW  —#—Volume Change Above -6 ft
~#-Volume Change Above -14 ft Volume Change Above -19 ft ~@-Volume Change Above -30 ft

Figure 5-26. National Seashore - North Unit Volume Change (June 2023 — July
2024)



Town of Nags Head M&N Project No. 10979-17
Beach Monitoring and Maintenance Plan Final Report
2024 Annual Monitoring Survey Evaluation Page 44 of 70

Nags Head Transect 1045+00

30
25
20
15
10

<« | FrontalDune
Removal

Removal of
Offshore Bar

P—

/V

15 Milder Slope

Elevation (ft, NAVDS88)

AN
o

200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 2,200
Distance Offshore (ft)

June 2023 July 2024 MHW

Figure 5-27. Example National Seashore - North Profile, Station 1045+00
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5.3.8 National Seashore - South (June 2023 — July 2024)

The National Seashore - South survey reach extends approximately 9,000 ft north of
Oregon Inlet, containing eight survey transects (Station 1200+00 — 1290+00), at 1,000 ft
spacing (see Figure 3-1). Shorelines adjacent to an inlet are typically very active due to
more complex hydrodynamics and often greater sediment transport rates, which can lead
to more extreme profile changes from year to year. Figure 5-28 presents the shoreline
changes at each transect, revealing a predominant seaward advancement in transects to the
north and recession in transects to the south except Station 1270+00. Figure 5-29 shows
the aerial image of Oregon Inlet from the beginning and end of the monitoring period.
During the monitoring period, material from Station 1230+00 to 1260+00 shifted
southward into Bodie Island Spit (Figure 5-29), causing recession at the transects in
between while leading to significant accretion at Station 1270+00.

Due to the dynamic nature of Oregon Inlet, volume calculations were not meaningful.
Instead, profile comparisons between June 2023 and July 2024 (Appendix B) were
investigated to determine trends. At northern transects, material was deposited on the
beachface, leading to the accretion of the shoreline, while transects from Station 1230+00
to 1260+00 experienced erosion. Figure 5-30 provides an example profile illustrating the
erosion.
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Figure 5-28. National Seashore - South Shoreline Change (June 2023 — July 2024)
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Figure 5-29. Oregon Inlet Change (07/01/2023 USGS Sentinel Imagery; 07/20/2024
USGS-Sentinel Imagery)
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Figure 5-30. Example National Seashore - North Profile, Station 1240 (Bodie Island

Spit)
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5.3.9 Oceanfront Trends Summary for All Reaches (June 2023 — June 2024)

Table 5-29 and Table 5-30 provides a summary of the shoreline and volume changes along
Nags Head as presented in the previous sections along with average and total oceanfront
values. For Nags Head, since each reach consists of a different length of shoreline, the
calculations provide a weighted average for unit shoreline change (ft) and unit volume
change (cy/ft) along the Nags Head oceanfront. The weighted average also accounts for
differences in the shoreline length between each transect. Appendix D contains plots of
the shoreline and volume changes between the June 2023 and the June 2024 surveys at
each transect along Nags Head.

Table 5-29. Nags Head Shoreline and Average Unit Volume Change Statistics (June
2023 — June 2024)

avg shoreline

ava volume | &9 volume | avg volume | avg volume | avg volume |avg volume
June 2023 vs. Transects Reach| change @ chag e above change above| change change change change
June 2024 Length +1.18 ft +6 ﬁ?VAVDSS +1.18 ft above -6 ft | above -14 ft | above -19 ft |above -30 ft
NAVD88 NAVD88 NAVD88 NAVD88 NAVD88 NAVD88
Reach # ft ft cyl/ft cyl/ft cy/ft cyl/ft cy/ft cyl/ft
Nags Head - North 430+00 - 6,500 6.1 34 4.5 0.8 11.8 9.6 26.6
gs Hea or 295+00 | & . . . . . . .
Nags Head - 495+00 -
Reach 1 790+00 29,500 5.1 2.5 4.2 0.2 2.2 -14 14.7
Nags Head - 790+00 -
Reach 2 920400 13,000 6.4 4.7 8.0 -0.3 -7.6 -6.6 515
Nags Head - 920+00 -
Reach 3N 975400 5,500 8.2 3.7 59 -10.0 -34.3 -36.6 -30.2
Nags Head - 975+00 -
Reach 3S 1010+00 3,500 -20.4 -0.1 -34 -12.7 -41.2 -38.9 -36.5
Nags Head - 1010+00 -
Reach 4 1025+00 1,500 -44.9 -2.5 -10.4 -17.9 -36.1 -16.1 -16.5
National Seashore |1025+00 -
North 1200+00 17,500 20.0 24 -0.5 9.2 -26.6 -18.7 -33.3
Transects I?eenagct: weighted avg | weighted avg | weighted avg |weighted avg|weighted avg|weighted avg weg/rged
Nourished | 495+00 - | 55 1, 2.7 2.9 44 23 7.9 92 35
Oceanfront 1025+00
Total Monitored | 430+00 -
Oceanfront* 1200400 77,000 6.9 17 33 0.6 -10.5 -9.8 -2.9

*National Seashore South Reach not included in the Total Monitored Oceanfront
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Table 5-30. Nags Head Cumulative Volume Change Statistics (June 2023 — June
2024)

cumulative cumulative cumulative cumulative cumulative cumulative
June 2023 vs. Transects Reach volume volume change volume volume  |volume change volume
June 2024 Length | change above | above +1.18 ft |change above {change above| above -19 ft |change above
+6 ft NAVD88 NAVD88 6 ft NAVD88 |-14 ft NAVD88 NAVD88 30 ft NAVD88
Reach # ft cy cy cy cy cy cy
430+00 -
Nags Head - North 495+00 6,500 20,432 27,027 4,771 70,965 57,395 159,508
Nags Head - 495+00 -
Reach 1 790400 29,500 74,639 123,358 6,401 64,852 -41,313 433,683
Nags Head - 790+00 -
Reach 2 920400 13,000 61,511 103,820 -3,551 -98,804 -85,912 71,490
Nags Head - 920+00 -
Reach 3N 975+00 5,500 21,031 33,981 -57,347 -197,490 -210,239 -173,746
Nags Head - 975+00 -
Reach 3S 1010+00 3,500 -350 -11,880 -44,415 -144,269 -136,136 -127,669
Nags Head - 1010+00 -
Reach 4 1025400 1,500 -4,288 -18,134 -31,341 -63,252 -28,187 -28,798
National Seashore -|1025+00 -
North 1200400 17,500 -42,262 -8,788 161,561 -465,228 -326,727 -582,524
Reach
Transects total total total total total total
Length
Nourished 495+00 -
53,000 ] g -130, -438, -501, )
Oceanfront 1025400 152,543 231,146 130,252 438,963 501,787 174,960
Total Monitored | 430+00 -
Oceanfront* 1200+00 77,000 130,713 249,384 36,080 -833,226 -771,119 -248,056

*National Seashore South Reach not included in the Total Monitored Oceanfront

During the June 2023 - June 2024 monitoring period, Reach 3S and Reach 4 experienced
significant shoreline recession, eroding much of the recreational beach. This erosion
allowed waves to reach the dunes, resulting in dune scarping especially in Reach 4. The
remaining reaches showed slight seaward advancement as material from nearshore was
deposited to beachface.

The Nags Head Oceanfront experienced material gains along the subaerial portions of the
profiles (+6 ft NAVD88 and MHW), as shown in the profile plots in Appendix B. This
was mainly due to nearshore material being deposited on the beachface. However, below
MHW, volume losses occurred across all analyzed elevations, except above -30 ft
NAVD88, where gains were only observed in Reaches 1 and 2. The most significant
volume loss along the nourished oceanfront was recorded above -19 ft NAVD88 (-501,787
cy or -9.2 cy/ft), exceeding the historical background erosion rate (-6.7 cy/ft). This elevated
loss can be attributed to the active 2023-2024 storm season, which brought 17 events with
significant wave heights exceeding 8 ft. The frequent storm activity likely prevented the
offshore-deposited material from returning to the beach, instead pushing it further offshore
to lower elevations. Additionally, material gains at the Town boundaries in the prior
monitoring period (June 2022 — June 2023) were attributed to sediment moving south from
northern nourishment projects. The ongoing volume losses above -30 ft NAVD88 suggest
that sediment was transported further south toward Oregon Inlet, moving out of the Town’s
system.
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The Total Monitored Oceanfront, which includes both the Nags Head North and National
Seashore-North reaches flanking the Nourished Oceanfront, exhibited a similar trend of
material gains at subaerial elevations and losses below MHW. While the Nags Head North
reach showed material gains across all analyzed elevations, the National Seashore-North
reach experienced material losses above all analyzed elevations.

Figure 5-31 and Figure 5-32 display the trends seen in Table 5-29 and Table 5-30 with
bar plots of the average unit volume changes as well as total cumulative volume changes
at each sub-reach to help visualize changes that occurred to the Nags Head monitoring area
as a whole and how the magnitude of changes compares from one reach to the next. These
figures help to visualize the overall changes within the Nags Head monitoring area and
highlight how the magnitude of changes compares between reaches. Both figures show
significant volume losses above -14 ft NAVDS88 and -19 ft NAVD88 across all monitored
shoreline reaches, with the exception of the Nags Head North reach. Reaches south of
Reach 2 also experienced volume losses above -30 ft NAVD88, suggesting that sediment
was either transported further offshore or alongshore, leaving the Town’s sediment system.

Average Profile Unit Volume Change by Elevation (June 2023 - June 2024)
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Figure 5-31. Average Unit Volume Change Within Each Reach (June 2023 -
June/July 2024)
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Cumulative Volume Change by Elevation (June 2023 - June 2024
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5.4 Nourished Oceanfront Performance Relative to Pre-Nourishment

Construction of the 2019 Nags Head Beach Nourishment Project was carried out between
May 1, 2019 and August 18, 2019. During the project, a total of 4 million cy of material
was placed along approximately 10 miles of shoreline. CSE conducted a pre-construction
survey in April 2019. To quantify the performance of the nourishment project, the volume
changes between the pre-nourishment survey and the subsequent monitoring surveys were
analyzed.

Figure 5-33 illustrates the shoreline changes relative to pre-nourishment condition (April
2019) along the Nourished Oceanfront. As can be seen from the figure, a significant
landward recession occurred along the Nourished Oceanfront since the completion of the
2019 nourishment project. The majority of this recession, noted before the post-Dorian
survey, can be attributed to Hurricane Dorian. However, a portion of it was also due to
profile equilibration, a natural occurrence during the stabilization of the nourishment
profile. Similarly, the August 2022 post-Dorian renourishment project helped mitigate
some of the recession. However, by June 2023, the shoreline had receded again, likely due
to ongoing profile equilibration. This year, high-energy wave events caused further
significant recession, particularly in the southern reaches (3S and Reach 4). In Reach 4, the
shoreline has receded beyond the April 2019 pre-nourishment condition.

Average Shoreline Change @ MHW Relative to Pre-Nourishment (April 2019)
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Figure 5-33. Nourished Oceanfront Average Shoreline Change Relative to Pre-
Nourishment Conditions
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Figure 5-34 and Table 5-31 presents the volume changes relative to pre-nourishment
conditions (April 2019) above six elevations along the Nourished Oceanfront. Notably, the
Nourished Oceanfront exhibited material gains along the subaerial elevations (+6 ft
NAVD88 and MHW) while losing significant material below MHW.

Table 5-31 confirms that since the completion of the 2019 nourishment project
approximately 598,349 cy (11.3 cy/ft) of volume gain was observed above -19 ft NAVD88
along the Nourished Oceanfront. It's important to highlight that 614,106 cubic yards of
material were placed during the 2022 Post-Dorian Renourishment project, indicating that
without this renourishment, material loss would have likely occurred above -19 ft
NAVDS88. The results suggest significant cross-shore shifts of sand across various
elevations. Notably, much of the sand has moved to lower elevations near the depth of
closure, where it becomes vulnerable to being removed from the system during high-energy
wave events.

Table 5-31. Nourished Oceanfront Cumulative Volume Change Relative to Pre-
Nourishment Conditions

cumulative cumulative cumulative cumulative cumulative

volume volume change volume volume volume
change above above change above | change above |change above|
Reaches Stations +6 ft NAVD88|+1.18 ft NAVD88| -6 ft NAVD88 | -14 ft NAVD88 |-19 ft NAVD88

. Reach 1 495+00 - 790+00 47,918 1,258,165 1,693,618 1,755,354 1,762,213
Pre-Nourishment Reach 2 790+00 - 920+00 15,959 568,190 861,317 883,160 885,587
(April 2019) -Post Reach 3N 920+00 - 975+00 45,018 447,070 602,835 579,316 576,703
Nourishment Reach 3S 975+00 - 1010+00 24,590 94,184 521,783 538,928 540,833
(August 2019) Reach 4 1010+00 - 1025+00 19,612 37,063 270,325 242,401 239,298

Nourished Oceanfront |495+00 - 1025+00 153,098 2,404,672 3,949,879 3,999,158 4,004,634

Reach 1 495+00 - 790+00 122,742 890,211 1,043,259 1,670,583 1,649,959
Pre-Nourishment Reach 2 790+00 - 920+00 53,589 441,740 550,539 906,718 817,193
(April 2019) -Post Reach 3N 920+00 - 975+00 53,200 273,200 304,616 414,929 388,407
Dorian Reach 3S 975+00 - 1010+00 29,753 -14,098 295,230 387,901 350,928
(November 2019) Reach 4 1010+00 - 1025+00 10,924 -47,450 67,788 85,461 62,951

Nourished Oceanfront |495+00 - 1025+00 270,208 1,543,604 2,261,432 3,465,591 3,269,438

Reach 1 495+00 - 790+00 193,057 964,264 991,610 1,633,023 2,052,621

Pre-Nourishment Reach 2 790+00 - 920+00 110,115 502,260 554,438 935,933 1,109,539
(April 2019) - Reach 3N 920+00 - 975+00 72,432 288,994 261,920 383,133 526,039
June 2020 Reach 3S 975+00 - 1010+00 41,649 -4,082 235,215 316,084 354,188
Reach 4 1010+00 - 1025+00 21,996 -28,740 33,984 45,101 71,796

Nourished Oceanfront |495+00 - 1025+00 [ 439,248 1,722,697 2,077,167 3,313,273 4114183

Reach 1 495+00 - 790+00 272,387 1,144,705 1,177,224 1,849,575 2,263,667

Pre-Nourishment Reach 2 790+00 - 920+00 139,655 559,446 705,370 1,035,767 1,250,047
(April 2019) - July Reach 3N 920+00 - 975+00 75,007 303,408 242,005 349,588 511,176
2021 Reach 3S 975+00 - 1010+00 39,685 -14,715 184,822 252,470 316,292
Reach 4 1010+00 - 1025+00 18,948 -35,699 15,219 22,910 79,520

Nourished Oceanfront |495+00 - 1025+00 545,682 1,957,146 2,324,639 3,510,310 4,420,702

Reach 1 495+00 - 790+00 326,493 1,076,208 983,159 1,188,310 2,059,260

Pre-Nourishment Reach 2 790+00 - 920+00 124,552 437,580 512,104 498,138 1,039,949
(April 2019) - Reach 3N 920+00 - 975+00 46,334 206,727 156,733 11,292 344,958
June 2022 Reach 3S 975+00 - 1010+00 22,972 -45,066 153,151 142,466 313,583
Reach 4 1010+00 - 1025+00 14,154 -43,008 -523 -5,248 64,869

Nourished Oceanfront |495+00 - 1025+00 534,504 1,632,442 1,804,624 1,834,958 3,822,618

Reach 1 495+00 - 790+00 335,917 1,059,107 1,006,248 1,713,208 2,318,425

Pre-Nourishment Reach 2 790+00 - 920+00 164,020 522,559 672,631 1,116,802 1,501,016
(April 2019) - Reach 3N 920+00 - 975+00 69,003 259,624 260,863 445,635 672,518
June 2023 Reach 3S 975+00 - 1010+00 39,437 -12,111 198,971 315,891 493,380
Reach 4 1010+00 - 1025+00 16,489 -39,790 4,174 31,740 119,431

Nourished Oceanfront |495+00 - 1025+00 624,865 1,789,389 2,142,887 3,623,277 5,104,771

Reach 1 495+00 - 790+00 410,557 1,182,465 1,012,650 1,778,061 2,277,112

Pre-Nourishment Reach 2 790+00 - 920+00 225,530 626,379 669,080 1,017,997 1,415,104
(April 2019) - Reach 3N 920+00 - 975+00 90,033 293,605 203,516 248,145 462,279
June 2024 Reach 3S 975+00 - 1010+00 39,087 -23,991 154,556 171,622 357,244
Reach 4 1010+00 - 1025+00 12,201 -57,924 -27,167 -31,512 91,244

Nourished Oceanfront |495+00 - 1025+00 777,408 2,020,534 2,012,635 3,184,313 4,602,983
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Nourished Oceanfront, Cumulative Volume Change Relative to Pre-Nourishment
(April 2019)
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Figure 5-34. Nourished Oceanfront Cumulative Volume Change Relative to Pre-
Nourishment

Figure 5-35 illustrates the volume changes relative to pre-nourishment conditions (April
2019) above +6 ft NAVD88 along the Nourished Oceanfront. All the reaches, excluding
Reach 4, experienced a gain in material above +6 ft NAVD88. However, Reach 4 incurred
a loss of approximately 38% of the material that was originally placed above +6 ft
NAVDA88 during the 2019 Nourishment Project. Notably, 31% of this loss occurred this
year, driven by substantial recession that led to dune scarping.

Figure 5-36 shows the volume changes relative to pre-nourishment conditions (April 2019)
above MHW (+1.18 ft NAVD88) along the Nourished Oceanfront. Notably, all reaches
except Reach 2, experienced material losses above MHW following the completion of the
2019 nourishment project. Similar to shoreline changes (see Figure 5-33), the majority of
these losses were observed during the Post-Dorian survey, encompassing both the erosion
caused by Hurricane Dorian and the equilibrium of the nourishment profile.

Figure 5-37 presents the volume changes above -19 ft NAVDS88 relative to pre-
nourishment conditions (April 2019) along the Nourished Oceanfront. Reach 1 and Reach
2 show volume gains above -19 ft NAVD88 when compared to pre-nourishment levels. In
contrast, the remaining reaches experienced material losses, with Reach 3N and Reach 3S
both losing less than 50% of the material placed during the 2019 nourishment. However,
Reach 4 has undergone significant material loss, having lost 62% of the nourished material
by the end of this monitoring period.
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Cumulative Volume Change Above +6 ft NAVD88 Relative to Pre-Nourishment (April 2019)
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Figure 5-35. Cumulative Volume Change Above +6 ft NAVD88 Relative to Pre-
Nourishment

Cumulative Volume Change Above MHW Relative to Pre-Nourishment (April 2019)
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Figure 5-36. Cumulative Volume Change Above MHW Relative to Pre-Nourishment
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Cumulative Volume Change Above - 19 ft NAVD88 Relative to Pre-Nourishment (April 2019)
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Figure 5-37. Cumulative Volume Change Above -19 ft NAVD88 Relative to Pre-
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5.5 Multi-Decadal Beach Nourishment Master Plan

The Town of Nags Head has developed a Multi-Decadal Beach Nourishment Master Plan
(Master Plan), adopted in July 2024, to provide a framework to plan and conduct beach
maintenance and storm response projects over a 50-year timeframe. With this framework
in place, the Town will be able to efficiently plan the permitting, financing, and
construction of future beach nourishment projects.

The annual monitoring efforts will decide the timing and extents of these projects by
tracking the average profile volume in each management reach as compared to the
nourishment triggers that define the minimum profile volumes required to provide an
equivalent level of protection along the Nags Head shoreline. While future beach
nourishment projects will be sequenced and designed predominantly upon volumetric
needs for infrastructure protection, other factors including funding sources and availability,
feasibility of construction, and tourism and recreational use can also influence design
considerations and may be considered on a project-by-project basis.

The volumetric triggers developed as part of the Master Plan are based on the profile
volume from the foredune (landward most crest of primary dune) to the outer bar, above
the -19 ft NAVDS88 elevation. These triggers were developed to provide equivalent
protection along the Nags Head oceanfront. Based on the engineering analysis and
historical and expected future funding levels, it was determined that the Town would be
able to maintain a Level of Protection (LoP) from a 25-year return period storm event.
Detailed CSHORE modeling (a 1-D cross-shore numerical model) was used to determine
the amount of sand above -19 ft NAVD@88 that is needed to provide the 25-year event LoP
in each management reach. This is different for each reach, depending on the existing dune
height, berm width, and other profile characteristics. Table 5-32 presents the management
reaches and nourishment triggers determined in the Master Plan. As shown in the table,
each reach has a slightly different volume trigger, with a Town-wide average of 464 cy/ft.

Table 5-32. Trigger Volumes Above -19 ft NAVD88 for 25-yr Event

Reach Stations Length (ft) ?gifrhe-\l;;%g(i;fa)r

Nags Head - North 430+00- 495+00 6,500 355
Reach 1 495+00- 790+00 29,500 470
Reach 2 790+00- 920+00 13,000 502
Reach 3 - North 920+00- 975+00 5,500

Reach 3 - South 975+00- 1010+00 3,500 446
Reach 4 1010+00- 1025+00 1,500

TOTAL 59,500 464

Because this is a new protocol for evaluating the state of the Town’s beach, all profile data
from 2011 to present was re-evaluated considering these volumetric triggers, as shown in
Figure 5-38. It is noted that the start position for the volumetric computation in the trigger
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evaluation is different from the Xon (computation start) location for the historical volume
change analysis presented in this and previous reports. The volumetric trigger is computed
from the approximate dune crest location to the offshore location of the -19 ft NAVD88

contour.

Average Profile Volume by Reach Above -19 ft NAVD88

22011 @2012 @2013 m2014 m2015 m®m2016 m2017
02018 m2019 02020 ©O2021 m2022 ©2023 02024
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Figure 5-38. Master Plan Nourishment Trigger Volume Comparison

All management reaches currently contain average profile volumes above the nourishment
triggers, however, there have been localized erosion hotspots observed along the Town’s
shoreline in the summer of 2024. To more closely examine the current status of the beach,
the profile volumes from all transects as of June — July 2024 are presented in Figure 5-39.
Localized segments of Reaches 3 and 4 have profiles below the trigger volumes (red
arrows), and additional localized segments of Reaches 1 and 2 are close to the triggers
(yellow arrows).



Town of Nags Head M&N Project No. 10979-17

Beach Monitoring and Maintenance Plan Final Report
2024 Annual Monitoring Survey Evaluation Page 58 of 70
2024 Profile Volumes Overall Trigger (464 cy/ft) = = Reach Triggers
800 T T T T T
1 1 1 I |
! 1 1 1 1
1 1 1 1 1
1 1 1 | 1
700 . . . i .
1 1 1 1 1
| 1 1 | I
1 1 ] 1 1
600 1 1 | i 1
1 1 I 1 1
1 1 1 I |
g : : 502 : : :
3500 i 470 i i i
~— Jom e o T e am e mm e e e e e em e 1 1 1 1
] [ I TR ] e L T -
E 1 1 1 a46 |} 1
3 400 ! 1 | 1 |
(<] ! 1 1 | 1l
> o e | el 1 I 1 |
2 355 || | | | l
5 300 1 ( 1 1 |
= 1 1 1 1 1
o 1 1 1 1 1
! 1 1 1 1
200 : | : | :
! 1 1 I 1
1 I I 1 |
1 1 1 I |
100 1 1 I I |
! 1 1 1 1
1 1 1 I |
1 1 1 I |
0 1 | I 1 |
O 0O 0O O 000 00000 000000000 0000000000 OO0 0o oo
O 0O 0O 0000000 00000000 0000000000000 0000 o
¥ ¥+ ¥ ¥ f¥F+Fr*¥Ffr¥r¥FrrfrrrrrrrrFrEFrEIIEFEEFEITIEIEETETYEETE
O O 0O 0 O QOO0 0000000000000 O0OO0C0COWLLWLWHWLWHLWLWLW LW W LW
MDD MWLM MIWODMNOD— M WOMNMNOD—OMOWONNOO - AN®MTWOINOOD O «— N
T T T TTOHOL N WD O OO0 ONNMNMNMNDNSDNODGO®DOMOWMOMDMOO OO OO OO OO O O
Transect

Figure 5-39. 2024 Beach Profile Volumes and Master Plan Trigger Volume
Comparison. Red arrows indicate locations that are below the trigger volumes and
yellow areas indicate areas that are close to the trigger volumes.

An evaluation of the recreational beach width as approximated by the distance from the
MHW contour to the +6 ft NAVD88 contour is also presented in Figure 5-40. Because of
the scatter in the data points, a 9-point moving average was employed to more clearly
illustrate overall trends along the shoreline. There has been substantial loss of the
recreational beach width in several sections of the shoreline, including STA 470+00 to
570+00, 810+00 to 925+00, and 975+00 south to the Town boundary. The loss of the dry
beach also makes it more likely that the dunes will be impacted by high water level and
wave events.

Given these results, the Town may consider accelerating the timeline for the next beach
nourishment project, currently planned for Summer 2027.
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Recreational Beach Width (MHW to +6 ft NAVD88 Contour)
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Figure 5-40. Recreational Beach Width Comparison, 2023 to 2024

5.6 Long-Term Volume Change Trends (2011 — 2024)

To determine the long-term trends along Nags Head, annual volume changes from the
present and previous monitoring reports were averaged at each transect. Material placed
during the 2019 and 2022 beach nourishment projects was subtracted out of the total
volume change at each transect in order to determine the background erosion rate. Figure
5-41 shows the mean volume change from 2011 to 2024 with nourishment, and Figure
5-42 shows the mean volume change over the same years with the nourishment subtracted
out. In comparison of the two figures, the hotspot at Reach 3-South (in the center of the
red circle on each figure) is very visible when nourishment effects are subtracted out. In
both figures increases in volume losses from north to south can be observed. The majority
of profiles to the south of Reach 2 experience volume losses above all elevations analyzed
when the nourishment material is subtracted.
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5.7 Long-Term Dune Volume Trends

After the 2011 Beach Nourishment study it was noted (CSE 2018) that sand fencing has
managed to capture the wind-blown sand and caused steady dune growth until 2014. The
dune growth rates declined after 2014 as the available sand for aeolian transport decreased.
Shoreline recession and reduction in dry beach width for aeolian transport caused dunes to
lose sand from 2016 to 2018. The wider beaches created by the 2019 Beach Nourishment
Project allowed for aeolian transport, and during the next four monitoring periods (2019 -
2023) dune growth was observed above +6 ft NAVD88. During the June 2023 to June 2024
monitoring period, dune growth continued across Reach 1, Reach 2, and Reach 3N, with
the most significant growth occurring in Reach 2, which saw an increase of + 65,511 cy
(+4.7 cylft) (Table 5-29). In contrast, Reach 3S and Reach 4 experienced dune scarping
due to shoreline recession. This was particularly significant in Reach 4, where -4,288 cy (-
2.5 cy/ft) of material was lost above +6 ft NAVDS8.

In an attempt to determine the vulnerable locations, the mean volume change above +6 ft
NAVDS88 in between 2011 and 2019 beach nourishment projects was examined. Figure
5-43 shows the mean volume change above +6 ft NAVD88, indicating two erosional
locations. The first location is observed at Reach 1, in front of the Jockey’s Ridge State
Park, between E Hollowell Street and E Soundside Road. The second area covers the south
part of the monitoring area starting from the hotspot location at Reach 3-South and
extending south to National Seashore — North reach. The rest of the dunes across the Nags
Head Oceanfront display either volume gain or no overall change.

To investigate how the volume changes occurred over time a moving average analysis was
done by averaging the unit volume of a profile with profiles within 1,000 ft distance to it.
Using moving average helps visualize the trends by displaying the localized trends while
smoothing the instantaneous changes of volume between profiles. Figure 5-44 presents the
moving average analysis of unit volumes above +6 NAVD88 ft along the monitoring
shoreline from 2019 to 2024. The analysis reveals dune erosion at Reach 4, as well as other
areas where dune erosion has been ongoing.
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Mean Volume Change Per Year Above +6 ft NAVDSS (2011-2018)
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Figure 5-43. Unit Dune Volume Change from 2011 to 2018 (Moving Average Trend
Above +6 ft NAVD88)
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6.0 SUMMARY

The Town of Nags Head Beach Monitoring and Maintenance Plan is sponsored by the
Town of Nags Head (Town) as a continuation of the 2011 monitoring program initiated for
assessing beach conditions. The primary purpose of the program is to assess current and
historical shoreline conditions, determine shoreline and volumetric changes and evaluate
the performance of beach nourishment and other restoration efforts. Evaluating and
documenting these changes consistently over successive years provides information
Necessary to plan for future beach nourishments and to support development of the Town’s
multi-decadal Beach Nourishment Master Plan.

The latest annual summer survey took place in June 2024 and was carried out by McKim
& Creed. Furthermore, a fall survey, prompted by observed scarping along the Town’s
beachfront, was conducted by McKim & Creed in October 2023, along with another annual
survey in June 2023. This report outlines the data sources, methodologies, and findings of
a survey evaluation conducted by Moffatt & Nichol. The evaluation compares the June
2024 survey to the data from October 2023 and June 2023 surveys.

The survey data was used to compute shoreline change at Mean High Water (MHW), which
is designated as +1.18 ft NAVD88 for Nags Head, and volume change above +6 ft
NAVD88 (berm), MHW, -6 ft NAVD88 (wading depth), -14 ft NAVD88 (outer bar), -19
ft NAVD88 (approximate depth of closure), and -30 ft NAVD88 (offshore).

During the 2019 Beach Nourishment Project approximately 4.0 million cy of material was
placed along approximately 10 miles of shoreline. The shoreline position and volume
changes above six elevations relative to pre-nourishment conditions (April 2019) along the
Nourished Oceanfront (Station 495+00 — 1025+00) were also analyzed.

Figure 6-1 illustrates the shoreline changes relative to pre-nourishment condition (April
2019) along the Nourished Oceanfront. As can be seen from the figure, a significant
landward recession occurred along the Nourished Oceanfront since the completion of the
2019 nourishment project. The majority of this recession, noted before the post-Dorian
survey, can be attributed to Hurricane Dorian. However, a portion of it was also due to
profile equilibration, a natural occurrence during the stabilization of the nourishment
profile. Similarly, the August 2022 post-Dorian renourishment project helped mitigate
some of the recession. However, by June 2023, the shoreline had receded again, likely due
to ongoing profile equilibration. This year, high-energy wave events caused further
significant recession, particularly in the southern reaches (3S and Reach 4). In Reach 4, the
shoreline has receded beyond the April 2019 pre-nourishment condition.
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Figure 6-1.Nourished Oceanfront Average Shoreline Change Relative to Pre-
Nourishment Conditions

Figure 6-2 illustrates that the overall changes in sand volume vary with the depth above
which volumes are assessed. Since the completion of the 2019 nourishment project
approximately 598,349 cy (11.3 cy/ft) of volume gain was observed above -19 ft NAVD88
along the Nourished Oceanfront. This indicates that 127% of the volume present in August
2019 above -19 ft NAVD88 has remained within the system through the June 2024 survey.
It's important to highlight that 614,106 cubic yards of material were placed during the 2022
Post-Dorian Renourishment project, indicating that without this renourishment, material
loss would have likely occurred above -19 ft NAVD88. The results suggest significant
cross-shore shifts of sand across various elevations. Notably, much of the sand has moved
to lower elevations near the depth of closure, where it becomes vulnerable to being
removed from the system during high-energy wave events.

Figure 6-3 presents the volume changes above -19 ft NAVD88 relative to pre-nourishment
conditions (April 2019) along the Nourished Oceanfront. Reach 1 and Reach 2 show
volume gains above -19 ft NAVD88 when compared to pre-nourishment levels. In contrast,
the remaining reaches experienced material losses, with Reach 3N and Reach 3S both
losing less than 50% of the material placed during the 2019 nourishment. However, Reach
4 has undergone significant material loss, having lost 62% of the nourished material by the
end of this monitoring period.
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Nourished Oceanfront, Cumulative Volume Change Relative to Pre-Nourishment
(April 2019)
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Volume changes during the monitoring period indicated that the Nourished Oceanfront and
Total Monitored Oceanfront both experienced losses in material above -19 ft NAVD88
indicating material being moved out of the Town’s sediment system. Key statistics for are
shown in Table 6-1 and Table 6-2.

Table 6-1. Nags Head Shoreline and Average Unit Volume Change Statistics (June
2023 — June 2024)

avg shoreline avg volume | 39 volume | avg volume | avg volume | avg volume |avg volume
June 2023 vs. Transects Reach| change @ chag o above change above| change change change change
June 2024 Length +1.18 ft +6 ft?\lAVDBB +1.18ft above -6 ft | above -14 ft | above -19 ft |above -30 ft
NAVD88 NAVD88 NAVD88 NAVD88 NAVD88 NAVD88
Reach # ft ft cylft cy/ft cylft cylft cy/ft cylft
Nags Head - North 430+00 - 6,500 6.1 34 45 0.8 11.8 9.6 26.6
g 295400 | & . . . . . . X
Nags Head - 495+00 -
Reach 1 790400 29,500 5.1 25 4.2 0.2 2.2 -1.4 14.7
Nags Head - 790+00 -
Reach 2 920400 13,000 6.4 4.7 8.0 -0.3 -7.6 -6.6 515
Nags Head - 920+00 -
Reach 3N 975400 5,500 8.2 3.7 5.9 -10.0 -34.3 -36.6 -30.2
Nags Head - 975+00 -
Reach 3S 1010400 3,500 -20.4 -0.1 -34 -12.7 -41.2 -38.9 -36.5
Nags Head - 1010+00 -
Reach 4 1025400 1,500 -44.9 -2.5 -10.4 -17.9 -36.1 -16.1 -16.5
National Seashore |1025+00 -
North 1200400 17,500 20.0 -24 -0.5 9.2 -26.6 -18.7 -33.3
Transects Eee:;: weighted avg | weighted avg | weighted avg [weighted avg|weighted avg |weighted avg Wegged
Nourished —| 495+00 - |53 1, 2.7 2.9 44 2.3 7.9 9.2 35
Oceanfront 1025+00
Total Monitored | 430+00 -
Oceanfront* 1200400 77,000 6.9 17 3.3 0.6 -10.5 -9.8 -2.9

*National Seashore South Reach not included in the Total Monitored Oceanfront

Table 6-2. Nags Head Cumulative Volume Change Statistics (June 2023 — June
2024)

cumulative cumulative cumulative cumulative cumulative cumulative
June 2023 vs. Transects Reach volume volume change volume volume  |volume change volume
June 2024 Length | change above | above +1.18 ft |change above {change above| above -19 ft |change above
+6 ft NAVD88 NAVD88 6 ft NAVD88 |-14 ft NAVD88 NAVD88 30 ft NAVD88
Reach # ft cy cy cy cy cy cy
430+00 -
Nags Head - North 495400 6,500 20,432 27,027 4,771 70,965 57,395 159,508
Nags Head - 495+00 -
Reach 1 790+00 29,500 74,639 123,358 6,401 64,852 -41,313 433,683
Nags Head - 790+00 -
Reach 2 920400 13,000 61,511 103,820 -3,551 -98,804 -85,912 71,490
Nags Head - 920+00 -
Reach 3N 975400 5,500 21,031 33,981 -57,347 -197,490 -210,239 -173,746
Nags Head - 975+00 -
Reach 3S 1010+00 3,500 -350 -11,880 -44,415 -144,269 -136,136 -127,669
Nags Head - 1010+00 -
Reach 4 1025400 1,500 -4,288 -18,134 -31,341 -63,252 -28,187 -28,798
National Seashore -|1025+00 -
North 1200+00 17,500 -42,262 -8,788 161,561 -465,228 -326,727 -582,524
Transects Reach total total total total total total
Length
Nourished 495+00 -
53,000 g - .
Oceanfront 1025400 152,543 231,146 130,252 438,963 501,787 174,960
Total Monitored | 430+00 -
Oceanfront* 1200+00 77,000 130,713 249,384 36,080 -833,226 -771,119 -248,056
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During the June 2023 - June 2024 monitoring period, Reach 3S and Reach 4 experienced
significant shoreline recession, eroding much of the recreational beach. This erosion
allowed waves to reach the dunes, resulting in dune scarping especially in Reach 4. The
remaining reaches showed slight seaward advancement as material from nearshore was
deposited to the beachface.

The Nags Head Oceanfront experienced material gains along the subaerial portions of the
profiles (+6 ft NAVD88 and MHW). This was mainly due to nearshore material being
deposited on the beachface. However, below MHW, volume losses occurred across all
analyzed elevations, except above -30 ft NAVD88, where gains were only observed in
Reaches 1 and 2. The most significant volume loss along the nourished oceanfront was
recorded above -19 ft NAVD88 (-501,787 cy or -9.2 cy/ft), exceeding the historical
background erosion rate (-6.7 cy/ft). This elevated loss can be attributed to the active 2023-
2024 storm season, which brought 17 events with significant wave heights exceeding 8 ft.
The frequent storm activity likely prevented the offshore-deposited material from returning
to the beach, instead pushing it further offshore to lower elevations. Additionally, material
gains at the Town boundaries in the prior monitoring period (June 2022 — June 2023) were
attributed to sediment moving south from northern nourishment projects. The ongoing
volume losses above -30 ft NAVD88 suggest that sediment may have been transported
further south toward Oregon Inlet, moving out of the Town’s system.

The Total Monitored Oceanfront, which includes both the Nags Head North and National
Seashore-North reaches flanking the Nourished Oceanfront, exhibited a similar trend of
material gains at subaerial elevations and losses below MHW. While the Nags Head North
reach showed material gains across all analyzed elevations, the National Seashore-North
reach experienced material losses above all analyzed elevations, similar to the adjacent
areas in the Nourished Oceanfront.

During the June 2023 to June 2024 monitoring period, dune growth continued across Reach
1, Reach 2, and Reach 3N, with the most significant growth occurring in Reach 2, which
saw an increase of + 65,511 cy (+4.7 cy/ft). In contrast, Reach 3S and Reach 4 experienced
dune scarping and shoreline recession. This was particularly significant in Reach 4, where
-4,288 cy (-2.5 cy/ft) of material was lost above +6 ft NAVD88.

The Town adopted a Multi-Decadal Beach Nourishment Master Plan (Master Plan) in July
2024. This Master Plan included development of volumetric triggers for beach
nourishment, based on the profile volume from the landward crest of the primary dune to
the outer bar, above the -19 ft NAVDS88 elevation. This sand volume was modeled to
provide a Level of Protection (LoP) from a 25-year storm. Figure 6-5 presents the
historical and current status of the average profile volumes per reach compared to the
volumetric triggers (continuous red and black dashed lines).
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Average Profile Volume by Reach Above -19 ft NAVD88
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Figure 6-4. Master Plan Nourishment Trigger Volume Comparison

All management reaches currently contain average profile volumes above the nourishment
triggers, however, there have been localized erosion hotspots observed along the Town’s
shoreline in the summer of 2024. The profile volumes from all transects as of June — July
2024 are presented in Figure 6-5. Localized segments of Reaches 3 and 4 have profiles
below the trigger volumes (red arrows), and additional localized segments of Reaches 1
and 2 are close to the triggers (yellow arrows).
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Figure 6-5. 2024 Beach Profile Volumes and Master Plan Trigger Volume
Comparison. Red arrows indicate locations that are below the trigger volumes and
yellow areas indicate areas that are close to the trigger volumes.

Additionally, there have been losses of the recreational dry beach as measured by the
distance from the MHW line to the +6 ft NAVD88 elevation throughout the Town. Loss
of the dry beach increases the likelihood that the dunes will be further impacted by high
water level and wave events.

Given these results, the Town may consider accelerating the timeline for the next beach
nourishment project, currently planned for Summer 2027.
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Survey Certification

I, Raymond B Dawber NCPLS 3898, certify that this project was completed under my
direct and responsible charge from an actual survey made under my supervision;
meeting the requirements of the SOW, the hydrographic and topographic survey was
performed at the 95% percent confidence level to meet Federal Geographic Data
Committee Standards; meets the requirements for a topographic/planimetric survey to
the horizontal and vertical accuracy of Class III surveys, and that the original data was
obtained on 17 June 2024 through 31 July 2024; horizontal coordinates are presented in
the North Carolina State Plane Coordinates (NAD83 2011) and all elevations are based

on North American Vertical Datum of 1988 (NAVD88). All coordinates are ground unless

specified otherwise.
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General scope of work

The work under the Task Order consisted of topographic and hydrographic beach profiles
collected along the entire 10.1 miles of Nag’s Head Atlantic Ocean Shoreline. 174 beach
profiles were surveyed using a crew of employees of McKim & Creed Inc.

Planning

On 14 June 2024 a project kickoff meeting was held between the field and office crew to
review the scope of work in detail. All anticipated safety conditions were discussed along
with the necessary safety equipment. The field team began monitoring the weather
conditions at the beginning of June to determine the best time to mobilize to the survey
area. Field work commenced on 17 June 2024, with a reconnaissance of control
monuments and general mobilization activities. Survey data was collected from 18 June
2024 through 31 July 2024. The crew demobilized for the first time on June 26, 2024, due
to not having permission to survey inside the Cape Hatteras National Seashore. The permit
(Appendix A) was signed on July 9, 2024, and received by McKim & Creed on July 19, 2024.
McKim & Creed mobilized for the second time on July 29, 2024, after weather conditions
improved on site, and finished surveying the 32 lines inside the park and resurveyed an
additional 7 lines (requested by the Town of Nags Head) on July 31, 2024.

The surveys were conducted to meet or exceed the Minimum Performance Standards for
the U.S. Army Corps of Engineers (USACE), Engineering and Design Hydrographic
Surveying Manual (EM 1110-2-1003) and in accordance with Chapter 56.1606 of the North
Carolina Administrative Code (NCAC) specifications established by The North Carolina
Engineering and Land Surveying Act (GS89C). The hydrographic survey was conducted
under the direct supervision of an NSPS-THSOA Certified Hydrographer (CH).

Vertical data was collected in the North American Vertical Datum of 1988 (NAVD88) using
Geoid 18. All Horizontal data is provided in the North Carolina State Plane Coordinate
System, North American Datum (NAD) of 1983(2011).

All survey personnel adhered to the safety standards and used the necessary PPE as
required for this type of project.

The field survey and data collection activities encompassed four (4) phases. Brief
descriptions of each survey phase, including methodologies and quality control/quality
assurance procedures, are described below.

Phase 1-Control Reconnaissance/Establishment/Verification

Prior to surveying beach profiles, reconnaissance of the monuments was conducted to
confirm that survey control was in place and undisturbed. Real Time Kinematic Global
Positioning System (RTK GNSS) base stations were used in conjunction with the North
Carolina virtual reference station (NCVRS) network to locate and confirm survey control

3
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for this project using a 3-minute observation at each monument The horizontal and
vertical accuracy of control data meets the accuracy requirements as set forth in the
Engineering and Design Hydrographic Surveying Manual (EM 1110-2-1003). To achieve
required accuracy, the surveys were controlled using 2nd order monuments, including
T168 and CAHA 2 from the National Geodetic Survey (NGS). Three-minute GNSS
observations were measured on all monuments utilized and temporary benchmarks (TBM)
established. Horizontal and vertical positioning checks were conducted at the beginning
and end of each day using at least two control benchmarks in the project area. The control
check shots were acquired using a minimum of five (5) epochs.

Phase 2-Beach Profiles

Upon completion of the control reconnaissance survey, beach/upland and nearshore
operations were initiated. Profiles of the beach in the project area were surveyed using
extended rod RTK GNSS rovers, and standard RTK GNSS rovers. Extended rod RTK GNSS
rovers were used to augment RTK GNSS survey capability into the nearshore.

Profiles commenced from the baseline and extended seaward overlapping the
nearshore/wade data. Nearshore portions of the profiles were surveyed by two (2)
surveyors with an Extended Rod Trimble R8 or R10 RTK GNSS rovers. The nearshore
survey extended seaward to a point overlapping the offshore portion of the profiles by at
least fifty (50) feet.

Elevations were taken at a maximum of twenty-five (25) foot intervals along each profile
line and at all grade breaks. The integrity of the profiles line directions used the RTK GNSS
feature to remain on azimuth.

Phase 3-Nearshore/Offshore Profiles

The Nearshore/Offshore profiles were conducted along each required profile station. The
profiles were obtained 3,500 feet beyond the shoreline or to the -30° NAVD88 contour,
whichever is more landward. The landward limits of the nearshore profiles were based on
a minimum overlap of fifty (50) feet beyond the seaward extent of beach profiles.

Soundings were collected at 200kHz with an Odom Echotrac E20 single beam echosounder,
hull-mounted transducer on McKim & Creed’s twenty-five (25) foot survey vessel, the S/V
Cawood. To maintain the vessel navigation along the profile lines, HYPACK navigation
software was used.

These soundings were reduced to 9’ spacing, sufficient to provide a smooth and accurate
depiction of the seafloor.

Data was digitally stored using HYPACK 2023 Software. An Applanix POSMV Inertia
Navigation System onboard the survey vessel provided pitch, roll, heave, and tide
corrections. Bar checks were performed daily and as needed to check and calibrate the
system. Tide verifications, echosounder checks, and sound velocity results are presented
in the tables presented below.
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The AML sound velocity profiler was used to measure the sound velocity along the water
column, with casts performed inside the project area. Bar-checks were performed from a
depth of five (5) feet to a depth of at least twenty-five (25) feet. Offshore data was collected
within 2 (two) days of onshore data collection for each line.

Phase 4-Data Processing/Submittals

Upon completion of the field work, data was edited using Trimble Business Center, and
HYPACK 2023. The upland and nearshore portions of the beach profile were viewed and
edited in Trimble Business Center to provide the required comma delimited XYZ file. The
raw bathymetry digital data was viewed and edited in HYPACK Single Beam Editor. The
collected tide data was compared to NOAA measured water levels using NOAA Tide
Stations 8651370 (Duck, NC) and 8652587 (Oregon Inlet, NC). Tide corrected offshore
data was exported and included into a comma delimited XYZ file. All overlapping profile
data was reviewed in the cross sections to ensure system accuracy. The edited beach
profile data and offshore profile data were merged to create a representative profile for
each station. The final plots were edited and reviewed with comparisons to previous years;
discrepancies were noted and resolved. The profiles were developed using HYPACK Cross-
section and Volumes software. Profiles are presented in PDF format with the digital files
accompanying this report.

Map Preparation

Upon completion of the surveys and data reduction, the plan view map was prepared in
Autodesk Civil 3D. Elevations are displayed in NAVD88 and are spaced at 75’ for better
visualization. Dare County GIS parcel lines were used for background reference.

Ground Digital Photography

A total of two (2) digital photos were taken at a mid-beach location at each profile line,
facing Northerly and Westerly directions. Additional photographs were taken as needed.
Digital files are included with the deliverables in .jpeg format. Ground Photography is
presented in digital format with files accompanying this report.
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Control and GNSS Quality Checks

All Control Monuments provided by the client are shown in Table 1. Monuments utilized
for survey control were found to be in good condition.

NAG'S HEAD, NC - Control Status
UNITS: US Survey Feet

Station Easting Northing | Elevation Status Comment
T 168 2993941.37 827213.86 10.57 Found Recovered as Described
W 168 (BM 72) 3005850.14 806503.64 7.53 Found Recovered as Described
CAHA 2 3007349.70 801455.42 4.20 Found Recovered as Described
F 255 3018120.00 778913.91 2.78 Found Recovery Drawing in Notes
EDEN 3009247.87 799346.34 32.66 Not Found Under House
BREW 2997818.79 823218.51 16.93 Not Found Missing
LOGGERHEAD 3001986.83 814705.66 15.49 Not Found Missing
BROOKE 3020429.10 774768.51 19.38 Not Found Missing

TABLE 1 - CONTROL PROVIDED BY CLIENT

Using RTK GNSS, a 3-minute observation was performed on all monuments. Results of
control measurements are presented in Table 2.

RTK GNSS 3-Minute Observations
Measured Values - June 2024
UNITS: US Survey Feet
Station Easting Northing Elevation
T 168 2993941.37 827213.86 10.39
T 168 2993941.37 827213.89 10.34
T 168 2993941.34 827213.87 10.33
T 168 2993941.31 827213.89 10.28
T 168 2993941.30 827213.88 10.28
W 168 3005850.15 806503.71 7.42
CAHA 2 | 3007349.67 801455.52 4.05
CAHA 2 | 3007349.62 801455.51 4.12
F255 3018119.99 778913.88 2.71
F255 3018120.00 778913.90 2.78
F255 3018119.95 778913.99 2.75
F255 3018119.93 778914.00 2.79

TABLE 2 - 3-MINUTE GNSS OBSERVATIONS
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The provided control data was compared to the measurements from the surveyed 3-
minute observations, the variations (delta values) are presented in Table 3.

Variations
Provided values vs. Measured Values
Station | Easting Var. Northing Var. Elevation Var.
T 168 0.00 -0.01 -0.18
T 168 0.00 0.03 -0.23
T 168 -0.04 0.01 -0.24
T 168 -0.06 0.03 -0.29
T 168 -0.07 0.02 -0.29
W 168 0.01 0.07 -0.11
CAHA 2 -0.03 0.10 -0.15
CAHA 2 -0.08 0.09 -0.08
F255 -0.01 -0.03 -0.07
F255 0.00 -0.01 0.00
F255 -0.05 0.08 -0.03
F255 -0.07 0.09 0.01

TABLE 3 - VARIATIONS FROM PROVIDED CONTROLS TO RTK GNNS MEASUREMENTS

Control checks were performed at the beginning and end of each survey day.
Measurements are compared to the client provided control or results from an average of
the 3-minute observations performed on TBMS. Inverses are presented in table 4 and table

5.

Beginning of Survey Day End of Survey Day

TRIMBLE R8/TSC5 - UNIT: HYDRO 1 TRIMBLE R8/TSC5 - UNIT: HYDRO 1

. A A .

. Slauan Horizontal |Vertical Date Station Horionntal Ver?ical
6/18/2024 | T 168 0.10 -0.05 6/18/2024 T 168 0.11 0.05
6/19/2024 | T 168 0.13 0.04 6/19/2024 T 168 0.10 -0.06
6/20/2024 | CAHA 2 0.13 -0.08 6/20/2024 | CAHA 2 0.15 -0.08
6/20/2024 | F 255 0.14 -0.14 6/20/2024 F 255 0.15 0.04
6/21/2024 | T 168 0.10 0.03 6/21/2024 T 168 0.08 -0.01
6/23/2024 | CAHA 2 0.13 -0.08 6/23/2024 | CAHA 2 0.09 0.03
6/25/2024 | F 255 0.10 -0.05 6/25/2024 F 255 0.12 -0.06
7/30/2024 | F 255 0.08 0.02 7/30/2024 F 255 0.07 -0.09
7/31/2024 | F 255 0.09 -0.01 7/31/2024 F 255 0.09 -0.03

TABLE 4 - RESULTS OF DAILY CONTROL CHECKS
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Beginning of Survey Day End of Survey Day
TRIMBLE R8/TSC5 - UNIT: HYDRO 2 TRIMBLE R8/TSC5 - UNIT: HYDRO 2
. A A q A A
DETE SE Horizontal | Vertical DETLS SIE Horizontal | Vertical

6/18/2024 T 168 0.11 -0.04 6/18/2024 T 168 0.10 0.02
6/19/2024 T 168 0.15 -0.06 6/19/2024 T 168 0.11 0.08
6/20/2024 | CAHA 2 0.13 0.10 6/20/2024 | CAHA 2 0.15 0.11
6/20/2024 F255 0.17 -0.01 6/20/2024 F255 0.16 -0.04
6/21/2024 T168 0.07 0.04 6/21/2024 T 168 0.10 -0.01
6/22/2024 | CAHA 2 0.15 -0.04 6/22/2024 | CAHA 2 0.10 -0.01
6/23/2024 | CAHA 2 0.14 0.10 6/23/2024 | CAHA 2 0.10 0.06
6/24/2024 F 255 0.17 -0.04 6/24/2024 F 255 0.04 0.16
6/25/2024 F 255 0.18 0.02 6/25/2024 F 255 0.17 -0.11

TABLE 5 - RESULTS OF DAILY CONTROL CHECKS

VESSEL CALIBRATIONS

The Survey Vessel Cawood (a 25’ Safe Boat) was used for this survey. Offsets were
measured and calculated on May 28, 2024.

Daily vessel calibration verifications were performed in the survey area with values
presented in table 6, table 7, and table 8.

Daily Tide Checks
Date R8s Elevation (Ft) Hypack Corr.(Ft)
6/18/2024 -0.18 0.17
6/22/2024 0.32 -0.36
6/23/2024 0.61 0.71
6/24/2024 0.76 -0.73
6/25/2024 -0.37 0.30
6/26/2024 0.84 -0.84
7/30/2024 0.23 -0.22
TABLE 6-DAILY TIDE CHECKS
Daily Bar Checks
Date Confirmed Depths (ft)
6/18/2024 5,10, 15, 20 *
6/22/2024 5,10, 15, 20, 25, 30
6/23/2024 5,10, 15, 20, 25
6/24/2024 5,10, 15, 20, 25
6/25/2024 5, 10, 15, 20, 25, 30
6/26/2024 5,10,15*
7/30/2024 5,10,15*

*DEEPER CHECKS IMPOSSIBLE DUE TO ROUGH SEA

TABLE 7-DAILY BAR CHECKS
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Daily Sound Velocity Checks

Date Average (ft/sec)
6/18/2024 4963.5
6/22/2024 4950
6/23/2024 4958
6/24/2024 5012.5
6/25/2024 4979.5
6/26/2024 4996
7/30/2024 4974

TABLE 8-DAILY SOUND VELOCITY

List of Equipment Used

Below is a summary list of equipment utilized for the survey for data collection,
processing, and deliverables.

- 25’ Safe Boat S/V Cawood

- Teledyne ECHOTRAC E20 transducer 200 kHz

- Applanix Pos-MV Inertia Navigation System I2NS

- Sound Velocity Profiler AML CTD Base X Profiler

- Hypack 2023 for hydrographic data collection and processing (23.2.2.0)

- Trimble R8 GNSS Receivers/ TSC3 data collectors Trimble Access (23.002.12)
- Trimble R10 GNSS Receivers/ TSC5 data collectors Trimble Access (23.00.212)
- Trimble Business Center (2023.11)

- AutoCAD Civil 3D 2020.5.1 Update (13.2.3093.0)
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Appendix A

Cape Hatteras National Seashore Signed Permit

SCIENTIFIC RESEARCH AND Study#: CAHA-DI184
COLLECTING PERMIT Permitd: CAHA-2024-SC1-0013
Cirants permussion i accordance with the sttached Start Date: Jun 18, 2024
S general and special conditions Expiration Date: Dec 31, 2024
R | United States Department of the Interior Coop Agreements:
Natiomil Park Service Opitional Park Code:
Cage Hatteras

Mame ol principal investhzator:

MName:Mr David Ryan Flae: 2524416221 Email:david ryaniidnagshendne gov

Mame of institulion represented:
Town of Mags Head
Aulditbonal investigators or key feld assistanis:
Name: Andy Garman Phone: 252 4492006
MName: Jared Lasmbert Phone: 336263 8128
MName: Davad Ryvan Phone: 352441 6221

Study Title:
Town of Mags Head Annual Beach Monionng Plan

Email: andy_ garmani@nagsheadne gov
Email: JLamberid mekimereed com
Emuil: david rvanir nagsheadne gov

Purpose of stady:
T eonduct annual d:‘j.- sand beach, nearshore, and offshone sirvyys 1o initor e condition of beach nowrshment sand volumes in
accordance with the Town Beach Mamtenance and Momitoring Plan to maintam eligability for FEMA Public Assistance Funding
SubjectDiscipline:
Coastal / Manne Systems

Loscatboas suthorized:
The survey activities ane planned 1o begin at the southern corporate lmits of the Town of Mags Head and extiend through to the noeth
side of Onegon Indet along the Cape Hatteras National Seashore

Transpariation method to research site(s):
Land access will oceur via a 454 packup truck or & sude by sede (Kawasaks Mule) for traversing the dry sand beach. Water access will
b conduseted via a single 22 o 387 survey vessel and utilized for hydrographie surveys.

Callection of the following specimens or materials, quantities, and any limitatbns on collecting:

Name of repository for specimens or sample materials iCapplicable:
NP5 General Conditions for Scientific Research and Collecting Permit (available at the RPRS HELFP page) apply to this permit.
The following specific conditions or restrictions, and any attached conditions, also apply to this permin:

PROJECT SPECIFIC COMDITIONS

(1) Prioe to conducting surveys within CAHA, the P1 shall contact Bodie [sland Supervisory Budogical Technician Paol Doshkov
(232-305- 1048, paul doshkovidnps gov) at least 24 hours prior to the achual survey a8 a notice of intenl

(2} The survey team shall not enter any Resource Protection Areas (RPA) maialled on Bodse Island Spit for the protection of nesting
shorcbards. If the team sieeks to survey the shorelise within the closed arca they must contact Bodie [sland Supervisory Brelogical
Techmician Paul Doshkov (252-305- 148, paul doshkovi@nps.gov) to assess feasibility of the survey.

PARK SPECIFIC CONDITIONS

(1) Only minor hand trimming of shrubs and trees or mowmg of grasses m order 1o allow socess o data collection sates when
vegetation i mmpenetrable otherwise is authorized. Complete removable of entire vegetation 15 not allowed,

(23 IF feld work is proposed for a historie anea | property listed or eligible for lstine on the National Register or as a Matnonal Historic
Landmark, a historic distnct, or a lustone strocture ), the activities are reviewed to ensure there will be mo effect on the historc

resource. The Cultural Program Manager will be contacted Tos any proposed work i historic areas.

(1) In the event that buman remains ane discovered during research activities, all work on the propect must stop and the Cualural

Pering: CAHA-2Z-5C1-0013 - Pige Lol 7
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Program Manager (232-4735-0463) contacted immediately. As required by law, the coroner will be notified first. All provisions
outlined in the Native American Graves Protection and Repatriation Act (1990) will be followed.

14) Archeological excavation will require an ARPA permit and related documents prior 1o beginning of activities.

%) Researchers who perform research during periods of darkness (bat surveys, ete.) must follow project-specific mitigation. Guidance
will be applied on a case-by-case basis to enbance researcher safety, resource protection, and reduse impacts 1o visilor expernienes.

(6] Mo species collected from outside the park is permitted o be mtroduced or reintroduced into the park.
(7) Any commercial or for-profit activity is probubited without the express permission of the Supenntendent of the Outer Banks Group.

18) All research staff muost adhere 1o all condinons of research and collection permat. Field staff must possess a copy of the permit at all
tirmes while in the field

19) All general park regulations must be followed, unless a specific exemption was granted by the Chief of Resource Management. All
comnditions listed in the Mational Park Service, General Conditions for Scientific Research and Collecting Permit, and any project-
specific Research Permit Condinons must be followed unless an exemption was granted.

(10} As mandated by Cape Hatteras National Seashore’s Off-Boad Vehicle (ORY) Management Plan, everyone dnving on the bech at
the Seashore i required to have a beach drving permit, meluding those operating under a NPS research permil. In the event a
researcher noeds to drive an ORY on the beach for research, the park will provide this permit to them free of charge. To obtain an
ORV permit, they must stop by NPS Headguarters in Manteo, NC when they arrive and present a valid driver's license, vehicle
registration, and your current reseanch permit. After watching a onentation video, staff will provide them with a emporary voucher. If
they will be making multiple visits to the Seashore throughour the year, they will need to stop by an office sach tme to pack up a new
temporary voucher, though they will not be required o go through the orientation again.

(11} Permission to enter closed or restricted aneas may be granted to select researchers that meet certain criteria. Examples of restricted
areas include most servies roads, shorehind nesting areas and sea torle nesting areas. I exemplions are granted, mitigation for entering
cloded aress may melude restriction to party size, period of entry, or date's of entry (36 CFR 1.5 (a)}(2))L

(12) Any research activities proposed to impact state species of concem requires consultation with NC Wildlife Resources
Commission and MC National Heritage Program.

(13) Equiprment installed and left in the field (e.g. plot markers, seismic equipment, dataloggers) must be placed in a way that will
reduce or eliminate public view of the equipment. Unless explicitly permitted to remain, all equipment deployed in the field must be
retrieved by the researcher.

(14) Any collecting or research that will result in permanent changes or degradation of habitar is prohibited. Researchers must follow
Leave No Trace ethics when conducting research in the park. Access trails shall be brushed in: matural contours shall be reestablished,
soil scarified and mubched with native leaf lier.

(15) If researchers propose the collection of vegetation, sampling amounts are approved and evaluated on a case-by-case basis.
Mitigation may be required. If the collection of plant matenal s proposed, the Research Coordinator will consult with the BM staff 1o
corfirm there 15 no potential impact on listed species or species of concerm. Mlant surveys may need to be completed before any
collection or ground disturbance can occur.

(1) If authorized to collect sediment or vegetation samples, reseanchers must take samples from aneas out of public view. They may
nod sample adjacent to roads, trails, ramps, pullowts or other visible areas. Where possible, researchers are asked 1o rehab collection
site(s]) 1o make them look matural. To avesd visstor reports of illegal collecting, spacimens must be carried inside packs afer sampling.

(1T} Unless otherwise authonzed, all research activities must be conducted out of the public view. Exemptions may be granted if the
researcher demonstrates that the work cannot occur at another location and if impacts 1o visitor expenence are negligable. Project-
specific mitigation (such as wearing orange vests, displaying placards, working with NPS staff, working while park is closed. ete) will
b pecommended.

(18) Approval to conduct social science surveys is contingent on the approval of the investigators' university Human Subjects
Committee. Social science surveys may not unduly impact visitor experience. Conditions of approval include submission of speafic
staging locations, specific study dates, number of visitors to be contacted, and submission of the approach serpt and survey for pre-
approval. Social science surveys may be sent to the NPS Social Science Program staff for peer review. Park or government-sponsoned
surveys may be subgect to OMB approval. Research coordinator should consult with Chaef of Interpretation for appropriate locations to
conduct socal seience surveys.

Perpnan: CAHA-2024-5C1001 3 - Page 2ol 7
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(19) Any project or activity must avoid altering stream flow characteristics, affecting a watershed, wetland or floodplain.

(200 Mosx animal handling is subject to the Animal Welfare Act and requines the review of an imstitution's Animal Care and Use
Committee (LACUC), researchers must submat proof of [ACUC approval for consaderation. Researchers ane required 1o submit an
animal capture and handling plan for any wildlifie handling propesal. This plan should include at minimum emergency contacts,
employee medical response procedures, anamal physiological nomms and drug use protocol, processing procedure, and euthanasia
procedure. The Resource Management staff wall determine an acceptable level of mortality and consultation with wildlife specialists;
if this level 15 exceeded the researcher must stop capiure work and notify the park. A capure evaluation will oecuar, after which the
park may allow continwed capture work or require the researcher o cease operalions.

CONDITIONS SUBJECT T ALL NATIONAL PARK SERVICE RESEARCH PERMITS

(1) Authority - The permittee is granted privileges covensd under this permit subject to the supervision of the superintendent or a
designes, and shall comply with all applicable laws and regulations of the Natiomal Park System area and other federal and state laws.
A Mantonal Park Service (NPS) representative may accompany the permitiee in the field w ensure compliance with regulations.

(2) Responsibality - The permittee is responsible for ensuring that all persons working on the propect adbhen: to permit conditions and
applicable NPS regulations.

(3) False information - The permittee 15 prohibited from giving false information that is used to ssue this permil. To do so will be
comsidersd a breach of conditions and be grounds for revocation of this permit and other applicable penalties.

(4) Assignment - This permit may not be ransferred or assigned. Additional investigators and field assistants ane to be coordinated by
the personfs) named n the permit and should carry a copy of the permit while they are working in the park. The principal investigator
shall notify the park's Research and Collecting Permat Office when there are desired changes i the approved study protocols or
methods, changes in the affiliation or status of the principal investigator, or modification of the name of any project member.

(%) Revocation - This permit may be terminated for beeach of any condition. The permittee may consult with the appropriate NP5
Regional Science Advisor to clanfy ssues resulting i a revoked permit and the potential for remstatement by the park supenntendent
or a designes.

(6] Collection of specimens {including materials) - Mo specimens (including materials) may be collected unless authorized on the
Saentific Research and Collecting permit.

The general conditions for specimen collections are:

- Collection of archeological materials without a valid Federal Archeology Permit is prohabitiad.

- Collection of fiaderally listed threatened or endangered species without a valid U.S. Fish and Wildlife Service endangered species
permil 15 prohibited.

- Collection methods shall not attrsct undue attention or canse unapproved damage, depletion, or disturbanes 1o the environment and
other park resounces, such a3 historic sites.

- Mew spocimens must be reported to the NPS annually or more frequently if required by the park issuing the permit. Minimum
information for annual reporting includes specimen classification, number of specimens collected, location collected, specimen status
(e, herbarium sheet, preserved i alcohol formalin, tanned and mounted. dned and boxed, ete. ), and current locaton.

- Collected specimens that are not consumed i analysis or discarded after scientific analysis remain federal property. The NPS
reserves the nght o designate the repositories of all specimens removed from the park and to approve or restrict reassignment of
specimens from one repository 1o another. Because specimens are Federal property, they shall not be destroved or discarded without
prior WPS authorization.

- Each specimen (or groups of specimens labeled as a group) that is retained permanently must bear NPS labels and must be
accessiomed and cataloged in the WPS Natiomal Catalog. Unless exempied by additional park-specific stpulations, the permimee will
complete the labels and catalog records and will provide acoession information. It is the permitiee”s responsibility to contact the park
for cataloging mstructions and specimen labels as well as instructions on repository designation for the specimens.

- Collectad specimens may be used for scientific or educatonal purposes only, and shall be dedicatad 1o public benefit and be
accesaible to the public in accordance with NPS policies and procedures.

- Any specimens collected under this permit, any components of any specimens (including but not limited 1o nateral organisms,
enzymes or other bisactive molecules, genetic matenials, or seeds), and research results derived from collected specimens are 1o be
wsed for scentific or educational purposes only, and may not be wed for commercial or other revenue-generating purposes unless the
permittes has entered into a Cooperative Rescarch And Development Agreement (CRADA) or other approved benefit-sharing
agreement with the NPS. The sale of collected research specimens or other unauthorized transfers to third parties is prohibited.
Furthermaore, if the perminee sells or otherwise transfers collected specimens, any components thereof, or any products or research
results developed from such specimens or their components without a CRADA or other approved benefit-sharing agreement with NS,
permittes will pay the NPS a royalty rate of twenty percent (20%) of gross revenue from such sales or other revenues. In addition 1o
such royalty, the NPS may seek other damages 1o which the NPS may be entitled inclading but not limited to injunctive relief against
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the permitiec.

(T) Reports - The permanies is required 1o submit an Investigator's Annual Repornt and copes of final reports, publications, amd other
materials resulting froin the study. Instruetions foe bow and when o submit an annoal report will be provided by MPS saff. Padk
research coordmators will analyze study proposals to determine whether copies of field notes, databases. maps, photos, amd'or other
materals may also be requested. The perminee 18 responsible Tor the content of reports and data provided 1o the National Park
Service.

(&) Comfidentiality - The permittee agrees 1o keep the specific location of sensitive park resources confidential. Semsitive resourves
melude thretened species, endangered species, amd rare species, archeological sites, caves, fossal sites, manerals, commencially
valuable resources, and sacred ceremonial sites.

() Methods of travel - Travel withimn the park i3 restricted 1w oaly those methods that are available 10 the general publc unless
otherwise specifiad in additional stipulations associated with this permat.

(10} Other permits - The permattice must obtain all other required permitia) to conduet the spectfied project.

(11} Inswrance - I lability insurance s required by the NPS for this project, then docomentation must be provided that o has been
obianed end is current m all respects before this penmit 1= consadenad valad.

(12) Mechanized equapment - No use of mechanized equipment o designated, proposed, or potenitial wibderess ansis i3 allowed
unless authorized by the supenntendent or & designes in additional specific conditons associated with thas permit.

[13) NPS partscipation - The permittee should nof anticipate assistance from the NPS unless specific arranpements are made and
documented in either an additional stipolarion smached o this permit or in other separate Wrilten agnecrents_

(14) Permanent markers and field equipment - The permities i@ required to remove all markers or equipment from the Geld after the
completion of the study or prior 1o the expiration date of thas permit. The superintendent or a designee may modify this requorensent
through addiional park specific conditions that may be attached 1o this permir. Additional conditions reganding the positioning and
identification of madoers and field equipment may be igsped by staff ar mdividual parks.

(15) Aceess to park and restricted arcas - Approval for any activity 5 contingent on the park bang open and staffed for required
operalions. Mo entry mio restricled aress i allowed unless authorized m additional park specific stipulations attached to ths permil

(L&) Notification - The permiftee 18 required to contact the park®s Research and Colbectmg Permin Office {or other offices. if indicated
i the stipulations associated with this permit) prios to inftiating any Geldwok authonzed by this permir. Ldeally this contact should
occur at least one week prios to the mitial visit 1o the park.

{17) Expiration date - Permats expire on the date listed. Mothing in this permit shall be constroed as granting any exclosive reseanch
pri.‘.-:h:gts or aulomatss ri:glll o continue, extend, or renew thas or any othir line of research under new pu'mil.[s_l.

(18} Oeher supulations - Thas permit includes by refensnce all supulations hsted i the application malenals or i additional
attachments to this peemit provided by the superintendent or a designee. Breach of any of the terms of this permat will be grounds for
revocation of this permar and denal of fulure permits,

Summary of permitted feld methods and activities:
provade land based surveys using Trimble RER10 dual frequency GNSS receivers begimning at the landward toe of the Primary Dune
and extend oul 1o the surf 2one at wading depih (wading wall oceur at low tude). Land survey crews will have survey-grade GNSS
receivers mounted on fived beight rover poles that are equipped with topo shoes (flat rod tips that do not gink into the sand). The dam
collestons are clamped onto the pole; the systems is lightweght and ideal for one persen. To move up and down the beach efficiently,
sidie by side utility vehicles (Kawasaks Mule) will be wed. Crew trocks are painted with the Mekim and Creed company logo, field
crews wear highly visible orange/'vellow shins and vests. Hydrographic surveys will collect data from -30 ft NAVDER w the susf 2one
(during high tide cycle) o achieve overlapping data as weatherfsea conditions allow. Our survey vessels range from 22 1o 287 in length
amd are equipped with merial navigatims systems that mchude survey grade dual frequency sonar, IMU, VRS RTE GMSS and sound
velocity probes, all of which compensate for heave, pitch, roll, heading and the spesd of sound, to caloulate positson and depth.

Recommended by park staffname and ey MEAGHAN [Z5752  Reviewed by Collections Manager:
JOHNSON i _ ¥io

Approved by park olficial: Ihite Approved:

Perind! CAHA-2N2-5C1-000 3 - Pagie 4l 7
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Cagreal by ugned by BOSN

ROBIN SNYDER s

Coatwe 2004 0006 08-31- 1% -D4r00°

Title:
Depury Superintendent

1 Agree To All Conditions And Restrictions OF this Permit As Specified
(Mot valid unless :.igr.u.'lJ and dated |:|_'|- the pu'i.ru:ipu] in'n.'ﬂ:igatm'l

{Principal investigator's signaturne) (Date)y

THIS PERMIT AND ATTACHED CONIMTIONS AND RESTRICTIONS MUST BE CARRIED AT ALL TIMES WHILE
CONDUCTING RESEARCH ACTIVITIES IN THE DESIGNATED PARK(S)

Perrna: CAHA-2024-5C1-000 3 - Page S0l 7
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= GENERAL CONDITIONS

— For
orase | SCIENTIFIC RESEARCH AND COLLECTING
2 | PERMIT

United States Department of the Interior
Mational Fark Service

I Autharity - The permitice is granted privileges covered under this permit subject to the supervision of the superintendent or a designee,
and shall comply with all applicable laws and regulations of the Mational Park System area and other federal and state laws. A National
Park Service (NPS) representative may accompany the permittee in the ficld to ensure compliance with regulations.

2. Responsibility - The permiftee is responsible for ensuning that all persons working on the project adhere to permit conditions and
applicable NPS regulations.

3. False information - The permittee is prohibited from giving false information that is used to issue this permit. To do so will be
considered a breach of conditions and be grounds for revocation of this permit and other applicable penalties.

4. Assignment - This permit may not be transferred or assigned. Additional investigators and field assistants are to be coordinated by the
personi s named mn the permit and shoold carry a copy of the permit while they are working in the park. The principal investigator shall
notify the park's Research and Collecting Peomit Office when there are desired changes in the approved study protocols or methods,
changes in the affibation or status of the principal mvestigator. or modification of the name of any project member.

5. Revocation - This permit may be termingted for breach of any condition. The permittec may consult with the appropriate NPS Regional
Science Advisor to clanify issues resulting in a revoked permit and the potential for reinstaternent by the park superintendent or a designee.

6. Collection of specimens (including materials) - No specimens {incleding materials) may be collected unless authorized on the
Scientific Research and Collecting permit.

The general conditions for specimen collections are:

* Collection of archeological materials without a valid Federal Archeology Permit is prohibited.

* Collection of federally listed threatened or endangered species without 2 valid U5, Fish and Wildlife Service endangered species permit
15 prohibited.

* Collection methods shall not attract unduwe attention or canse unspproved damage, depletion, or disturbance o the environment and other
park resources, such as historic sites.

* Mew specimens must be reported to the NPS annoally or more frequently if required by the park issuing the permit. Minimum information
for annual reporting mcludes specimen classification, number of specimens collected. location collected, specimen status{e.g., herbarium
sheet, preserved in alcobol / formalin, tanned and mounted, dried and boxed, ete.), and current location.

* Collected specimens that are not consumed n analysis or discarded after scientific analysis remain federal propenty. The NPS reserves the
right to designate the repositories of all specimens removed from the park and to approve or restrict regssignment of specimens from one
repository to another. Because specimens are Federal property, they shall not be destroved or discarded without prior NPS authonzation.

+ Each specimen {or groups of specimens labeled as a group) that is retained permanently must bear NPS labels and must be accessioned
and cataloged in the NP5 National Catalog. Unless exempted by additional park - specific stipulations, the permittee will complete the
Izbels and catalog records and will provide accession information_ It is the permittee’s responsibility to contact the park for cataloging
mstructions and specimen labels as well as instructions on repository designation for the speoimens.

* Collected specimens may be used for scientific or educational purposes only, and shall be dedicated to public benefit and be accessible to
the public in sccordance with NP5 policies and procedures.

* Any specimens collected under this permit, any components of any specimens (including but not limited to natural organisms. enzymes
or other bioactive molecules, genetic materials, or seeds), and rescarch results derived from collected specimens are to be used for

Permit: CAHA2024=5C[-0013 = Page fof 7
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scientific or educational purposes enly, and may not be used for commercial or other revenue - generating purpeses unless the permittee
has entered into a Cooperative Research And Development Agreement{CRADA) or other approved benefit - sharing agreement with the
MPS.The sale of collected research specimens or other unauthonzed transfers to third parties 1s prolubited. Furthermore, if the permittes
sells or otherwise transfers collected specimens, any components thereof, or any products or research results developed from such
specimens or their components without a CRADA or other approved benefit-sharing agreement with NFS, permittee will pay the NPS a
rovalty rate of twenty percent(20 %%) of gross revenue from such sales or other revenues. In addition to such royalty, the NPS may seek
other damages to which the NPS may be entitled including but not limited to injunctive relief against the permittee.

7. Reports - - The permittes is required to submit an Investigator's Annual Report and copies of final reports, publications, and other
materials resulting from the study. Instructions for how and when to submit an annual report will be provided by NPS staff. Park research
coordinators will analyze study proposals to determine whether copies of field notes, databases. maps, photos, and / or other materials may
also be requested The permittee is responsible for the content of reponts and data provided to the National Park Service

#. Confidentiality - - The permittee agrees to keep the specific location of sensitive park resources confidential. Sensitive resources
include threatened species, endangered species, and rare species, archeological sites, caves, fossil sites, minerals, commercially valuable
resources, and sacred ceremaonial sites.

4. Methods of travel - Travel within the park 1s restricted to only those methods that are available to the general public unless otherwise
specified in additional stipulations associated with this permit.

10 Other permits - The permittee must obtain all other required pemutis) to conduct the specified project.

11. Insurance - If Liability msurance 15 required by the NPS for this project. then documentation must be provided that it has been obtained
and 1s cumrent in all respects before this permit is considered valid.

12. Mechanized equipment - No use of mechanized equipment in designated, proposed, or potential wilderness areas 15 allowed unless
authorized by the superintendent or a designee in additional specific conditions associated with this permit.

13. NPS participation - The permittee should not anticipate assistance from the NPS unless specific arrangements are made and
documented mn cither an additional stipulation attached to this permit or in other scparate written agrecments.

14. Permanent markers and field equipment - The permittes is required to remove all markers or equipment from the field after the
completion of the study or prior to the expiration date of this permit. The superintendent or a designee may modify this requirement
through additional park specific conditions that may be attached to this permit. Additional conditions regarding the positioning and
identification of markers and field equipment may be issued by staff at individual parks.

15. Access to park and restricted areas - Approval for any activity is contingent on the park being open and staffed for required
operations. Mo entry into restricted areas is allowed unless authorized in additional park specific stipulations atteched to this permit.

16. Notification - The permittee is required to contact the park’s Research and Collecting Permit Office (or other offices if indicated in the
stipulations associated with this permit) prior to initiating any fieldwork authorized by this permit Ideally this contact should cccur at least
one week prior to the initial visit to the park.

17. Expiration date - Permits expire on the date listed. Mothing in this permit shall be construed as granting any exclusive research

privileges or automatic right to continue, extend. or renew this or any other line of research under new permit(s).

18, Other stipnlations - This permit includes by reference all stipulations listed in the application materials or in additional attachments to
this permit provided by the superintendent or a designee. Breach of any of the terms of this permit will be grounds for revocation of this
permit and denial of future permits.

Permit: CAHA2024-5C1-0003 - Page Taf 7
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[, David L. Jones Jr., NC-PLS L-3672, certify that this project was completed under my direct and
responsible charge from an actual survey made under my supervision; that this hydrographic
and topographic survey was performed at the 95% percent confidence level to meet Federal
Geographic Data Committee Standards; that this survey was performed to meet the
requirements for a topographic/planimetric survey to the accuracy of Class III and vertical
accuracy to the Class Il standard, and that the original data was obtained on 11 June 2023; 01
July 2023; and all coordinates are based on North Carolina State Plane Coordinates (NAD83

2011) and all elevations are based on North American Vertical Datum of 1988 (NAVD88).
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N\ C R

M% g

D,ZS'ID L. JONES, JR.

PROFESSIONAL LAND SURVEYOR L-3672 /’///,,f) ﬁf‘(\\\\‘
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INTRODUCTION

General scope of work
The work under the Task Order shall consist of performing topographic and hydrographic
surveys along 174 beach profile lines in the City of Nags Head.

Survey area
The study area starts on the North between the Town of Nags Head and Kill Devil Hills and ends
South at Oregon Inlet. This area has total linear distance of approximately 18 statute miles.

Planning

On June 5th, 2023, McKim & Creed Field Manager held a meeting with field and office crews to
discuss the scope of work entailing the 173 beach monitoring profiles survey to be conducted in
Dare County, North Carolina. In the two weeks prior to the meeting, preparations started to get
the boat ready, arrange accommodations, create HYPACK project, gather control point
information, line files, etc.

FIELD METHODOLOGY

The surveys were conducted in accordance with the Minimum Performance Standards for the
U.S. Army Corps of Engineers (USACE), Engineering and Design Hydrographic Surveying Manual
(EM 1110-2-1003).

This survey is in accordance with Chapter 56.1606 of the North Carolina Administrative Code
(NCAC) specifications established by The North Carolina Engineering and Land Surveying Act
(GS89(). In addition, all hydrographic surveying was conducted under the direct supervision of
an NSPS-THSOA Certified Hydrographer (CH). Included in the deliverables are 61 cross-section
profiles; one (1) plan view map; ground photos in .jpeg; one processed easting, northing, and
elevation (xyz) in ASCII file format; and field notes. The plan view maps show reduced true
position elevation data collected during the survey, and the location of published control
monuments.

Vertical data was collected in the North American Vertical Datum of 1988 (NAVD88) using
geoid 18. All Horizontal data is provided in the North Carolina State Plane Coordinate System,
North American Datum (NAD) of 1983(2011).
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The field survey and data collection activities encompassed four (4) phases. Brief descriptions
of each survey phase, including methodologies and quality control/quality assurance
procedures, are described below.

Control Reconnaissance/Establishment/Verification

Prior to surveying beach profiles, reconnaissance of the monuments was conducted to confirm
that survey control was in place and undisturbed. Real Time Kinematic Global Positioning
System (RTK GNSS) was used within the North Carolina virtual reference station (NCVRS)
network to locate and confirm survey control for this project using a 3-minute observation at
each monument (Table 1,2, and 3). The horizontal and vertical accuracy of control data meets
the accuracy requirements as set forth in the Engineering and Design Hydrographic Surveying
Manual (EM 1110-2-1003). To achieve required accuracy, the surveys were controlled using
2nd order monuments, specifically W 168 and CAHA 2, both from the National Geodetic Survey
(NGS) (Datasheets can be found in appendix A). Horizontal and vertical positioning checks were
conducted at the beginning and end of each day using at least two 2nd order monuments in the
project area. The control check shots were acquired using a minimum of five (5) epochs which
results in a high accuracy location (Tables 7 and 8).

Beach Profiles

Upon completion of the control reconnaissance survey, beach/upland and nearshore operations
were initiated. Cross-sections of the beach in the project area were surveyed using extended
rod RTK GNSS rovers, and standard RTK GNSS rovers. Extended rod RTK GNSS rovers were
used to augment RTK GNSS survey capability into the nearshore.

Profiles commenced from the baseline and extended seaward overlapping the nearshore/wade
data. Nearshore portions of the profiles were surveyed by two (2) surveyors with an Extended
Rod Trimble R8 or R10 RTK GNSS rovers who entered the water wearing Personal Floatation
Devices (PFD). The nearshore survey extended seaward to a point overlapping the offshore
portion of the profiles.

Elevations were taken at a maximum of twenty-five (25) foot intervals along each profile line
and at all grade breaks. To maintain online accuracy, surveyors utilized the RTK GNSS feature
stakeout point. Stakeout point allows surveyors to maintain the profile azimuth without relying
on a survey lathe or conventional compass bearings.
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Nearshore/Offshore Profiles

The Nearshore/Offshore profiles were conducted at each required profile station. The profiles
were obtained 2,500 feet beyond the shoreline or to the -30 NAVD88 contour, whichever is
more landward. The landward limits of the nearshore profiles were based on a minimum
overlap of fifty (50) feet beyond the seaward extent of beach profiles. Soundings were collected
at 200kHz with an Odom Echotrac E20 single beam echosounder, hull-mounted transducer on
McKim & Creed’s twenty-five (25) foot survey vessel, the S/V Cawood. These soundings were
then reduced to 9’ spacing, sufficient to provide a smooth and accurate depiction of the seafloor.

Data was digitally stored using HYPACK 2022/2023 Software. An Applanix POSMV Inertia
Navigation System was used onboard the survey vessel to provide pitch, roll, heave, and tide
corrections. Tide (Table 4), echosounder (Table 5), sound velocity (Table 6), and bar checks
were performed daily and as needed to check and calibrate the system. To maintain the vessel
navigation along the profile lines, HYPACK navigation software was used.

Data Processing/Submittals

Upon completion of the field work, data was edited using Trimble Business Center, and HYPACK
2022/2023. The upland and nearshore portions of the beach profile were viewed and edited in
Trimble Business Center and a comma delimited XYZ file was created. The raw bathymetry
digital data was viewed and edited in HYPACK Single Beam Editor. The collected tide data was
compared to NOAA measured tide for Duck, NC (NOAA Station ID: 8651370) and corrected as
needed. Tide corrected offshore data was exported and a comma delimited XYZ file was created.
All overlapping profile data was compared in cross section to ensure system accuracy. The
edited beach profile data and offshore profile data were merged to create a representative
cross-section for each profile line. The cross-sections were developed using HYPACK Cross-
section software.

The final plots were edited and reviewed with comparisons to previous years; discrepancies
were noted and resolved. Digital data is provided in the vertical datum NAVD88.

Map Preparation
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Upon completion of the surveys and data reduction, the plan view map was prepared in
Autodesk Civil 3D. Elevations are displayed in NAVD88 and were sorted for display for better
visualization. GIS parcel lines were used for background reference.

FIELD WORK

Control monuments were recovered on June 11t, 2023, and all profile lines were surveyed from
June 11th to July 1st, 2023. The hydrographic survey crew used Oregon Inlet in Nags Head to
access the beach profiles. Below is the timeline for the field work:

DATE ACTIVITIES
06/05/2023 Scope Meeting at the office.
06/10/2023 First mobilization to job site.

Control points were checked into to ensure horizontal and
06/11/2023 vertical tolerances were within standard.

Land - 430+00 to 525+00

Survey was performed on lines:

06/12/2023 Land - 530+00 to 775+00

No hydro or wade was surveyed.

Survey was performed on lines:

06/13/2023 Land - 780+00 to 995+00

No hydro or wade was surveyed.

Survey was performed on lines:

Hydro Nearshore - 977+50 to 1025+00

06/14/2023 Hydro Offshore — 977+50 to 982+50

Land - 997+50 to 1025+00

Wade - 997+50 to 977+50

Survey was performed on lines:

06/15,/2023 Hydro Offshore — 927+50 to 1025+00

Wade - 927+50 to 975+00

No land was surveyed.
06/16/2023 First Demobilization from job site
06/26/2023 Second mobilization to job site
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Survey was performed on lines:

Hydro Nearshore - 1030+00 to 1290+00

06/27/2023 Hydro Offshore - 1280+00 to 1090+00

Land - 1030+00 to 1200+00

No wade was surveyed.

Survey was performed on lines:

Hydro Offshore — 435+00 to 515+00, and 1030+00 to 1240+00
Hydro Nearshore - 430+00 to 515+00

Land - 430+00 to 460+00, 1030+00 to 1070+00, 1140400 to
1270+00

Wade - 1030+00 to 1180+00

06/28/2023

Survey was performed on lines:
Hydro Offshore - 525+00 to 750+00
06/29/2023 Hydro Nearshore - 495+00 to 625+00
Wade - 450+00 to 560+00

No land was surveyed.

Survey was performed on lines:
Hydro Offshore - 925+00 to 755+00
06/30/2023 Hydro Nearshore — 630+00 to 925+00
Wade - 565+00 to 760+00

Land Gap Fills - 435+00 to 495+00
Survey was performed on lines:
07/01/2023 Wade - 770+00 to 922+50

No land or hydro was surveyed

Second demobilization from job site

Special comments:

- Line 872+00 was surveyed instead of line 875+00 due to Jennette’s pier proximity.

- Objectin line for land survey on lines: 440+00, 470+00, 500+00, 520+00, 525+00, 545+00,
555+00, 610+00, 670+00, 700+00, 770+00, 620+00, 625+00, 660+00, 780+00, 880+00,
915+00, 987+50, 245+00, 885+00, 890+00, 945+00, 972+50, 1015+00, 1025+00, 490+00.

- Obstructions for hydro: 1025+00 has wooden jetty on line, 525+00 pier in way of line.
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- Could not locate monuments Loggerhead, Brooke and Eden.

CONTROL
Station Northing Easting Elevation Comment Station Description
BREW 823218.51 2997818.79 16.93 NOT FOUND NOT USED
BROOKE 774768.51 3020429.10 19.38 NOT FOUND NOT USED
EDEN 799346.34 3009247.87 32.66 NOT ACCESSIBLE NOT USED
LOGGERHEAD 814705.66 3009247.87 15.49 NOT FOUND NOT USED
W168 806503.64 3005850.14 7.54 FOUND GOOD CONDITION AS DESCRIBED
CAHA2 801455.42 3007349.70 4.12 FOUND GOOD CONDITION AS DESCRIBED
OUTSIDE OF VERTICAL
U168 816655.22 3000721.01 6.81 FOUND TOLERANCE/NOT USED FOR
CHECKS

Table 1. List of Control Monuments

Using RTK GNSS, a 3-minute observation was performed for all monuments accessible.

Table 2. 3-minute observation values on NGS control monuments.

Station Northing Easting Elevation
w168 806503.65 3005850.17 7.40

CAHA2 801455.44 3007349.71 4.02
U168 816655.23 3000720.98 6.50

Upon comparing the published NGS control monuments values and the data measured in the field,

the variations (deltas) were determined in Table 3.

Table 3. Difference between published and control verification.

Station Northing Easting Elevation
W168 -0.01 -0.03 0.14
CAHA2 -0.02 -0.01 0.10
U168 -0.01 0.03 0.31
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VESSEL CALIBRATIONS

The Survey Vessel Cawood (a 25’ safe boat) was used for this survey. Offsets were measured
and calculated on May 15, 2023.

Daily vessel calibrations were performed in the survey area:

Table 4. Tide Checks

06/14/2023 0.94 -0.95
06/15/2023 0.84 -0.85
06/27/2023 1.25’ -1.23
06/28/2023 0.87 -0.88
06/29/2023 0.62 -0.62
06/30/2023 0.72 -0.72

Table 5. Echosounder Checks using rod reading.

06/14/2023 25,20, 15,10, 5 25,20, 15,10, 5
06/15/2023 6.40 6.41
06/27/2023 6.75 6.70
06/28/2023 5.92 5.95
06/29/2023 7.70 7.60
06/30/2023 7.00 7.10

Table 6. Sound Velocity Values

06/14/2023 4962
06/15/2023 4966
06/27/2023 5003
06/28/2023 4990
06/29/2023 4987

06/30/2023 5000
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GPS CALIBRATION CHECKS

Table 7. GNSS calibration checks for Trimble R8 unit.

06/11/2023 BEGIN U168 0.041 0.293
06/11/2023 END U168 0.026 0.264
06/11/2023 END W168 0.040 0.188
06/11/2023 END CAHA2 0.024 0.096

06/12/2023 BEGIN CAHA2 0.043 0.096
06/12/2023 END W168 0.019 0.089

06/13/2023 BEGIN W168 0.013 0.096
06/13/2023 END W168 0.056 0.103

06/14/2023 BEGIN W168 0.010 0.154
06/14/2023 END W168 0.048 0.159

06/15/2023 BEGIN W168 0.025 0.324
06/15/2023 END W168 0.038 -0.037

06/27/2023 BEGIN CAHA2 0.039 -0.080
06/27/2023 END CAHA2 0.021 -0.088

06/28/2023 BEGIN CAHA2 0.054 -0.027
06/28/2023 END CAHA2 0.093 -0.178

06/29/2023 BEGIN W168 0.006 -0.035
06/29/2023 END W168 0.019 -0.021

06/30/2023 BEGIN W168 0.306 -0.036
06/30/2023 END W168 0.089 -0.034
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Table 8. GNSS calibration checks for Trimble R10 unit.

06/11/2023 BEGIN W168 0.071 0.284
06/11/2023 END W168 0.048 0.190
06/11/2023 END CAHA2 0.029 0.115

06/12/2023 BEGIN CAHA2 0.027 0.105
06/12/2023 END W168 0.047 0.081

06/13/2023 BEGIN W168 0.034 0.041
06/13/2023 END W168 0.022 0.058

06/14/2023 BEGIN W168 0.036 0.141
06/14/2023 END W168 0.059 0.190

06/15/2023 BEGIN W168 0.072 0.183
06/15/2023 END W168 0.034 -0.010

06/27/2023 BEGIN CAHA2 0.105 -0.017
06/27/2023 END NA NA NA

06/28/2023 BEGIN CAHA2 0.020 0.042
06/28/2023 END NA NA NA

06/29/2023 BEGIN W168 0.074 0.109
06/29/2023 END W168 0.045 0.005

06/30/2023 BEGIN W168 0.021 0.062
06/30/2023 END W168 0.064 0.077

07/01/2023 BEGIN CAHA2 0.059 -0.065
07/01/2023 END W168 0.114 -0.112

LIST OF EQUIPMENT USED DURING THE SURVEY

Below is a list of equipment used during the survey:

- 25’ Survey Vessel “Cawood”

- Teledyne ECHOTRAC E20 transducer 200 kHz

- Applanix Pos-MV Inertia Navigation System [2NS

- Sound Velocity Profiler AML CTD Base X Profiler

- Hypack 2022/2023 for hydrographic data collection and processing
- Trimble R8 GNSS Receivers/ TSC3 data collectors

- Trimble R10 GNSS Receivers/ TSC5 data collectors

-Trimble Business Center

-AutoDesk Civil 3D
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NDIX A. CONTROL DATASHEETS

The NGS Data Sheet

See file dsdata.pdf for more information about the datasheet.

PROGRAM

Starting

1
EXe112
EXe112
EXe112
EX@112
EXQ112
EX0112
EX0112
EX0112
EX0112
EXe112*
EX0112*
EXe112*
EX@112*
EX0112
EXe112
EXe112
EXe112
EXe112
EXe112
EX0112
EX0112
EX0112
EX0112
EX0112
EX0112
EXe112
EX0112
EX0112
EXe112
EX0112
EX0112
EX0112
EX0112
EX0112
EXe112.
EX0112
EX0112
EX0112
EXe112
EX0112
EX0112
EXe112
EX0112
EX0112
EXe112.
EXe112.
EX0112
EXe112.
EX0112
EX0112
EX0112
EX0112
EXe112
EX0112
EXe112.

= datasheet95, VERSION = 8.12.5.15
Datasheet Retrieval...
National Geodetic Survey, Retrieval Date = JULY 25, 2023

B s e e
DESIGNATION - W 168
PID - EXe112
STATE/COUNTY- NC/DARE
COUNTRY - uUs
USGS QUAD - ROANOKE ISLAND NE (2019)

*CURRENT SURVEY CONTROL
NAD 83(2011) POSITION- 35 55 67.16930(N) @75 36 ©8.34847(W) ADJIUSTED
NAD 83(2011) ELLIP HT- -36.679 (meters) (06/27/12)  ADIUSTED
NAD 83(2011) EPOCH - 2018.00
NAVD 88 ORTHO HEIGHT - 2.296 (meters) 7.53 (feet) ADIUSTED
GEOID HEIGHT - -38.978 (meters) GEOID18
NAD 83(2011) X - 1,285,839.762 (meters) comMp
NAD 83(2011) Y - -5,008,856.047 (meters) comMP
NAD 83(2011) Z - 3,720,864.572 (meters) coMpP
LAPLACE CORR - 1.37 (seconds) DEFLEC18
DYNAMIC HEIGHT - 2.294 (meters) 7.53 (feet) COMP
MODELED GRAVITY -  979,778.6  (mgal) NAVD 88
VERT ORDER - FIRST CLASS II

Network accuracy estimates per FGDC Geospatial Positioning Accuracy
Standards:
FGDC (95% conf, cm) Standard deviation (cm) CorrNE
Horiz Ellip SDN SD_E SD_h (unitless)
NETWORK 0.89 1.10 9.49 0.32 0.56 -9.13113158

Click here for local accuracies and other accuracy information.

.The horizontal coordinates were established by GPS observations

and adjusted by the National Geodetic Survey in June 2012.

.NAD 83(2011) refers to NAD 83 coordinates where the reference frame has
.been affixed to the stable North American tectonic plate. See
.NA2011 for more information.

.The horizontal coordinates are valid at the epoch date displayed above
.which is a decimal equivalence of Year/Month/Day.

.The orthometric height was determined by differential leveling and

adjusted by the NATIONAL GEODETIC SURVEY
in June 1991.

Significant digits in the geoid height do not necessarily reflect accuracy.

.GEOID18 height accuracy estimate available here.

.Click photographs - Photos may exist for this station.

.The X, Y, and Z were computed from the position and the ellipsoidal ht.

The Laplace correction was computed from DEFLEC18 derived deflections.
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EX0112.The dynamic height is computed by dividing the NAVD 88
EX0112.geopotential number by the normal gravity value computed on the
EX0112.Geodetic Reference System of 1980 (GRS 80) ellipsoid at 45
EX@112.degrees latitude (g = 980.6199 gals.).

EX0112

EX@112.The modeled gravity was interpolated from observed gravity values.
EX0112

EX0112. The following values were computed from the NAD 83(2011) position.
EX0112

EX0112; North East Units Scale Factor Converg.
EX0112;SPC NC - 245,822.802 916,184.955 MT ©.99994021 +1 57 39.8
EX0112;SPC NC - 806,503.64 3,005,850.14 sFT ©.99994021 +1 57 39.8
EX0112;UTM 18 - 3,975,094.077 445,658.612 MT ©0.99963639 -0 21 12.1
EX0112

EX0112! - Elev Factor x Scale Factor = Combined Factor
EX0112!SPC NC - 1.00000576 X 0.99994021 = 0.99994597

EX0112!UTM 18 - 1.00000576 x 0.99963639 = 0.99964214

EX0112

EX0112: Primary Azimuth Mark Grid Az
EX0112:SPC NC - E 255 333 26371
EX0112:UTM 18 - E 255 335 45 29.0
EX0112

EX0112_U.S. NATIONAL GRID SPATIAL ADDRESS: 18SVE4565875094(NAD 83)

EX0112

EXOL12 | === === == mmm e e e e |
EX0112| PID Reference Object Distance Geod. Az |
EX0112| dddmmss.s |
EX0112| EX@289 E 255 434.500 METERS 3352416.9 |
(3 I [ e R e e |
EX0112

EX0112 SUPERSEDED SURVEY CONTROL

EX0112

EX0112 NAD 83(20087)- 35 55 87.16915(N) 075 36 ©8.34140(W) AD(2002.00) 1
EX@112 ELLIP H (@3/05/08) -36.651 (m) GP(2002.00) 4 2
EX0112 NAD 83(2001)- 35 55 07.16963(N) 075 36 ©8.33999(W) AD( ) 2
EX0112 NAD 83(1986)- 35 55 ©7.18952(N) 975 36 ©8.34906(W) AD( ) 2
EX0112 NAD 27 - 35 55 06.57010(N) 075 36 ©09.73001(W) AD( ) 2
EX0112 NAVD 88 2.30 (m) 75 (f) LEVELING 3
EX0112 NGVD 29 2.59  (m) 8.5 (f) LEVELING 3
EX0112 NGVD 29 (11/26/84) 2.593 (m) 8.51 (f) ADJUSTED 1.2
EX0112

EX0112.Superseded values are not recommended for survey control.
EX0112

EX@112.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.
EX0112.See file dsdata.pdf to determine how the superseded data were derived.
EX0112

EX@112_MARKER: DB = BENCH MARK DISK

EX0112_SETTING: 7 = SET IN TOP OF CONCRETE MONUMENT

EX0112_STAMPING: W 168 1963

EX@112_MARK LOGO: CGS

EX@112_PROJECTION: PROJECTING 25 CENTIMETERS

EX0112_STABILITY: C = MAY HOLD, BUT OF TYPE COMMONLY SUBJECT TO
EX@112+STABILITY: SURFACE MOTION

EX@112_SATELLITE: THE SITE LOCATION WAS REPORTED AS SUITABLE FOR
EX@112+SATELLITE: SATELLITE OBSERVATIONS - October 07, 2020

EX0112

EX@112 HISTORY - Date Condition Report By
EX0112 HISTORY - 1963 MONUMENTED CGS
EX0112 HISTORY - 1974 GOOD NGS
EX0112 HISTORY - 1974 GOOD NGS
EX0112 HISTORY - 1981 GOOD NGS
EX0112 HISTORY - 1990 GOOD USPSQD
EX0112 HISTORY - 20051081 GOOD GEOCAC
EX0112 HISTORY - 20051027 GOOD NCGS
EX0112 HISTORY - 20061126 GOOD GEOCAC

FXA112 HTSTNRV - 2081080841 GNONND NGS
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EX0112'STATION MARK IS A STANDARD USC AND GS BENCH MARK DISK STAMPED
EX0112'W-168 1963, SET IN THE TOP OF A CONCRETE CYLINDER, THE TOP OF
EX@112'WHICH IS PROJECTING 2 INCHES ABOVE THE GROUND.

EXe112'

EX0112'MARK IS 29.@ FT ENE OF C/L OF U.S. 158 BUSINESS
EXe112'

EX0112'14.4 FT SSE OF C/L OF CONCRETE DRIVEWAY

EXe112'

EX@112'2.9 FT SSW OF NORTHERNMOST FENCE CORNER

EXe112'

EX0112'66.5 FT ESE OF FIRE HYDRANT TOP

EXe112'

EX0112'2.5 FT NNW OF WOODEN WITNESS POST

EX@112

EX0112 STATION RECOVERY (1974)
EX@e112

EX@112'RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1974

EX0112'RECOVERED IN GOOD CONDITION.

EX0112

EX0112 STATION RECOVERY (1981)

EXe112

EX0112'RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1981

EX0112'1.4 KILOMETERS (©.9 MILE) NORTH ALONG U.S. HIGHWAY 158 BUSINESS FROM
EX0112'ITS JUNCTION WITH U.S. HIGHWAYS 64, 264 AND STATE HIGHWAY 12 IN NAGS
EX0112'HEAD, TO THE MARK ON THE RIGHT, ON THE SOUTH SIDE OF THE CONCRETE
EX0112'ENTRANCE DRIVEWAY OF CARE FREE COTTAGES, 8.83 METERS (29.0 FEET) EAST
EX0112'OF THE CENTER LINE OF THE HIGHWAY, 1.40 METERS (4.6 FEET) SOUTH OF THE
EX@112'SOUTH EDGE OF THE CONCRETE ENTRANCE DRIVEWAY OF CARE FREE COTTAGES,
EX0112'0.30 METER (1.0 FOOT) WEST OF A WOODEN FENCE.

EX@112'THE MARK IS 1.52 METERS NW FROM A WITNESS POST.

EX@112'THE MARK IS ©.18 M ABOVE HIGHWAY.

EXe112

EX@e112 STATION RECOVERY (1990)

EXe112

EX0112'RECOVERY NOTE BY US POWER SQUADRON 199@ (PEM)

EX0112'RECOVERED IN GOOD CONDITION.

EXe112

EXe112 STATION RECOVERY (2005)

EX0112

EX0112'RECOVERY NOTE BY GEOCACHING 2005 (LWB)

EX0112'FOUND IN GOOD CONDITION NEAR A FENCE CORNER. CARE FREE COTTAGES HAS
EX0112'NO SIGN, AND IS LOOKING PRETTY SAD. MARK IS SSE OF THE FIRST COLONY
EX@112'INN ACROSS THE STREET.

EX0112

EX@112 STATION RECOVERY (2005)

EX0112

EX©112'RECOVERY NOTE BY NORTH CAROLINA GEODETIC SURVEY 2005 (EJH)
EX@112'RECOVERED IN GOOD CONDITION WITH THE FOLLOWING CORRECTION, MARK IS
EX0112'PROJECTING 10 INCHES (25 CM) ABOVE THE GROUND.

EXe112

EX@112 STATION RECOVERY (2006)

EXe112

EX0112'RECOVERY NOTE BY GEOCACHING 2006 (DEB)

EX©112'RECOVERED IN GOOD CONDITION.

EXe112

EXe112 STATION RECOVERY (2010)

EX0112

EX©112'RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 2010 (DRD)
EX@112'RECOVERED IN GOOD CONDITION.

EX0112

EX0112 STATION RECOVERY (2020)

EX0112

EX©112'RECOVERY NOTE BY US POWER SQUADRON 2020 (CAC)

EX@112'RECOVERED IN GOOD CONDITION.
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The NGS Data Sheet

See file dsdata.pdf for more information about the datasheet.

PROGRAM = datasheet95, VERSION = 8.12.5.15
Starting Datasheet Retrieval...

1 National Geodetic Survey, Retrieval Date = JULY 25, 2023

DN6292 kRkkkkkkkk Rk kkokkkkkkkkkkkkkkkkkkk Rk kkkkkkkkkkkkk kR k kb kkk Rk kkkkk Rk kkkkkk
DN6292 HT_MOD - This is a Height Modernization Survey Station.

DN6292 DESIGNATION - CAHA 2

DN6292 PID - DN6292

DN6292 STATE/COUNTY- NC/DARE

DN6292 COUNTRY - Us

DN6292 USGS QUAD - ROANOKE ISLAND NE (2019)

DN6292

DN6292 *CURRENT SURVEY CONTROL

DN6292

DN6292* NAD 83(2011) POSITION- 35 54 16.76469(N) @75 35 52.22233(W)  ADJUSTED
DN6292* NAD 83(2011) ELLIP HT-  -37.723 (meters) (06/27/12)  ADJIUSTED
DN6292* NAD 83(2011) EPOCH - 2010.00

DN6292* NAVD 88 ORTHO HEIGHT - 1.28 (meters) 4.2 (feet) GPS OBS
DN6292

DN6292 NAVD 88 orthometric height was determined with geoid model GEOID@9
DN6292 GEOID HEIGHT - -38.953 (meters) GEOID@9
DN6292 GEOID HEIGHT & -38.979 (meters) GEOID18
DN6292 NAD 83(2011) X - 1,286,457.595 (meters) comp
DN6292 NAD 83(2011) Y - -5,009,637.305 (meters) COMP
DN6292 NAD 83(2011) Z - 3,719,605.716 (meters) comp
DN6292 LAPLACE CORR = 1.33 (seconds) DEFLEC18
DN6292

DN6292 Network accuracy estimates per FGDC Geospatial Positioning Accuracy
DN6292 Standards:

DN6292 FGDC (95% conf, cm) Standard deviation (cm) CorrNE

DN6292 Horiz Ellip SD_N SD_E SD_h (unitless)
.1
DN6292 NETWORK 0.89 1.04 .40 0.31 0.53 -0.22594700
DNB29D <mmsimss s s e R S e S S S S S S S S S D R RS P AR S S e

DN6292 Click here for local accuracies and other accuracy information.

DN6292

DN6292.The horizontal coordinates were established by GPS observations
DN6292.and adjusted by the National Geodetic Survey in June 2012.

DN6292

DN6292.NAD 83(2011) refers to NAD 83 coordinates where the reference frame has
DN6292.been affixed to the stable North American tectonic plate. See
DN6292.NA2011 for more information.

DN6292

DN6292.The horizontal coordinates are valid at the epoch date displayed above
DN6292.which is a decimal equivalence of Year/Month/Day.

DN6292

DN6292.The orthometric height was determined by GPS observations and a
DN6292.high-resolution geoid model using precise GPS observation and
DN6292.processing techniques.

DN6292

DN6292.Significant digits in the geoid height do not necessarily reflect accuracy.
DN6292.GEOID18 height accuracy estimate available here.

DN6292

DN6292.Click photographs - Photos may exist for this station.

DN6292

DN6292.The X, Y, and Z were computed from the position and the ellipsoidal ht.
DN6292

DN6292.The Laplace correction was computed from DEFLEC18 derived deflections.
DN6292

DN6292.The ellipsoidal height was determined by GPS observations
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DN6292.The ellipsoidal height was determined by GPS observations
DN6292.and is referenced to NAD 83.

DN6292

DN6292. The following values were computed from the NAD 83(2011) position.
DN6292

DN6292; North East Units Scale Factor Converg.
DN6292;SPC NC - 244,284.101 916,642.923 MT ©.99993740 +1 57 49.1
DN6292;SPC NC - 801,455.42 3,007,349.70 sSFT 0.99993740 +1 57 49.1
DN6292;UTM 18 - 3,973,538.645 446,053.053 MT ©.99963586 -0 21 02.2
DN6292

DN6292! - Elev Factor x Scale Factor = Combined Factor
DN6292!SPC NC - 1.00000592 x ©.99993740 = 0.99994332

DN6292!UTM 18 - 1.00000592 x ©.99963586 = 0.99964178

DN6292
DN6292_U.S. NATIONAL GRID SPATIAL ADDRESS: 18SVE4605373538(NAD 83)
DN6292

DN6292 SUPERSEDED SURVEY CONTROL
DN6292

DN6292 NAD 83(2007)- 35 54 16.76468(N)  ©75 35 52.22336(W) AD(2002.008) 1
DN6292 ELLIP H (02/27/12) -37.703 (m) GP(2002.00) 3 1
DN6292

DN6292.Superseded values are not recommended for survey control.
DN6292

DN6292.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.
DN6292.See file dsdata.pdf to determine how the superseded data were derived.
DN6292

DN6292_MARKER: F = FLANGE-ENCASED ROD

DN6292_SETTING: 59 = STAINLESS STEEL ROD IN SLEEVE (1@ FT.+)
DN6292_STAMPING: CAHA 2 2010

DN6292_MARK LOGO: NPS

DN6292_PROJECTION: RECESSED 3 CENTIMETERS

DN6292_MAGNETIC: T = STEEL SPIKE ADJACENT TO MONUMENT
DN6292_STABILITY: B = PROBABLY HOLD POSITION/ELEVATION WELL
DN6292_SATELLITE: THE SITE LOCATION WAS REPORTED AS SUITABLE FOR
DN6292+SATELLITE: SATELLITE OBSERVATIONS - October 07, 2020
DN6292_ROD/PIPE-DEPTH: 30.5 meters

DN6292_SLEEVE-DEPTH : 0.6 meters

DN6292

DN6292 HISTORY - Date Condition Report By
DN6292 HISTORY - 20100302 MONUMENTED NCGS
DN6292 HISTORY - 20201007 GOOD USPSQD
DN6292

DN6292 STATION DESCRIPTION
DN6292

DN6292 'DESCRIBED BY NORTH CAROLINA GEODETIC SURVEY 2016 (EJH)

DN6292'THE MARK IS LOCATED ABOUT 8.1 MI (13.0 KM) SOUTH-SOUTHEAST OF KILL
DN6292'DEVIL HILLS, 4.0 MI (6.4 KM) EAST OF MANTEO AND 3.9 MI (6.3 KM)
DN6292'SOUTH-SOUTHEAST OF NAGS HEAD.

DN6292'

DN6292'IN WHALEBONE, AT THE NATIONAL PARK SERVICE INFORMATION CENTER. ALONG
DN6292'NC 12 FOR ©.2 MI (©.3 KM) SOUTH FROM THE INTERSECTION WITH US 158, IN
DN6292 'WHALEBONE JUNCTION, TO THE NATIONAL PARK SERVICE INFORMATION CENTER
DN6292'AND STATION NEAR FLAG POLE.

DN6292"*

DN6292'MARK IS ABOUT LEVEL WITH THE ASPHALT PARKING LOT AND IS RECESSED 1
DN6292'INCH (3 CM) WITH THE GROUND. LOCATED 86.3 FT (26.3 M) WEST OF THE
DN6292'CENTERLINE OF NC 12, 49 FT (14.9 M) EAST OF THE CENTER OF ENTRANCE
DN6292'ROAD, 30.5 FT (9.3 M) NORTH-NORTHEAST OF THE METAL FLAG POLE---AND
DN6292'96.0 FT (29.3 M) NORTH-NORTHWEST OF THE NORTHWEST CORNER OF PORCH OF
DN6292 ' INFORMATION CENTER.

DN6292

DN6292 STATION RECOVERY (2020)

DN6292

DN6292'RECOVERY NOTE BY US POWER SQUADRON 2020 (CAC)

DN6292'RECOVERED IN GOOD CONDITION.
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Survey Transect JUNE 2023 - OCTOBER 2023
430+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 62.71 -45.68
(1.18 ft NAVD8S8) ft ft
Volume Change Above 5.87 1.85
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.96 -5.08
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 36.59 -24.31
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 40.06 -27.28
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 28.16 -18.95
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 48.16 -31.74
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
435+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -24.87 18.28
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.47 0.62
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.29 0.63
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -10.86 -0.49
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 0.56 -3.76
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -16.74 4.88
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.80 -12.29
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Town of Nags Head Periodic Surve

ying Data Analysis

ST 435+00

Pg 45 of 173

2024




30

Elevation (ft NAVD88)
3 o 3 8

|
N
o

30

N
[8)]

N
o

—_
[¢;]

-
o

Elevation (ft NAVD88)
o

|
[¢)]

-10

-15

2000 2500

Distance Offshore (ft)

3500

4000

200 400 600

1000 1200
Distance Offshore (ft)

1400

1600

1800

2000

Survey Transect JUNE 2023 - OCTOBER 2023
440+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 22.14 -36.03
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.35 1.57
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 5.20 -3.33
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 5.54 -3.96
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 7.30 14.47
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -18.20 37.83
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.22 23.37
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023
Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
445+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -49.04 -10.66
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.42 1.39
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -8.28 -0.56
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -19.45 -10.54
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -22.99 6.80
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -48.51 27.77
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -27.44 14.16
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
450+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 38.88 -12.45
(1.18 ft NAVD8S8) ft ft
Volume Change Above -0.86 -4.48
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 413 -5.80
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 7.42 -7.64
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.94 -15.63
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -15.15 -2.03
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.64 -12.14
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
455+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 8.09 -17.61
(1.18 ft NAVD8S8) ft ft
Volume Change Above 1.87 -0.25
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.66 -4.35
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -6.74 0.71
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 14.36 -18.98
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -19.11 -27.07
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -5.99 -41.09
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023
Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
460+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 3.96 12.46
(1.18 ft NAVD8S8) ft ft
Volume Change Above -1.04 1.44
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.00 4.58
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -10.59 20.08
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 7.62 5.25
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 3.04 -20.00
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 17.03 -33.63
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
465+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 31.14 -27.25
(1.18 ft NAVD8S8) ft ft
Volume Change Above 1.67 -0.34
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 8.27 -7.29
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.08 -9.31
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 30.64 -29.17
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 8.01 -22.72
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 21.05 -35.79
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
470+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -40.56 49.23
(1.18 ft NAVD8S8) ft ft
Volume Change Above 1.22 1.01
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.17 6.48
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -21.99 22.03
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -36.92 46.22
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -60.27 53.66
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -43.53 38.69
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
475+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -41.03 19.44
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.69 -1.30
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -2.31 0.50
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -15.61 -2.53
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -14.36 0.62
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -26.02 0.21
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -10.93 -18.45
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
480+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 62.85 -42.05
(1.18 ft NAVD8S8) ft ft
Volume Change Above 1.91 -0.24
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.56 -7.39
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 28.44 -27.70
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 33.05 -23.99
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 7.07 -14.50
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 22.32 -27.59
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
485+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 60.32 -38.15
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.42 -1.31
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 12.00 -6.06
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 22.78 -6.99
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 51.40 -16.58
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 28.57 -12.36
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 50.41 -87.48
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
490+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 31.51 -43.79
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.23 -0.64
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.90 -8.00
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.73 -15.49
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -7.01 -26.00
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -13.98 -48.41
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -2.52 -57.10
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
495+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -12.58 54.64
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.12 -0.35
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.60 6.69
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -23.90 40.98
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -29.72 31.59
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -21.19 -8.04
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -4.23 -19.56
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
500+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -43.77 38.99
(1.18 ft NAVD8S8) ft ft
Volume Change Above -1.69 7.53
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -7.67 11.58
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -33.36 31.06
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -99.84 88.18
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -125.98 77.74
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -108.10 61.32
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

L

Town of Nags Head

ying Data Analysis

ST500:00 |

Pg 58 of 173

2024




30

Elevation (ft NAVD88)
3 o 3 8

|
N
o

30

-t N N
[¢;] o [8)]

-
o

Elevation (ft NAVD88)
o

|
[¢)]

-10

-15

1500

2000 2500

Distance Offshore (ft)

3000

3500

4000

200

600

800

1000 1200
Distance Offshore (ft)

1400

1600

1800

2000

Survey Transect JUNE 2023 - OCTOBER 2023
505+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 2.31 29.91
(1.18 ft NAVD8S8) ft ft
Volume Change Above 217 4.34
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.15 7.71
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 0.47 21.61
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -28.04 51.19
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -41.38 25.24
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -21.14 5.28
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
510+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 36.54 1.86
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.36 0.70
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.45 5.28
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 10.79 11.36
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -12.86 68.69
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -8.27 41.85
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 14.42 21.22
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
515+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 51.50 -10.61
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.10 2.58
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.15 7.00
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 19.95 6.62
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 26.67 55.45
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 37.32 28.67
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 53.72 8.61
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
520+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 35.08 -18.63
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.27 3.26
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.48 1.74
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 26.12 -0.99
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 34.80 45.00
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 37.51 17.07
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 51.90 -0.65
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
525+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 5.86 2712
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.47 3.41
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.66 7.97
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.89 27.28
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -13.72 69.58
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -53.28 44.63
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -39.91 30.48
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
530+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 27.15 -3.79
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.94 1.54
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.52 4.11
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 21.09 7.51
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 14.22 60.39
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 29.15 36.30
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 41.41 21.62
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
535+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 45.78 —44.38
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.85 1.53
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 8.83 -4.15
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.31 -17.26
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -23.95 48.05
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -22.07 24.70
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.98 11.46
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
540+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 5.93 -3.31
(1.18 ft NAVD8S8) ft ft
Volume Change Above 1.04 0.53
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.74 1.37
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -7.60 -2.23
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -42.66 24.64
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -38.41 -6.86
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -28.98 -23.78
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 ———— JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
545+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 0.71 -23.57
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.61 5.07
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.53 3.86
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -18.68 3.82
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -33.05 55.46
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -35.45 39.44
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -29.26 25.50
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
550+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 16.82 25.96
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.21 1.68
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 7.12 7.30
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 16.09 6.88
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.70 67.77
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -8.60 47.88
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -0.13 33.94
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 ———— JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
555+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 8.05 9.65
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.04 3.14
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.87 6.22
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.37 2.51
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.33 65.28
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -12.93 71.24
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -4.83 58.56
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

ST555:00 |

Pg 69 of 173

2024




30

Elevation (ft NAVD88)
3 o 3 8

|
N
o

30

-t N N
[¢;] o [8)]

-
o

Elevation (ft NAVD88)
o

|
[¢)]

-10

-15

500 1000

2000 2500

Distance Offshore (ft)

3500

4000

200 400 600

1000 1200
Distance Offshore (ft)

1400

1600

1800

2000

Survey Transect JUNE 2023 - OCTOBER 2023
560+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -1.86 -12.43
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.51 2.35
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.19 -0.23
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.40 1.75
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -6.91 43.71
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -5.08 49.97
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.29 35.89
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
565+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 72.97 -14.60
(1.18 ft NAVD8S8) ft ft
Volume Change Above 5.36 3.50
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 15.42 1.62
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 25.59 4.27
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -7.44 52.61
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -7.57 37.85
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.49 24.36
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
570+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 10.62 28.24
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.81 4.62
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 5.16 8.18
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 2.30 14.16
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -15.78 57.19
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -21.66 62.54
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -16.20 40.95
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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; : T T T T : 575+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 27.16 -23.85
| (1.18 ft NAVD8S8) ft ft
Volume Change Above 4.85 3.97
+6 ft NAVD88 cy/ft cy/ft
] Volume Change Above 8.53 0.56
1.18 ft NAVD88 cy/ft cy/ft
] Volume Change Above 6.90 -2.05
-6 ft NAVD88 cy/ft cy/ft
] Volume Change Above 1.58 33.61
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -2.23 29.33
7 -19 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.44 20.10
E -30 ft NAVD88 cy/ft cy/ft
LEGEND:
: . . . : : : OCTOBER 2023
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Distance Offshore (ft)
T T T T T T T Notes:
1. Station From North To South At Varying Intervals.
7] 2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
580+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -45.40 12.49
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.50 2.43
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -0.23 6.30
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -21.88 6.53
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -30.72 34.15
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -29.52 23.89
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -18.35 10.16
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023
Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
585+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 66.19 -0.08
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.79 1.77
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.92 1.80
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 25.31 -3.26
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 5.36 39.39
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -1.16 57.76
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 8.26 44.20
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
590+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 0.89 0.98
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.65 2.25
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.83 3.15
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -18.03 8.65
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 7.35 22.50
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 5.55 12.16
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 17.83 0.06
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
595+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 33.35 23.78
(1.18 ft NAVD8S8) ft ft
Volume Change Above 8.92 1.78
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 16.28 3.78
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 21.44 5.54
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 37.39 29.66
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 45.75 32.24
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 63.29 31.27
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
600+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -0.67 5.12
(1.18 ft NAVD8S8) ft ft
Volume Change Above 7.63 3.05
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.26 6.00
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 8.42 5.17
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 25.72 16.00
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 29.17 20.71
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 62.32 -52.84
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
605+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -41.02 46.11
(1.18 ft NAVD8S8) ft ft
Volume Change Above 7.25 4.79
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 5.45 9.23
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -8.31 18.01
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -20.95 31.84
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -17.32 6.46
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -20.06 14.15
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
610+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -1.25 71.84
(1.18 ft NAVD8S8) ft ft
Volume Change Above 8.22 4.66
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 10.21 14.25
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.41 32.97
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -17.40 77.63
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -23.46 54.49
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -12.40 27.31
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
615+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 10.39 61.45
(1.18 ft NAVD8S8) ft ft
Volume Change Above 6.40 4.85
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 12.24 9.80
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 16.29 23.19
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 22.77 61.81
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 31.42 48.30
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 46.15 28.73
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
620+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 23.53 52.68
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.33 3.73
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.76 9.03
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 10.77 15.87
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 31.37 12.75
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 42.03 -12.33
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 57.63 -36.29
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
625+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 33.74 52.93
(1.18 ft NAVD8S8) ft ft
Volume Change Above 5.32 2.78
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.76 8.41
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 11.94 14.40
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 16.92 29.50
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 23.98 12.35
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 41.27 -12.26
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
630+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -21.34 52.83
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.20 1.01
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.27 6.24
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -18.69 13.27
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -29.72 51.73
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -27.32 53.51
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -20.41 17.87
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
635+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -6.44 38.81
(1.18 ft NAVD8S8) ft ft
Volume Change Above 717 2.49
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 11.45 6.18
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.55 13.61
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.25 49.32
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 7.24 53.53
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 21.54 38.70
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
640+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -7.56 70.66
(1.18 ft NAVD8S8) ft ft
Volume Change Above 7.46 4.18
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 11.61 11.47
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -6.01 25.69
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -8.81 60.93
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -10.42 33.96
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.22 9.44
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
645+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -8.73 70.01
(1.18 ft NAVD8S8) ft ft
Volume Change Above 6.48 6.05
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 7.61 17.15
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -10.45 33.28
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -19.77 70.84
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -14.39 44.24
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -2.80 21.36
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
650+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -4.64 70.90
(1.18 ft NAVD8S8) ft ft
Volume Change Above 5.18 1.70
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.93 8.06
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -12.30 28.68
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -21.01 62.22
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -16.18 32.11
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -0.69 8.79
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
655+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 0.88 64.68
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.40 4.32
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.37 9.50
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -12.21 28.48
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -2.81 51.32
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -0.75 25.26
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.30 1.63
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
660+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -15.48 51.91
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.57 2.46
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.37 10.38
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -13.16 22.85
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -38.87 66.40
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -43.10 38.83
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -27.72 15.60
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
665+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -0.50 42.02
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.43 -0.35
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.50 6.53
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.07 16.89
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -16.14 66.70
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -19.16 42.37
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.64 17.48
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
670+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 46.20 3.42
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.61 3.56
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.15 6.07
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.29 11.94
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.16 59.33
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -1.21 37.15
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.41 24.79
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
675+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 1.87 34.49
(1.18 ft NAVD8S8) ft ft
Volume Change Above 5.12 1.36
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 8.88 6.94
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -10.47 18.25
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -17.62 69.62
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -19.92 46.82
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -7.43 28.00
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
680+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -0.27 33.35
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.87 -1.46
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.43 1.65
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -15.73 17.24
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -50.53 83.74
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -52.14 61.43
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -42.75 40.17
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
685+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 40.13 -16.61
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.85 3.28
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.88 5.11
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -0.55 10.14
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -14.18 68.75
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -17.70 47.16
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -18.12 24.73
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
690+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 26.63 9.07
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.55 3.66
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.13 6.51
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -6.23 17.87
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -34.06 66.03
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -39.61 39.71
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -41.97 18.29
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
695+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 20.05 8.81
i (1.18 ft NAVD8S8) ft ft
Volume Change Above 0.48 5.41
+6 ft NAVD88 cy/ft cy/ft
] Volume Change Above 3.81 8.30
1.18 ft NAVD88 cy/ft cy/ft
] Volume Change Above -13.08 18.13
-6 ft NAVD88 cy/ft cy/ft
i Volume Change Above -45.25 76.47
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -48.49 54.92
7 -19 ft NAVD88 cy/ft cy/ft
Volume Change Above -42.77 26.12
g -30 ft NAVD88 cy/ft cy/ft
LEGEND:
: : . ' ' : . OCTOBER 2023
500 1000 1500 2000 2500 3000 3500 4000 JUNE 2024 JUNE 2023

Distance Offshore (ft)

T T T T T T T T T Notes:

200 400 600 800 1000 1200 1400 1600 1800 2000 Town of Nags Head Periodic Surve

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

ying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
700+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -25.81 35.24
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.83 3.84
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.07 9.85
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -28.92 27.91
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -67.08 101.52
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -65.94 81.93
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -55.09 48.33
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

odic Surveying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
705+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 7.48 36.11
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.92 5.74
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.75 13.98
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.80 25.82
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -39.06 89.84
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -40.51 100.96
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -28.65 82.58
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Town of Nags Head Periodic Surve

ying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
710+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -29.42 43.26
(1.18 ft NAVD8S8) ft ft
Volume Change Above 5.38 9.87
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.23 21.82
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -21.43 37.04
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -27.79 93.40
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -4.57 43.34
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -2.97 14.81
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

®
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Survey Transect JUNE 2023 - OCTOBER 2023
715+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -4.09 31.77
(1.18 ft NAVD8S8) ft ft
Volume Change Above 5.27 3.41
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 412 11.53
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.43 13.46
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -49.41 77.89
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -52.94 72.31
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -51.56 52.33
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Town of Nags Head Periodic Surve

ying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
720+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -16.64 27.33
(1.18 ft NAVD8S8) ft ft
Volume Change Above -0.17 7.68
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -5.17 16.77
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -28.58 30.27
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -92.24 100.43
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -113.63 86.85
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -114.19 52.18
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

ying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
725+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -50.98 37.48
(1.18 ft NAVD8S8) ft ft
Volume Change Above 1.68 8.15
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above —-7.48 19.13
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -24.34 22.00
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -64.35 66.76
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -69.71 33.74
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -72.48 -4.02
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

R & Y A
Town of Nags Head Periodic Surveying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
730+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -14.38 11.69
(1.18 ft NAVD8S8) ft ft
Volume Change Above -3.96 8.10
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above —-7.48 12.68
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -14.86 11.30
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -62.34 59.51
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -61.09 83.58
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -57.06 64.57
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
735+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -14.11 -11.46
(1.18 ft NAVD8S8) ft ft
Volume Change Above -0.25 4.19
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.06 5.56
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.80 5.18
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -36.12 35.36
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -28.99 19.97
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -22.67 -3.85
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

ying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
740+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -24.04 17.24
(1.18 ft NAVD8S8) ft ft
Volume Change Above -2.28 4.54
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -5.99 9.48
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -14.90 12.48
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -63.50 58.51
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -67.47 61.68
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -62.74 41.15
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

ying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
745+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -11.96 2.60
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.17 1.29
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.18 4.36
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -14.72 12.96
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -44.86 50.81
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -43.45 83.85
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -20.91 61.03
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

ying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023 |-
750+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW
(1.18 ft NAVD88) ft ft
Volume Change Above
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above
-14 ft NAVD88 cy/ft cy/ft
Volume Change Above
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023
Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Town of Nags Head Periodic Surve
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Survey Transect JUNE 2023 - OCTOBER 2023
755+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 2.31 29.91
(1.18 ft NAVD8S8) ft ft
Volume Change Above 217 4.34
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.15 7.71
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 0.47 21.61
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -28.04 51.19
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -41.38 25.24
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -21.14 5.28
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Town of Nags Head Periodic Surveyi
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Survey Transect JUNE 2023 - OCTOBER 2023
760+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 36.54 1.86
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.36 0.70
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.45 5.28
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 10.79 11.36
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -12.86 68.69
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -8.27 41.85
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 14.42 21.22
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
765+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 51.50 -10.61
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.10 2.58
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.15 7.00
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 19.95 6.62
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 26.67 55.45
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 37.32 28.67
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 53.72 8.61
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
770+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 35.08 -18.63
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.27 3.26
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.48 1.74
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 26.12 -0.99
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 34.80 45.00
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above 37.51 17.07
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 51.90 -0.65
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
775+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 5.86 2712
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.47 3.41
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.66 7.97
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.89 27.28
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -13.72 69.58
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -53.28 44.63
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -39.91 30.48
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 ———— JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Town of Nags Head Periodic Surveying Data Analysis

ST775:00 | Pg1130f173 2024




30

Elevation (ft NAVD88)
3 o 3 8

|
N
o

30

-t N N
[¢;] o [8)]

-
o

Elevation (ft NAVD88)
o

|
[¢)]

-10

-15

500

1000 1500 2000 2500

Distance Offshore (ft)

3500

4000

200

400 600 800 1000 1200
Distance Offshore (ft)

1400

1600

1800

2000

Survey Transect JUNE 2023 - OCTOBER 2023
780+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 27.15 -3.79
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.94 1.54
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.52 4.11
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 21.09 7.51
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 14.22 60.39
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above 29.15 36.30
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 41.41 21.62
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
785+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 45.78 —44.38
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.85 1.53
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 8.83 -4.15
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.31 -17.26
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -23.95 48.05
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -22.07 24.70
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.98 11.46
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Periodic Surveying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
790+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 5.93 -3.31
(1.18 ft NAVD8S8) ft ft
Volume Change Above 1.04 0.53
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.74 1.37
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -7.60 -2.23
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -42.66 24.64
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -38.41 -6.86
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -28.98 -23.78
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
795+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 0.71 -23.57
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.61 5.07
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.53 3.86
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -18.68 3.82
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -33.05 55.46
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -35.45 39.44
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -29.26 25.50
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
800+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 16.82 25.96
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.21 1.68
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 712 7.30
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 16.09 6.88
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.70 67.77
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -8.60 47.88
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -0.13 33.94
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
805+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 8.05 9.65
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.04 3.14
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.87 6.22
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.37 2.51
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.33 65.28
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -12.93 71.24
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -4.83 58.56
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
810+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -1.86 -12.43
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.51 2.35
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.19 -0.23
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.40 1.75
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -6.91 43.71
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -5.08 49.97
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.29 35.89
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
815+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 72.97 -14.60
(1.18 ft NAVD8S8) ft ft
Volume Change Above 5.36 3.50
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 15.42 1.62
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 25.59 4.27
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -7.44 52.61
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -7.57 37.85
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.49 24.36
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
820+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 10.62 28.24
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.81 4.62
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 5.16 8.18
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 2.30 14.16
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -15.78 57.19
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -21.66 62.54
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -16.20 40.95
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
825+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 27.16 -23.85
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.85 3.97
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 8.53 0.56
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.90 -2.05
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.58 33.61
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -2.23 29.33
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.44 20.10
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
830+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -45.40 12.49
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.50 2.43
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -0.23 6.30
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -21.88 6.53
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -30.72 34.15
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -29.52 23.89
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -18.35 10.16
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
835+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 66.19 -0.08
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.79 1.77
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.92 1.80
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 25.31 -3.26
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 5.36 39.39
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -1.16 57.76
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 8.26 44.20
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
840+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 0.89 0.98
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.65 2.25
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.83 3.15
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -18.03 8.65
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 7.35 22.50
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 5.55 12.16
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 17.83 0.06
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
845+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 33.35 23.78
(1.18 ft NAVD8S8) ft ft
Volume Change Above 8.92 1.78
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 16.28 3.78
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 21.44 5.54
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 37.39 29.66
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 45.75 32.24
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 63.29 31.27
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
850+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -0.67 5.12
(1.18 ft NAVD8S8) ft ft
Volume Change Above 7.63 3.05
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.26 6.00
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 8.42 5.17
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 25.72 16.00
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 29.17 20.71
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 62.32 -52.84
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
855+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -41.02 46.11
(1.18 ft NAVD8S8) ft ft
Volume Change Above 7.25 4.79
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 5.45 9.23
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -8.31 18.01
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -20.95 31.84
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -17.32 6.46
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -20.06 14.15
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023
Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Town of Nags Head Periodic Surveying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
860+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -1.25 71.84
(1.18 ft NAVD8S8) ft ft
Volume Change Above 8.22 4.66
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 10.21 14.25
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.41 32.97
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -17.40 77.63
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -23.46 54.49
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -12.40 27.31
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
865+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 10.39 61.45
(1.18 ft NAVD8S8) ft ft
Volume Change Above 6.40 4.85
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 12.24 9.80
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 16.29 23.19
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 22.77 61.81
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 31.42 48.30
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 46.15 28.73
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 ——— JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
870+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 23.53 52.68
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.33 3.73
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.76 9.03
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 10.77 15.87
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 31.37 12.75
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 42.03 -12.33
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 57.63 -36.29
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
872+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 33.74 52.93
(1.18 ft NAVD8S8) ft ft
Volume Change Above 5.32 2.78
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.76 8.41
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 11.94 14.40
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 16.92 29.50
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 23.98 12.35
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 41.27 -12.26
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
880+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -21.34 52.83
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.20 1.01
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.27 6.24
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -18.69 13.27
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -29.72 51.73
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -27.32 53.51
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -20.41 17.87
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
885+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -6.44 38.81
(1.18 ft NAVD8S8) ft ft
Volume Change Above 717 2.49
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 11.45 6.18
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.55 13.61
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.25 49.32
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 7.24 53.53
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 21.54 38.70
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
890+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -7.56 70.66
(1.18 ft NAVD8S8) ft ft
Volume Change Above 7.46 4.18
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 11.61 11.47
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -6.01 25.69
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -8.81 60.93
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -10.42 33.96
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.22 9.44
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
895+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -8.73 70.01
(1.18 ft NAVD8S8) ft ft
Volume Change Above 6.48 6.05
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 7.61 17.15
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -10.45 33.28
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -19.77 70.84
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -14.39 44.24
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -2.80 21.36
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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900+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -4.64 70.90
(1.18 ft NAVD8S8) ft ft
Volume Change Above 5.18 1.70
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.93 8.06
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -12.30 28.68
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -21.01 62.22
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -16.18 32.11
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -0.69 8.79
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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905+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 0.88 64.68
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.40 4.32
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.37 9.50
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -12.21 28.48
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -2.81 51.32
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -0.75 25.26
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.30 1.63
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
910+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -15.48 51.91
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.57 2.46
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.37 10.38
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -13.16 22.85
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -38.87 66.40
-14 ft NAVD88 oy/ft oy/ft
Volume Change Above -43.10 38.83
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -27.72 15.60
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
915+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -0.50 42.02
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.43 -0.35
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.50 6.53
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.07 16.89
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -16.14 66.70
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -19.16 42.37
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.64 17.48
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
920+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 46.20 3.42
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.61 3.56
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.15 6.07
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.29 11.94
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.16 59.33
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -1.21 37.15
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.41 24.79
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
922+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 7.30 40.65
(1.18 ft NAVD8S8) ft ft
Volume Change Above 8.24 2.84
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 12.84 7.70
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.91 16.80
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -12.09 65.59
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -14.89 43.89
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 2.01 21.73
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
925+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 1.87 34.49
(1.18 ft NAVD8S8) ft ft
Volume Change Above 5.12 1.36
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 8.88 6.94
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -10.47 18.25
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -17.62 69.62
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -19.92 46.82
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -7.43 28.00
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Town of Nags Head Periodic Surve

ying Data Analysis

ST 925+00

Pg 144 of 173

2024




30

Elevation (ft NAVD88)
3 o 3 8

|
N
o

30

-t N N
[¢;] o [8)]

-
o

Elevation (ft NAVD88)
o

|
[¢)]

-10

-15

500

1000

1500

2000 2500
Distance Offshore (ft)

3000

3500

4000

200

600

800

1000 1200
Distance Offshore (ft)

1400

1600

1800

2000

Survey Transect JUNE 2023 - OCTOBER 2023
927+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 35.78 -13.77
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.75 3.76
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 11.61 3.81
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.10 16.42
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -44.81 95.19
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -50.65 76.01
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -42.45 58.28
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
930+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -0.27 33.35
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.87 -1.46
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.43 1.65
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -15.73 17.24
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -50.53 83.74
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -52.14 61.43
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -42.75 40.17
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
932+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 37.21 -5.48
(1.18 ft NAVD8S8) ft ft
Volume Change Above 6.76 2.61
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 14.21 2.15
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.27 1.20
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.13 44.78
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -20.52 20.80
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -16.18 -1.06
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
935+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 40.13 -16.61
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.85 3.28
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.88 5.11
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -0.55 10.14
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -14.18 68.75
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -17.70 47.16
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -18.12 24.73
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

ying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
937+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 42.43 -16.61
(1.18 ft NAVD8S8) ft ft
Volume Change Above 5.80 2.36
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 12.95 2.55
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.99 -2.43
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 2.26 41.64
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above 0.99 10.32
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.46 -13.65
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Town of Nags Head Periodic Surveying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
940+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 26.63 9.07
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.55 3.66
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.13 6.51
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -6.23 17.87
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -34.06 66.03
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -39.61 39.71
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -41.97 18.29
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
942+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 5.57 15.15
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.71 3.92
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.66 8.05
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -14.33 17.62
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -42.82 72.10
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -44.91 44.59
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -38.18 12.52
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Shoreline Change at MHW 20.05 8.81
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Volume Change Above 0.48 5.41
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] Volume Change Above 3.81 8.30
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] Volume Change Above -13.08 18.13
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i Volume Change Above -45.25 76.47
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Volume Change Above -42.77 26.12
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1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
947+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 8.79 27.06
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.62 2.35
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.77 6.48
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -19.53 27.14
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -61.75 96.16
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -62.52 77.47
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -57.46 60.16
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
950+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -25.81 35.24
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.83 3.84
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.07 9.85
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -28.92 27.91
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -67.08 101.52
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -65.94 81.93
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -55.09 48.33
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
952+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 7.23 27.36
(1.18 ft NAVD8S8) ft ft
Volume Change Above -1.62 4.41
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 0.53 10.10
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -17.91 21.76
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -61.12 88.84
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -62.08 80.48
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -51.92 56.13
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
955+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 7.48 36.11
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.92 5.74
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.75 13.98
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.80 25.82
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -39.06 89.84
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -40.51 100.96
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -28.65 82.58
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
957+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 15.84 20.37
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.09 6.86
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.78 13.98
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -6.05 22.02
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -19.42 88.03
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -12.50 97.32
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.47 57.97
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Town of Nags Head Periodic Surveying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
960+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -29.42 43.26
(1.18 ft NAVD8S8) ft ft
Volume Change Above 5.38 9.87
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.23 21.82
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -21.43 37.04
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -27.79 93.40
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -4.57 43.34
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -2.97 14.81
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
962+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -12.48 30.71
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.61 5.28
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 0.60 14.16
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -7.84 14.48
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 5.75 58.30
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above 22.68 23.15
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 26.91 -1.30
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
965+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -4.09 31.77
(1.18 ft NAVD88) ft ft
Volume Change Above 5.27 3.41
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 412 11.53
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.43 13.46
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -49.41 77.89
-14 ft NAVD88 cy/ft cy/ft
Volume Change Above -52.94 72.31
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -51.56 52.33
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 ———— JUNE 2023
Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
967+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -15.73 36.42
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.19 3.43
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -2.54 13.80
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.70 17.01
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -54.64 66.83
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -84.06 76.19
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -79.13 51.73
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
970+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -16.64 27.33
(1.18 ft NAVD8S8) ft ft
Volume Change Above -0.17 7.68
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -5.17 16.77
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -28.58 30.27
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -92.24 100.43
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -113.63 86.85
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -114.19 52.18
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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: : : : : : : 972+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -63.16 54.91
i (1.18 ft NAVD8S8) ft ft
Volume Change Above 1.03 10.14
+6 ft NAVD88 cy/ft cy/ft
] Volume Change Above -7.70 21.41
1.18 ft NAVD88 cy/ft cy/ft
n Volume Change Above -27.55 27.15
-6 ft NAVD88 cy/ft cy/ft
] Volume Change Above -64.13 73.03
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -72.21 53.02
7 -19 ft NAVD88 cy/ft cy/ft
Volume Change Above -69.08 28.66
g -30 ft NAVD88 cy/ft cy/ft
LEGEND:
: : . ' ' : . OCTOBER 2023
500 1000 1500 2000 2500 3000 3500 4000 JUNE 2024 JUNE 2023

Distance Offshore (ft)

T T T T T T T T T Notes:

200 400 600 800 1000 1200 1400 1600 1800 2000 Town of Nags Head Periodic Surve

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
975+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -50.98 37.48
(1.18 ft NAVD8S8) ft ft
Volume Change Above 1.68 8.15
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above —-7.48 19.13
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -24.34 22.00
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -64.35 66.76
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -69.71 33.74
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -72.48 -4.02
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Town of Nags Head

Periodic Surveying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
977+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -25.84 16.55
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.08 8.28
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.00 14.35
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -9.37 11.14
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -64.41 60.65
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -64.61 48.21
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -75.48 32.73
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
980+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -14.38 11.69
(1.18 ft NAVD8S8) ft ft
Volume Change Above -3.96 8.10
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above —-7.48 12.68
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -14.86 11.30
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -62.34 59.51
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -61.09 83.58
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -57.06 64.57
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
982+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -14.08 1.44
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.49 3.58
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.30 5.92
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -9.07 7.80
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -32.74 45.64
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -29.92 34.62
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -23.53 11.18
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
985+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -14.11 -11.46
(1.18 ft NAVD8S8) ft ft
Volume Change Above -0.25 4.19
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.06 5.56
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.80 5.18
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -36.12 35.36
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -28.99 19.97
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -22.67 -3.85
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023
Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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T T T T T T T 987+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -36.77 25.45
| (1.18 ft NAVD88) ft ft
Volume Change Above -0.21 0.12
+6 ft NAVD88 cy/ft cy/ft
] Volume Change Above -5.58 4.72
1.18 ft NAVD88 cy/ft cy/ft
7] Volume Change Above -18.99 10.58
-6 ft NAVD88 cy/ft cy/ft
] Volume Change Above -44.63 35.53
-14 ft NAVD88 cy/ft cy/ft
Volume Change Above -41.99 26.25
7 -19 ft NAVD88 cy/ft cy/ft
Volume Change Above -33.36 6.24
E -30 ft NAVD88 cy/ft cy/ft
LEGEND:
: : . ' ' : . OCTOBER 2023
500 1000 1500 2000 2500 3000 3500 4000 JUNE 2024 JUNE 2023
Distance Offshore (ft)
T T T T T T T T T Notes:
1. Station From North To South At Varying Intervals.
7] 2. All Survey Elevations In Feet Referenced to NAVD88.
| | | | | | | | | : ¥ S
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Survey Transect JUNE 2023 - OCTOBER 2023
990+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -24.04 17.24
(1.18 ft NAVD8S8) ft ft
Volume Change Above -2.28 4.54
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -5.99 9.48
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -14.90 12.48
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -63.50 58.51
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -67.47 61.68
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -62.74 41.15
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Distance Offshore (ft)

Survey Transect JUNE 2023 - OCTOBER 2023
992+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -20.57 -7.82
(1.18 ft NAVD8S8) ft ft
Volume Change Above -0.70 4.33
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.83 7.14
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -15.30 10.82
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -46.85 48.85
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -52.50 66.73
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -61.38 53.16
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
995+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -11.96 2.60
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.17 1.29
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.18 4.36
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -14.72 12.96
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -44.86 50.81
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -43.45 83.85
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -20.91 61.03
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
997+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -3.65 5.63
(1.18 ft NAVD8S8) ft ft
Volume Change Above 1.23 5.74
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.49 8.85
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.96 11.61
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -25.23 47.21
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -2.94 25.54
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 17.64 -39.67
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1000+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -1.66 16.89
(1.18 ft NAVD8S8) ft ft
Volume Change Above -0.54 3.58
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.17 8.30
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -5.10 15.78
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -19.28 50.82
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -26.57 64.94
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -32.23 46.46
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1002+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -11.89 20.37
(1.18 ft NAVD8S8) ft ft
Volume Change Above -2.47 3.17
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -5.03 7.95
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -9.89 14.10
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -23.02 36.75
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -15.54 57.44
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -20.52 32.72
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023
Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Town of Nags Head Periodic Surveying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
1005+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -12.39 -6.90
(1.18 ft NAVD8S8) ft ft
Volume Change Above -1.86 1.60
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -5.01 2.72
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -8.91 5.32
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -26.12 37.20
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -5.75 45.81
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -7.21 21.60
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

ying Data Analysis

ST 1005+00 Pg 30f173

2024




30

Elevation (ft NAVD88)
3 o 3 8

|
N
o

30

-t N N
[¢;] o [8)]

-
o

Elevation (ft NAVD88)
o

|
[¢)]

-10

-15

T T T T T T T
| | | | | |
500 1000 1500 2000 2500 3000 3500 4000
Distance Offshore (ft)
T T T T T T T T T
| | | | | | | |
200 400 600 800 1000 1200 1400 1600 1800 2000
Distance Offshore (ft)

Survey Transect JUNE 2023 - OCTOBER 2023
1007+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -38.83 -0.74
(1.18 ft NAVD8S8) ft ft
Volume Change Above -2.41 1.79
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -10.18 3.93
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -18.88 5.85
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -34.34 22.44
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -15.76 39.33
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -17.86 19.60
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 ———— JUNE 2023
Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1010+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -76.86 -9.77
(1.18 ft NAVD8S8) ft ft
Volume Change Above -4.83 -0.77
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -18.17 -1.73
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -32.05 -3.39
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -53.04 -0.85
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -34.50 6.01
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -37.78 -31.33
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023
Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Town of Nags Head Periodic Surveying Data Analysis

ST1010:00 | Pg 50f173 2024




30

Elevation (ft NAVD88)
3 o 3 8

|
N
o

30

-t N N
[¢;] o [8)]

-
o

Elevation (ft NAVD88)
o

|
[¢)]

-10

-15

500 1000 1500 2000 2500 3000 3500 4000
Distance Offshore (ft)

200 400 600 800 1000 1200 1400 1600 1800 2000
Distance Offshore (ft)

Survey Transect JUNE 2023 - OCTOBER 2023
1012+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -13.50 -24.85
(1.18 ft NAVD8S8) ft ft
Volume Change Above -0.82 0.50
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.48 -2.24
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.71 -8.48
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -7.12 1.37
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 8.65 17.26
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.73 -13.37
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1015+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -34.16 12.90
(1.18 ft NAVD8S8) ft ft
Volume Change Above 6.45 -1.04
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.77 -0.77
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -14.61 7.95
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 5.77 8.81
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 9.28 17.88
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 23.57 -7.54
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1017+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -17.25 43.45
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.19 4.22
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.45 10.75
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -18.69 46.23
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -9.99 61.17
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -25.05 76.80
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -14.90 54.98
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023
Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88
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Survey Transect JUNE 2023 - OCTOBER 2023
1020+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 14.16 9.37
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.60 -1.33
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 2.51 -1.00
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 7.55 5.87
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 31.10 -3.38
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 30.37 2.27
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 41.53 -16.90
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1022+50 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -6.22 -10.46
(1.18 ft NAVD8S8) ft ft
Volume Change Above -0.97 -2.90
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -0.83 -4.81
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -23.39 13.45
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -7.35 9.78
-14 ft NAVD88 oy/ft oy/ft
Volume Change Above 9.91 -28.19
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 21.12 —-26.68
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1025+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 42.23 -33.16
(1.18 ft NAVD8S8) ft ft
Volume Change Above 5.79 -2.72
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.80 -9.37
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 26.12 -15.50
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 69.98 -24.13
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 73.62 -5.14
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 73.98 -14.79
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1030+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -16.61 19.46
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.08 0.32
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 2.62 2.16
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.49 22.06
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 30.32 10.02
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 39.49 -9.82
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 40.77 -20.75
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Town of Nags Head Periodic Surve

ying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
1035+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -9.30 15.93
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.52 -2.26
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 0.34 0.00
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -6.86 7.70
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -0.53 55.64
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -10.46 43.45
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -6.40 28.09
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1040+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -22.93 12.98
(1.18 ft NAVD8S8) ft ft
Volume Change Above -0.36 -1.91
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.63 -1.78
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -20.62 18.59
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.97 30.95
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -16.79 17.45
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -14.68 217
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1045+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -18.79 -3.60
(1.18 ft NAVD8S8) ft ft
Volume Change Above -0.24 -0.90
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -2.11 -2.83
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -19.30 7.13
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -36.83 38.06
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -43.20 15.77
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -40.53 -2.88
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Town of Nags Head Periodic Surve
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Survey Transect JUNE 2023 - OCTOBER 2023
1050+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -29.42 -3.90
(1.18 ft NAVD8S8) ft ft
Volume Change Above -1.98 -1.72
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.82 -4.49
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -16.99 0.11
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -18.78 29.71
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -17.73 3.83
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -13.17 -15.12
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 ———— JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.

2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1055+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -19.34 -9.31
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.52 -5.91
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.59 -8.01
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -5.35 -3.48
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 12.26 14.48
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above 15.71 -6.47
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 20.61 -25.20
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1060+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -1.65 -21.25
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.66 -9.55
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.98 -13.59
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.62 -15.25
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 15.76 -0.55
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above 20.48 -18.56
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 30.46 -37.88
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023
Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Town of Nags Head Periodic Surveying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
1065+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -8.79 -3.71
(1.18 ft NAVD8S8) ft ft
Volume Change Above 1.43 -6.77
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.16 -9.25
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -4.98 -4.44
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -0.43 13.08
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above 4.93 -0.68
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 15.90 -15.58
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1070+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 10.10 -22.00
(1.18 ft NAVD8S8) ft ft
Volume Change Above 1.82 -2.78
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 5.35 -6.90
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.60 -5.26
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 0.65 28.06
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above 8.18 14.12
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 20.48 -1.40
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1075+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 12.45 -2.68
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.99 -0.99
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.21 -1.94
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 5.26 2.89
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 20.82 30.53
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above 29.09 9.60
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 38.55 -6.16
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1080+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 7.36 -11.51
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.90 -3.04
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.90 -5.86
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.41 -4.76
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.46 43.38
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -4.53 22.82
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.19 5.42
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023
Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1090+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -3.54 9.31
(1.18 ft NAVD8S8) ft ft
Volume Change Above -0.37 -5.73
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.88 -6.17
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.64 -5.41
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.92 32.65
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 8.93 14.45
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 20.59 -2.08
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1100+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -25.93 15.43
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.98 1.25
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.25 5.47
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.07 3.10
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -18.22 36.45
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -9.84 16.21
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.28 -1.84
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023
Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Town of Nags Head Periodic Surveying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
1110+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 7.74 16.59
(1.18 ft NAVD8S8) ft ft
Volume Change Above -1.49 1.84
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 2.04 3.00
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.80 -1.95
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.16 35.75
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 2.02 10.81
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 22.05 -9.60
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1120+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -9.49 8.63
(1.18 ft NAVD8S8) ft ft
Volume Change Above -0.63 4.05
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.56 8.50
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -8.40 1.97
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -29.28 42.87
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -25.07 17.09
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -9.32 -0.40
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1130+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -2.44 9.16
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.65 1.86
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -0.85 4.31
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.66 -1.91
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -21.51 47.26
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -18.83 24.05
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -2.50 5.12
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1140+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 6.51 -5.62
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.80 6.56
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 3.77 6.40
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.09 2.26
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -27.60 64.88
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -24.70 50.62
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -11.11 36.49
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 ———— JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

4 : l.. -_s | 2 v
Town of Nags Head Periodic Surveying Data Analysis

ST1140:00 | Pg 28 of 173 2024




30

Elevation (ft NAVD88)
3 o 3 8

|
N
o

30

-t N N
[¢;] o [8)]

-
o

Elevation (ft NAVD88)
o

|
[¢)]

-10

-15

500

1000 1500 2000 2500 3000 3500 4000

Distance Offshore (ft)

200

1400

400 600 800 1000 1200 1600 1800 2000

Distance Offshore (ft)

Survey Transect JUNE 2023 - OCTOBER 2023
1150+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 34.23 -40.84
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.80 1.23
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 12.33 -5.65
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 16.47 -20.58
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 9.12 15.47
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 0.56 4.99
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 21.52 -13.61
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.

Town of Nags Head Periodic Surveying Data Analysis
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Survey Transect JUNE 2023 - OCTOBER 2023
1160+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 32.20 -46.98
(1.18 ft NAVD8S8) ft ft
Volume Change Above 3.89 -1.34
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 11.63 -10.03
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 10.38 -26.01
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 37.91 -12.53
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 35.93 -18.23
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 55.37 -30.75
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1170+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 31.13 -56.41
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.83 1.89
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 10.37 -7.47
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 11.41 -30.60
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.74 -3.59
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above 16.81 -16.12
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 41.73 -29.91
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1180+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 55.42 -16.76
(1.18 ft NAVD8S8) ft ft
Volume Change Above 15.20 -0.32
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 23.17 -3.16
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 37.11 -9.48
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 64.79 -4.17
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above 68.05 -17.75
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 97.30 -34.56
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1190+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -2.11 1.58
(1.18 ft NAVD8S8) ft ft
Volume Change Above 1.80 1.44
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 1.17 1.83
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -5.37 -4.64
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -1.25 20.59
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -1.57 16.63
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 29.61 2.55
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1200+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 6.42 -23.60
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.13 3.29
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.83 -1.67
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -2.05 -6.26
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 4.60 14.10
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above 6.88 26.31
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 37.40 11.19
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1210+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -11.89 6.29
(1.18 ft NAVD8S8) ft ft
Volume Change Above 6.07 2.83
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 6.88 2.80
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 8.81 2.51
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 27.82 -2.46
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above 67.64 2.13
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 93.79 -10.92
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1220+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 48.31 -10.79
(1.18 ft NAVD8S8) ft ft
Volume Change Above 5.24 1.44
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 13.69 -2.38
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 16.74 -3.27
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 32.79 -18.54
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above 55.22 -41.16
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 70.98 -45.31
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1230+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 29.36 -23.76
(1.18 ft NAVD8S8) ft ft
Volume Change Above 4.81 4.49
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 10.29 0.11
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above 20.67 -17.06
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above 25.34 -6.49
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above 31.92 -18.43
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 44.70 -34.30
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1240+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -41.70 7.71
(1.18 ft NAVD8S8) ft ft
Volume Change Above 2.95 5.40
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -3.91 7.44
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -9.79 0.33
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -20.18 7.67
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above 11.26 -6.04
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above 63.95 -101.22
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1250+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -21.55 8.06
(1.18 ft NAVD8S8) ft ft
Volume Change Above 0.22 3.83
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -2.61 5.65
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -19.23 4.11
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -29.49 4.03
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -37.94 -15.81
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -27.35 21.22
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Survey Transect JUNE 2023 - OCTOBER 2023
1260+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -43.38 -4.86
(1.18 ft NAVD8S8) ft ft
Volume Change Above 5.62 5.06
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above 0.91 3.70
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -24.85 0.28
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -43.62 19.54
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -53.81 22.94
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -17.00 -3.73
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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1270+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW 61.27 -17.50
1 (1.18 ft NAVD8S8) ft ft
Volume Change Above 16.64 -0.53
+6 ft NAVD88 cy/ft cy/ft
] Volume Change Above 26.10 -3.51
1.18 ft NAVD88 cy/ft cy/ft
] Volume Change Above 33.01 -7.92
-6 ft NAVD88 cy/ft cy/ft
= Volume Change Above 30.41 -1.61
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above 13.23 1.50
7 -19 ft NAVD88 cy/ft cy/ft
Volume Change Above 37.98 -12.79
E -30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
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Notes:

1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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Elevation

(ft NAVDSS)

Survey Transect JUNE 2023 - OCTOBER 2023
30 T T T T T T T 1280+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -10.60 -8.97
20l i (1.18 ft NAVD8S8) ft ft
Volume Change Above 0.69 -1.92
+6 ft NAVD88 cy/ft cy/ft
10 ] Volume Change Above -1.72 -3.43
1.18 ft NAVD88 cy/ft cy/ft
or 7] Volume Change Above -11.34 -10.15
-6 ft NAVD88 cy/ft cy/ft
_10 Volume Change Above -11.85 2.69
—14 ft NAVD88 oy/ft oy/ft
Volume Change Above -31.55 24.01
—20 } 19 ft NAVD88 cy/ft cy/ft
Volume Change Above -8.28 15.08
30 — -30 ft NAVD88 cy/ft cy/ft
LEGEND:
-40 : ' ' ' ' ' ' OCTOBER 2023
500 1000 1500 2000 2500 3000 3500 4000 JUNE 2024 —  JUNE 2023
Distance Offshore (ft)
30 T T T T T T T T T Notes:
1. Station From North To South At Varying Intervals.
251 7] 2. All Survey Elevations In Feet Referenced to NAVD88.
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2000

Survey Transect JUNE 2023 - OCTOBER 2023
1290+00 OCTOBER 2023| JUNE 2024
Shoreline Change at MHW -36.76 27.40
(1.18 ft NAVD8S8) ft ft
Volume Change Above 1.87 -0.34
+6 ft NAVD88 cy/ft cy/ft
Volume Change Above -2.47 3.94
1.18 ft NAVD88 cy/ft cy/ft
Volume Change Above -24.01 14.32
-6 ft NAVD88 cy/ft cy/ft
Volume Change Above -15.95 5.22
—14 ft NAVD88 cy/ft oy/ft
Volume Change Above -41.74 32.08
-19 ft NAVD88 cy/ft cy/ft
Volume Change Above -20.01 26.95
-30 ft NAVD88 cy/ft cy/ft
LEGEND:
OCTOBER 2023
JUNE 2024 JUNE 2023

Notes:
1. Station From North To South At Varying Intervals.
2. All Survey Elevations In Feet Referenced to NAVD88.
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APPENDIX C
TABULATED SHORELINE AND
VOLUME CHANGE DATA
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NOTES:

1. Positive changes indicate accretion or gain in volume along the profile and negative changes indicate erosion or loss of volume along the profile.

Above Berm

Above MHW

g:;;glén@; (+6 ft NAVDSS) (+1.18 ft NAVDSS) Above -6 ft NAVD88 | Above -14 ft NAVD88 | Above -19 ft NAVD88 | Above -30 ft NAVD88
Reach Transect Station MHW 2024 2023-2024 2024 2023-2024 2024 2023-2024 2024 2023-2024 2024 2023-2024 2024 2023-2024
Number (+1.18 ft Measured | Volume | Measured | Volume | Measured | Volume | Measured | Volume | Measured | Volume | Measured | Volume
NAVD) Volume Change Volume Change Volume Change Volume Change Volume Change Volume Change
(cyl/ft) (cylft) (cy/ft) (cyl/ft) (cyl/ft) (cylft) (cylft) (cyl/ft) (cyl/ft) (cylft) (cylift) (cyl/ft)
1 430+00 7.27 87.44 2.51 125.01 2.40 208.25 12.63 404.56 8.67 665.11 13.47 1538.26 28.98
2 435+00 -0.18 23.57 0.73 48.00 -1.09 114.50 4,58 292.90 14.21 535.19 26.81 1377.30 44,11
3 440+00 30.96 41.67 6.65 69.95 11.98 135.18 21.87 318.69 31.88 561.63 36.03 1409.39 52.72
£ 4 445+00 -20.73 24.98 1.12 46.68 -1.68 92.64 -20.52 270.96 -6.00 511.65 -6.15 1354.36 16.64
S 5 450+00 2.19 31.47 1.40 55.73 2.21 104.32 -1.87 292.99 16.33 525.35 10.57 1364.57 29.78
2 6 455+00 38.27 44 55 8.11 71.74 14.55 127.17 20.31 320.10 29.63 558.76 27.53 1402.46 51.57
© 7 460+00 -9.71 43.71 3.24 68.70 2.83 118.61 -3.81 303.75 13.48 539.98 13.74 1379.19 33.62
T 8 465+00 41.55 37.67 5.91 62.98 12.99 115.01 6.75 304.06 23.62 537.31 15.66 1375.92 38.20
§ 9 470+00 20.73 45.16 4.10 76.71 7.28 147.78 17.31 332.20 10.61 567.21 -2.51 1413.61 10.78
pd 10 475+00 -62.74 49.38 -0.10 76.60 -9.22 131.91 -36.32 320.91 -33.27 559.55 -42.50 1410.72 -27.79
11 480+00 12.12 35.43 1.72 63.01 3.10 118.92 2.77 300.72 2.51 535.97 -9.74 1378.30 -2.53
12 485+00 19.23 60.10 3.91 91.80 5.94 154.89 -6.24 348.27 13.75 590.69 17.64 1441.82 31.13
13 490+00 13.32 58.66 5.60 92.27 7.94 160.42 -3.21 377.27 41.67 627.48 41.94 1479.38 52.61
14 495+00 -34.16 53.30 6.45 84.28 3.77 144.95 -14.61 349.71 5.77 601.12 9.28 1450.97 23.57
15 500+00 -17.25 44,53 4.19 74.57 3.45 135.61 -18.69 332.81 -9.99 566.33 -25.05 1409.52 -14.90
16 505+00 14.16 40.69 0.60 69.05 2.51 133.80 7.55 329.85 31.10 571.34 30.37 1417.38 41.53
17 510+00 -6.22 29.82 -0.97 61.23 -0.83 123.30 -23.39 326.93 -7.35 535.56 9.91 1377.60 21.12
18 515+00 42.23 51.38 5.79 86.81 13.80 158.65 26.12 372.96 69.98 616.37 73.62 1465.86 73.98
19 520+00 -16.61 46.38 3.08 81.30 2.62 159.70 -3.49 383.94 30.32 632.80 39.49 1477.62 40.77
20 525+00 -9.30 21.25 0.52 53.97 0.34 118.26 -6.86 335.98 -0.53 577.64 -10.46 1414.15 -6.40
21 530+00 -22.93 26.52 -0.36 56.21 -3.63 122.45 -20.62 337.34 -11.97 582.23 -16.79 1415.20 -14.68
22 535+00 -18.79 35.66 -0.24 67.07 -2.11 129.55 -19.30 318.35 -36.83 561.92 -43.20 1401.41 -40.53
23 540+00 -29.42 42.08 -1.98 73.44 -3.82 135.94 -16.99 337.76 -18.78 585.89 -17.73 1431.69 -13.17
24 545+00 -19.34 42.90 2.52 75.12 1.59 142.38 -5.35 354.78 12.26 598.81 15.71 1440.92 20.61
25 550+00 -1.65 21.91 2.66 48.81 3.98 117.17 13.62 315.16 15.76 552.00 20.48 1377.24 30.46
26 555+00 -8.79 27.11 1.43 55.60 1.16 119.35 -4.98 316.76 -0.43 554.52 4.93 1379.93 15.90
27 560+00 10.10 18.42 1.82 44.71 5.35 104.01 3.60 298.93 0.65 535.74 8.18 1354.17 20.48
28 565+00 12.45 26.86 2.99 54.46 6.21 116.08 5.26 320.64 20.82 558.07 29.09 1381.25 38.55
29 570+00 7.36 27.00 0.90 53.66 3.90 113.05 1.41 307.66 -11.46 545.49 -4.53 1375.48 3.19
30 575+00 -3.54 12.79 -0.37 35.62 1.88 87.67 -1.64 279.76 1.92 514.36 8.93 1340.37 20.59
31 580+00 -25.93 21.45 0.98 42.71 -3.25 93.00 -11.07 270.39 -18.22 506.46 -9.84 1332.04 4.28
32 585+00 7.74 16.13 -1.49 43.54 2.04 103.78 3.80 297.12 -3.16 534.13 2.02 1358.69 22.05
33 590+00 -9.49 12.04 -0.63 37.72 -3.56 93.65 -8.40 283.64 -29.28 521.91 -25.07 1342.14 -9.32
34 595+00 -2.44 19.78 0.65 46.48 -0.85 104.15 -1.66 306.38 -21.51 545.93 -18.83 1366.78 -2.50
35 600+00 6.51 71.83 2.80 108.50 3.77 180.68 1.09 398.15 -27.60 653.45 -24.70 1502.76 -11.11
36 605+00 34.23 30.53 4.80 60.76 12.33 122.53 16.47 320.38 9.12 557.53 0.56 1391.12 21.52
37 610+00 32.20 31.96 3.89 59.58 11.63 115.89 10.38 319.48 37.91 566.13 35.93 1395.76 55.37
38 615+00 31.13 37.33 2.83 67.75 10.37 130.62 11.41 335.18 13.74 592.18 16.81 1429.37 41.73
39 620+00 55.42 42.07 15.20 79.06 23.17 165.63 37.11 380.34 64.79 633.70 68.05 1472.54 97.30
40 625+00 -2.11 40.56 1.80 72.99 1.17 139.72 -5.37 351.50 -1.25 601.68 -1.57 1442.58 29.61
41 630+00 6.42 51.99 4.13 85.40 6.83 154.05 -2.05 371.92 4.60 631.21 6.88 1474.20 37.40
;‘ 42 635+00 -11.89 36.12 6.07 67.50 6.88 145.60 8.81 347.57 27.82 622.36 67.64 1445.18 93.79
3 43 640+00 48.31 58.52 5.24 100.28 13.69 190.90 16.74 403.14 32.79 656.67 55.22 1452.04 70.98
& 44 645+00 29.36 57.86 4.81 97.86 10.29 187.57 20.67 408.63 25.35 658.48 31.92 1407.24 44.70
45 650+00 -41.70 54.32 2.95 84.21 -3.91 160.97 -9.79 358.51 -20.18 618.36 11.26 1479.04 63.95
46 655+00 -21.55 36.21 0.22 63.29 -2.61 122.53 -19.23 308.61 -29.49 542.79 -37.94 1371.46 -27.35
47 660+00 -43.38 54.06 5.62 80.12 0.91 134.08 -24.85 330.70 -43.62 572.55 -53.81 1374.69 -17.00
48 665+00 61.27 68.91 16.64 107.68 26.10 186.50 33.01 381.08 30.41 622.27 13.23 1434.78 37.98
49 670+00 -10.60 36.04 0.69 62.83 -1.72 121.27 -11.34 313.87 -11.85 545.59 -31.55 1349.23 -8.27
50 675+00 -36.76 3.26 1.87 14.10 -2.47 44,53 -24.01 200.00 -15.95 403.61 -41.74 1173.25 -20.01
51 680+00 62.71 51.11 5.87 85.55 13.96 171.02 36.59 360.17 40.06 581.84 28.16 1397.51 48.16
52 685+00 -24.87 44.69 3.47 73.90 1.29 137.31 -10.86 330.72 0.56 561.34 -16.74 1385.81 1.80
53 690+00 22.14 51.37 2.35 79.51 5.20 145.69 5.54 339.65 7.30 565.35 -18.20 1385.30 -1.22
54 695+00 -49.04 50.85 0.42 75.44 -8.28 133.91 -19.45 326.53 -22.99 554.68 -48.51 1374.32 -27.44
55 700+00 38.88 49.13 -0.86 82.94 413 150.51 7.42 332.84 9.94 548.44 -15.15 1358.98 3.64
56 705+00 8.09 46.52 1.87 74.49 3.66 134.50 -6.74 329.25 14.36 538.37 -19.11 1345.37 -5.99
57 710+00 3.96 44,13 -1.04 70.05 -1.00 123.41 -10.59 311.90 7.62 542.71 3.04 1346.90 17.03
58 715+00 31.14 52.04 1.67 87.13 8.27 159.00 3.08 353.35 30.64 580.43 8.01 1384.52 21.05
59 720+00 -40.56 57.18 1.22 90.72 -3.17 160.68 -21.99 361.49 -36.92 591.58 -60.27 1398.69 -43.53
60 725+00 -41.03 37.67 3.69 65.78 -2.31 126.39 -15.61 317.57 -14.36 551.05 -26.02 1346.77 -10.93
61 730+00 62.85 45.67 1.91 80.05 9.56 157.79 28.44 364.56 33.05 591.27 7.07 1391.67 22.32
62 735+00 60.32 35.04 2.42 68.41 12.00 138.30 22.78 352.28 51.40 578.62 28.57 1377.70 50.41
63 740+00 31.51 43.80 0.23 78.12 4.90 146.24 473 343.77 -7.01 584.10 -13.98 1413.34 -2.52
64 745+00 -12.58 55.92 0.12 95.59 -1.60 173.45 -23.90 372.64 -29.72 606.27 -21.19 1436.87 -4.23
65 750+00 -43.77 73.02 -1.69 114.48 -7.67 195.62 -33.36 403.86 -99.84 640.73 -125.98 1477.73 -108.10
66 755+00 2.31 68.01 2.17 111.51 4.15 196.68 0.47 411.89 -28.04 653.20 -41.38 1484.75 -21.14
67 760+00 36.54 46.52 0.36 93.01 6.45 179.52 10.79 402.38 -12.86 661.38 -8.27 1493.72 14.42
68 765+00 51.50 25.29 3.10 62.77 13.15 135.39 19.95 357.63 26.67 613.11 37.32 1424.05 53.72
69 770+00 35.08 42.95 3.27 83.54 13.48 171.52 26.12 413.71 34.80 668.52 37.51 1497.65 51.90
70 775+00 5.86 63.97 3.47 105.36 4.66 205.66 1.89 434.48 -13.72 654.51 -53.28 1480.62 -39.91
71 780+00 27.15 26.10 2.94 71.60 6.52 174.60 21.09 413.82 14.22 687.09 29.15 1503.49 41.41
72 785+00 45.79 45.68 2.85 93.79 8.83 187.60 9.31 410.36 -23.95 681.26 -22.07 1506.96 -11.98




Above Berm

Above MHW

g:;)rrlzléné) (+6 ft NAVDSS) (+1.18 ft NAVDSS) Above -6 ft NAVD88 | Above -14 ft NAVD88 | Above -19 ft NAVD88 | Above -30 ft NAVD88
Reach Transect Station MHW 2024 2023-2024 2024 2023-2024 2024 2023-2024 2024 2023-2024 2024 2023-2024 2024 2023-2024
Number (+1.18 ft Measured | Volume | Measured | Volume | Measured | Volume | Measured | Volume | Measured | Volume | Measured | Volume
NAVD) Volume Change Volume Change Volume Change Volume Change Volume Change Volume Change
(cy/ft) (cylft) (cylft) (cy/ft) (cyl/ft) (cylft) (cylft) (cyl/ft) (cy/ft) (cylft) (cylft) (cyl/ft)
73 790+00 5.93 5.32 1.04 33.51 1.74 94.04 -7.60 291.07 -42.66 540.07 -38.41 1324.21 -28.98
74 795+00 0.71 57.28 0.61 95.87 1.53 168.30 -18.68 382.14 -33.05 638.46 -35.45 1451.58 -29.26
75 800+00 16.82 23.57 2.21 63.70 7.12 150.21 16.09 354.17 -3.70 600.97 -8.60 1395.20 -0.13
76 805+00 8.05 45.29 3.04 82.25 4.87 151.98 -1.37 364.96 -11.33 615.29 -12.93 1409.55 -4.82
77 810+00 -1.86 62.18 451 98.04 6.19 182.08 4.40 384.32 -6.91 637.80 -5.08 1433.44 6.29
78 815+00 72.97 54.34 5.36 95.49 15.42 186.64 25.59 367.11 -7.44 617.66 -7.57 1408.74 4.49
79 820+00 10.62 50.21 2.81 91.48 5.16 175.74 2.30 375.56 -15.78 624.96 -21.66 1421.19 -16.20
80 825+00 27.16 47.27 4.85 79.82 8.53 152.64 6.90 352.05 1.58 599.93 -2.23 1388.78 6.44
81 830+00 -45.40 43.03 4.50 69.90 -0.23 128.08 -21.88 318.91 -30.72 572.26 -29.52 1356.46 -18.35
82 835+00 66.19 22.28 3.79 55.78 13.92 130.90 25.31 306.20 5.36 543.27 -1.16 1301.26 8.26
83 840+00 0.89 33.05 3.65 60.95 4.83 117.37 -18.03 322.74 7.35 561.11 5.55 1321.23 17.83
~ 84 845+00 33.35 59.97 8.92 106.59 16.28 205.46 21.44 420.54 37.39 675.10 45,75 1448.83 63.29
5 85 850+00 -0.67 28.00 7.63 56.90 9.26 132.54 8.42 332.19 25.72 575.96 29.17 1302.12 62.32
3 86 855+00 -41.02 51.14 7.25 87.94 5.45 172.18 -8.31 378.90 -20.95 633.69 -17.32 1416.37 -20.06
o 87 860+00 -1.25 36.11 8.22 73.94 10.21 158.17 3.41 363.00 -17.40 602.59 -23.46 1357.33 -12.40
88 865+00 10.39 51.56 6.40 94.20 12.24 189.75 16.29 403.63 22.77 655.30 31.42 1418.91 46.15
89 870+00 23.53 45.67 4.33 88.08 9.76 178.38 10.77 388.10 31.37 641.15 42.03 1401.07 57.63
90 872+00 33.74 33.69 5.32 73.96 13.76 153.10 11.94 352.19 16.92 597.74 23.98 1348.07 41.27
91 880+00 -21.33 44,75 4.20 82.34 4.27 151.88 -18.69 361.63 -29.72 609.81 -27.32 1367.67 -20.41
92 885+00 -6.44 47.26 7.17 87.60 11.45 166.75 -1.55 385.72 3.25 636.32 7.24 1422.46 21.53
93 890+00 -7.56 43.27 7.46 84.41 11.61 160.83 -6.01 376.08 -8.81 618.95 -10.42 1406.59 6.22
94 895+00 -8.73 48.06 6.48 86.62 7.61 158.64 -10.45 369.76 -19.77 617.50 -14.39 1391.35 -2.80
95 900+00 -4.64 55.07 5.18 96.24 9.93 172.34 -12.30 386.31 -21.01 634.65 -16.18 1415.09 -0.69
96 905+00 0.88 16.13 0.40 45.06 6.37 102.69 -12.21 296.88 -2.81 532.51 -0.75 1278.73 13.30
97 910+00 -15.49 30.20 457 62.57 4.37 125.04 -13.16 312.22 -38.87 544.33 -43.10 1296.56 -27.72
98 915+00 -0.50 8.03 3.43 33.09 6.50 84.56 -11.07 274.45 -16.14 498.72 -19.16 1237.71 -1.64
99 920+00 46.20 57.91 4.61 100.67 13.15 179.99 1.29 388.16 -3.16 633.16 -1.21 1414.50 3.41
100 922+50 7.30 68.17 8.24 110.37 12.84 188.21 -1.91 394.12 -12.09 635.90 -14.89 1419.64 2.01
101 925+00 1.87 61.85 5.12 104.96 8.88 183.43 -10.47 387.85 -17.62 631.94 -19.92 1411.58 -7.43
102 927+50 35.78 48.53 4.75 88.63 11.61 161.56 -11.10 358.59 -44.81 601.23 -50.65 1371.31 -42.44
103 930+00 -0.27 39.82 2.87 80.09 6.43 154.13 -15.73 338.72 -50.53 582.32 -52.14 1351.07 -42.75
104 932+50 37.21 57.21 6.76 96.74 14.21 170.56 9.27 355.46 -11.13 589.07 -20.52 1350.86 -16.18
105 935+00 40.13 58.56 3.85 106.52 9.88 193.26 -0.55 412.65 -14.18 664.92 -17.70 1437.86 -18.12
- 106 937+50 42.43 35.39 5.80 70.54 12.95 137.07 9.99 338.61 2.26 575.51 0.99 1310.99 -3.46
= 107 940+00 26.63 59.20 455 109.71 9.13 201.87 -6.23 414.27 -34.06 663.33 -39.61 1422.60 -41.97
Z. 108 942+50 5.57 52.73 2.71 94.95 4.66 171.97 -14.33 369.95 -42.82 611.83 -44.91 1353.35 -38.18
™ 109 945+00 20.05 45.69 0.48 92.41 3.81 177.03 -13.08 383.22 -45.25 631.11 -48.49 1396.33 -42.77
G 110 947+50 8.79 27.08 3.62 58.96 6.77 121.52 -19.53 302.04 -61.75 536.71 -62.52 1292.30 -57.46
§ 111 950+00 -25.81 55.82 4.83 93.65 4.07 162.31 -28.92 352.78 -67.08 594.86 -65.94 1380.03 -55.09
112 952+50 7.23 34.97 -1.62 77.76 0.53 156.51 -17.91 338.97 -61.12 582.05 -62.08 1376.03 -51.92
113 955+00 7.48 63.70 2.92 114.49 4.75 204.50 -11.80 404.69 -39.06 650.54 -40.51 1459.10 -28.65
114 957+50 15.84 50.59 3.09 92.75 478 171.67 -6.05 369.88 -19.42 608.94 -12.50 1393.78 1.47
115 960+00 -29.42 75.04 5.38 123.28 1.23 209.58 -21.43 432.82 -27.79 690.16 -4.57 1497.01 -2.97
116 962+50 -12.48 36.54 2.61 70.11 0.60 133.08 -7.84 344.86 5.75 597.07 22.68 1366.48 26.91
117 965+00 -4.09 51.52 5.27 98.35 412 184.28 1.43 380.59 -49.41 638.00 -52.94 1423.61 -51.56
118 967+50 -15.73 30.68 2.19 64.68 -2.54 132.04 -11.70 314.20 -54.64 546.25 -84.06 1302.80 -79.13
119 970+00 -16.64 45.06 -0.17 84.19 -5.17 158.12 -28.58 351.26 -92.24 580.36 -113.63 1345.53 -114.19
120 972450 -63.16 68.19 1.03 111.53 -7.70 190.30 -27.55 399.83 -64.13 645.85 -72.21 1435.83 -69.08
121 975+00 -50.98 55.91 1.68 95.68 -7.48 169.40 -24.34 374.41 -64.35 620.33 -69.71 1386.20 -72.48
122 977+50 -25.84 76.44 4.08 121.03 -1.00 203.38 -9.37 402.74 -64.41 657.29 -64.61 1443.72 -75.48
123 980+00 -14.38 17.84 -3.96 50.14 -7.48 114.30 -14.86 295.02 -62.35 539.53 -61.09 1308.31 -57.06
% 124 982+50 -14.08 37.64 3.49 67.87 1.30 128.46 -9.07 314.72 -32.74 555.96 -29.92 1319.04 -23.53
3 125 985+00 -14.11 6.76 -0.25 27.39 -3.06 72.79 -11.80 237.21 -36.12 469.14 -28.99 1208.07 -22.67
- 126 987+50 -36.77 0.00 -0.21 7.57 -5.58 34.01 -18.99 166.46 -44.63 381.86 -41.99 1088.25 -33.36
2 127 990+00 -24.04 9.02 -2.28 32.31 -5.99 83.14 -14.90 237.94 -63.50 462.71 -67.47 1192.15 -62.75
§ 128 992+50 -20.57 18.22 -0.70 43.50 -3.83 96.86 -15.30 263.93 -46.85 486.94 -52.50 1217.25 -61.38
04 129 995+00 -11.96 2.00 0.17 19.61 -1.18 59.63 -14.72 216.84 -44.86 432.41 -43.45 1147.35 -20.91
130 997+50 -3.65 33.16 1.23 65.66 1.49 128.08 -1.96 305.84 -25.23 536.74 -2.94 1292.47 17.64
131 1000+00 -1.66 5.86 -0.54 28.45 -1.17 78.50 -5.10 245.39 -19.28 468.38 -26.57 1211.98 -32.24
132 1002+50 -9.48 2.55 -1.36 20.38 -1.86 61.45 -6.47 228.78 -5.17 445.97 0.52 1169.81 -4.56
133 1005+00 -11.89 14.89 -2.47 40.50 -5.03 93.50 -9.89 265.54 -23.02 490.57 -15.54 1221.40 -20.52
134 1007+50 -28.48 28.46 -1.59 57.43 -5.58 115.40 -14.21 300.04 -25.00 531.10 -8.36 1265.62 -13.70
135 1010+00 -12.39 4.38 -1.86 22.43 -5.01 70.59 -8.91 238.73 -26.12 461.67 -5.75 1175.10 -7.21
< 136 1012+50 -36.69 25.19 -0.14 49.81 -5.30 107.86 -11.17 283.92 -30.31 513.12 -11.21 1235.00 -14.03
S 137 1015+00 -38.83 13.44 -2.41 30.16 -10.18 77.36 -18.88 246.06 -34.34 468.81 -15.76 1175.10 -17.86
S 138 1017+50 -66.43 25.63 -3.44 42.21 -15.29 91.30 -27.32 264.00 -49.50 490.07 -23.43 1201.64 -20.60
o= 139 1020+00 -76.86 1.90 -4.83 5.97 -18.17 38.14 -32.05 192.05 -53.04 409.52 -34.50 1100.61 -37.78
140 1022+50 -62.17 14.85 -3.26 26.15 -14.06 70.72 -22.30 230.44 -43.63 452.92 -22.24 1161.95 -17.72
141 1025+00 -13.50 1.19 -0.82 12.49 -3.48 60.02 471 216.46 -7.12 425.67 8.65 1133.36 13.73




. Above Berm Above MHW
g:;)rrlgléné) (+6 ft NAVDSS) (+1.18 ft NAVDSS) Above -6 ft NAVD88 | Above -14 ft NAVD88 | Above -19 ft NAVD88 | Above -30 ft NAVD88
Reach Transect Station MHW 2024 2023-2024 2024 2023-2024 2024 2023-2024 2024 2023-2024 2024 2023-2024 2024 2023-2024
Number (+1.18 ft Measured | Volume | Measured | Volume | Measured | Volume | Measured | Volume | Measured | Volume | Measured | Volume
NAVD) Volume Change Volume Change Volume Change Volume Change Volume Change Volume Change
(cy/ft) (cylft) (cylft) (cy/ft) (cyl/ft) (cylft) (cylft) (cyl/ft) (cy/ft) (cylft) (cylft) (cyl/ft)
115 1030+00 14.58 2.45 -3.99 21.81 -2.80 78.23 7.37 235.80 -16.24 433.58 -6.25 1085.57 6.06
116 1035+00 15.06 3.73 -12.07 23.36 -12.63 83.80 -8.24 243.73 -41.56 450.65 -10.95 1216.88 11.32
117 1040+00 -8.06 41.68 -20.71 69.74 -24.28 144.34 -19.22 311.18 -64.04 543.52 -58.76 1319.06 -47.18
118 1045+00 16.51 28.37 -24.23 53.71 -24.36 127.46 -11.97 273.11 -52.29 505.46 -23.87 1270.34 15.99
119 1050+00 28.93 0.05 -4.13 20.84 -1.70 87.91 17.63 248.63 -4.08 482.32 45.24 1190.37 -13.55
120 1055+00 25.54 34.75 -2.53 77.99 -3.01 171.37 6.39 385.87 -12.66 647.17 -35.16 1464.87 -59.61
- 121 1060+00 35.69 120.53 -0.56 182.93 0.88 303.56 16.57 547.32 -29.26 829.57 -59.72 1743.88 -98.47
= 122 1065+00 12.05 41.92 -3.88 79.42 -5.43 165.49 -1.66 356.28 -46.35 602.50 -43.52 1445.38 -73.28
zZ 123 1070+00 35.22 52.12 -0.41 85.53 1.19 162.48 15.53 337.09 -26.16 573.97 -15.30 1401.52 -39.23
o 124 1075+00 46.89 33.97 -1.51 68.01 5.00 142.42 20.98 310.01 -13.14 551.69 -0.45 1404.57 -16.44
E 125 1080+00 55.07 36.77 -10.19 86.72 -3.33 184.95 13.83 380.09 -22.37 639.24 -0.40 1493.03 -14.79
@ 126 1090+00 -1.56 98.77 -1.48 154.95 -3.83 261.58 -1.97 484.05 -34.25 763.39 -6.64 1590.52 -22.56
3 127 1100+00 6.39 13.91 -3.83 46.95 -3.33 116.17 -1.35 283.03 -49.94 522.45 -30.86 1195.27 -27.61
c_ccs 128 1110+00 -7.22 10.42 -3.39 39.39 -4.18 104.40 -2.78 269.20 -36.57 521.27 -9.06 1399.29 -56.52
8 129 1120+00 13.29 6.41 -0.67 26.92 0.27 78.92 6.12 258.75 -69.60 491.67 -71.54 1319.45 -87.29
‘Z" 130 1130+00 39.38 9.97 0.28 35.55 5.23 96.66 17.36 287.43 4.64 517.33 -1.25 1376.71 -26.05
131 1140+00 7.66 44.63 -0.74 86.25 -1.48 170.22 3.34 384.79 -22.87 641.54 -18.67 1552.32 -40.16
132 1150+00 30.10 60.67 0.37 118.61 -0.32 236.61 8.37 438.92 -74.94 722.63 -59.22 1651.98 -74.41
133 1160+00 58.07 13.75 -2.19 51.49 3.82 137.39 23.45 318.51 -22.46 590.14 -10.73 1469.54 -20.33
134 1170+00 -15.12 15.55 2.94 55.06 3.17 148.97 8.06 350.95 -44.64 620.24 -45.70 1542.44 -45.27
135 1180+00 46.48 84.85 3.85 145.96 13.33 278.15 34.39 528.97 40.37 831.28 33.75 1803.00 15.54
136 1190+00 37.38 45.00 6.00 100.17 17.65 227.11 32.03 484.15 49.01 789.52 29.20 1837.26 7.81
137 1200+00 -27.89 10.41 2.90 57.13 -4.38 174.74 2.63 432.56 -65.06 773.49 -66.95 1900.61 -81.64
138 1210+00 30.82 N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A
i 139 1220+00 43.40 N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A
E 140 1230+00 -3.26 N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A
@ < 141 1240+00 | -253.96 N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A
& = 142 1250+00 | -166.49 N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A
TCU @ 143 1260+00 -43.66 N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A
S 144 1270+00 355.62 N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A
‘25 145 1280+00 N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A
146 1290+00 N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A N\A
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APPENDIX E
REACH 4 OBSERVED ESCARPMENT
SURVEY ANALYSIS
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4700 Falls of Neuse Road, Suite 300

. ‘.‘ Raleigh, NC 27609

(919) 781-4626 Fax: (919) 781-4626
moffatt & nichol www.moffattnichol.com

MEMORANDUM

To: David Ryan, Town Engineer, Town of Nags Head

From: Ayse Karanci, Project Manager & Beth Sciaudone, Assistant Project Manager
Date: September 24, 2024

Subject: Observed Escarpment Survey Analysis at McCall Ct. (Reach 4) Memo Report

This memo provides survey data and brief analysis of volumetric changes observed from late June to late July,
2024, in South Nags Head adjacent to McCall Ct. This segment of shoreline is within Reach 4 of the monitoring
area, and was initially surveyed June 24-25, 2024. Due to observed erosion and escarpment formation (Figure
1), the Town of Nags Head requested that McKim and Creed resurvey the transects from STA 1010+00 to
STA 1025+00 to quantify the volumetric changes. The second survey of those transect lines was completed on
July 31, 2024. A location map of the surveyed transect lines is presented in Figure 2.

o
£

Figure 1. Scarping observed adjacent to McCall Ct. on July 27, 2024. (D. Ryan Photo)
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Figure 2. Location map of surveyed transect lines 1010+00 to 1025+00.

The computed profile volumes above the varying datums developed for the annual monitoring program for
the late June survey are presented in Table 1. Note that the profile volume above the -19 ft NAVDS8 elevation
at Transects 1020+00 and 1025+00 wete below the reach trigger volume, 446 cy/ft, during this survey.

Table 1. Profile Volumes, June 2024 (cubic yards per linear foot)
[Reach 3&4 Trigger Volume above -19 ft: 446 cy/ft]

& nicho

Above Above Above Above Above Above

Berm MHW -6 ft -14 ft -19 ft -30 ft

Height (+1.18ft = NAVD88 NAVDS88 | NAVD88 NAVDSS

(+6 ft NAVDS8)

NAVDS88)
cy/ft cy/ft cy/ft cy/ft cy/ft cy/ft

1010+00 4.43 24.65 70.79 235.67 459.73 1172.46
1012+50 24.98 52.28 111.41 288.65 518.87 1240.89
1015+00 13.43 34.51 82.64 255.89 478.41 1183.62
1017+50 26.65 49.42 100.28 277.38 504.49 1216.38
1020+00 4.98 15.97 49.41 206.69 424.96 1116.54
1022+50 15.70 33.24 78.55 239.92 463.75 1172.86
1025+00 1.26 16.80 63.97 223.07 433.28 1141.60
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The computed profile volumes above the varying datums developed for the annual monitoring program for
the late July survey are presented in Table 2. The profile volume above the -19 ft NAVDS8S clevation at
Transects 1020+00 and 1025+00 were further below the reach trigger volume during this survey. The computed
volume changes are presented in Table 3. The largest volume changes were observed at STA 1017+50 and STA
1020400, and it is noted that with the exception of STA 1010400, net volume loss was observed at all of the
sutveyed transects. This suggests that sediment removed from the dry sand beach/berm was not simply
deposited locally offshore but rather there was significant longshore transport removing sand from the surveyed
area. Plots of the surveyed profiles are shown in Figure 3 to Figure 9. There is some nearshore deposition
shown in some of the profiles, generally between the -5 ft and — 10 ft NAVD88 elevations, however as indicated
by the volume change analysis, there is net loss of sand from all of the profiles except STA 1010+00.

For comparison purposes, the average annual volume change in Reach 4 above -19 ft NAVDS8 is -48,699 cy
over 2,000 ft alongshore, or approximately -24.3 cy/ft. The changes over this June-July timeframe are on the
order of half of the expected annual losses.

Table 2. Profile Volumes, July 2024 (cubic yards per linear foot)
[Reach 3&4 Trigger Volume above -19 ft: 446 cy/ft]

Above Above Above Above Above Above

Berm MHW -6 ft -14 ft -19 ft -30 ft

Height (+1.18 ft | NAVD88 | NAVD88 A NAVD88 | NAVDS8

(+6 ft NAVDS88)

NAVDS88)

cylft cylft cylft cylft cylft cylft
1010+00 4.38 22.43 70.59 238.73 461.67 1175.10
1012+50 25.19 49.81 107.86 283.92 513.12 1235.00
1015+00 13.44 30.16 77.36 246.06 468.81 1175.10
1017+50 25.63 42.21 91.30 264.00 490.07 1201.64
1020+00 1.90 5.97 38.14 192.05 409.52 1100.61
1022+50 14.85 26.15 70.72 230.44 452.92 1161.95
1025+00 1.19 12.49 60.02 216.46 425.67 1133.36

Table 3. Volume Change, June to July 2024 (cubic yards per linear foot)

1010+00
1012+50
1015+00
1017+50
1020+00
1022+50
1025+00

Above Above Above Above Above Above
Berm MHW -6 ft -14 ft -19 ft -30 ft
Height (+1.18 ft | NAVD88 | NAVD88 | NAVD88 | NAVDS8
(+6 ft NAVDS88)
NAVDS88)
cy/ft cy/ft cy/ft cy/ft cy/ft cy/ft
-0.05 -2.22 -0.20 3.06 1.93 2.64
0.21 -2.48 -3.56 -4.73 -5.75 -5.89
0.01 -4.34 -5.28 -9.83 -9.60 -8.52
-1.02 -7.21 -8.98 -13.38 -14.42 -14.74
-3.08 -10.00 -11.27 -14.63 -15.44 -15.93
-0.86 -7.09 -7.84 -9.47 -10.83 -10.91
-0.07 -4.31 -3.95 -6.61 -7.61 -8.23
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Figure 3. Transect STA 1010+00 Observed Change, June to July 2024.
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Figure 4. Transect STA 1012+50 Observed Change, June to July 2024.
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Figure 5. Transect STA 1015+00 Observed Change, June to July 2024.
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Figure 6. Transect STA 1017+50 Observed Change, June to July 2024.
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Figure 7. Transect STA 1020+00 Observed Change, June to July 2024.
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Figure 8. Transect STA 1022+50 Observed Change, June to July 2024.
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Figure 9. Transect STA 1025+00 Observed Change, June to July 2024.

Wave height and period rose plots for the time period between surveys are shown in Figure 10. As shown in
the figure, waves were predominantly from the east-southeast during this time period, with wave periods
generally from 8 to 10 seconds.

Station 433 0 2024/06/26 - 2024/07/31 Station 433 s 0 203241 06/26 - 2024/07/31
Wave Rose  ° — [ ~ 2%  pacords: 1728 Period Rose Records: 1728
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Figure 10. Wave Height (left) and Wave Period (right) Roses for June 26, 2024 to July 31, 2024, at Station 433
(Duck -51ft waverider buoy).
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The wave properties time series is presented in Figure 11. This time series shows that although the predominant
wave direction over this time frame was from the east-southeast, there were a number of higher wave events
(~4-5 ft wave heights) coming from the northeast. Several of these events, including the event occurring
immediately prior to and during the observed scarping, were characterized by shorter wave periods, resulting
in more choppy conditions rather than swell. One hypothesis may be that these shorter-term events moved
sand from the dry sand beach and dune to the nearshore, where the east-southeasterly waves then transported
it alongshore to the north. There may also be some sand waves or other bathymetric features offshore of the
surveyed areas that are concentrating wave energy within the area where the scarping has been observed.
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Figure 11. Wave Height (blue), Period (gray), and Direction (green) Time Series for June 26, 2024 to July 31, 2024,
at Duck -51ft waverider buoy.

The shoreline change at the mean high water (MHW) elevation was also examined and is presented in Table 4.
The largest changes were observed at Stations 1017+50, 1020+00, and 1022+50, with approximately 30 ft of
shoreline erosion observed at those transects. At the time of the survey, and subsequently during a site visit on
August 2, 2024, there was little to no dry beach present at the site during high tide.
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Table 4. Shoreline Change, June to July 2024

1010+00
1012+50
1015+00
1017+50
1020+00
1022+50
1025+00

Summary

June July Shoreline
Shoreline | Shoreline | Change
Position | Position | @ MHW
@ MHW @ @ MHW | (+1.18ft
(+1.18 ft | (+1.18ft = NAVDSS8)
NAVDS88) | NAVDS8S)
ft ft ft
557.664 547.957 -9.707
556.098 | 540.023 -16.075
543.696 | 525.737 -17.959
522.53 495.096 | -27.434
500.518 | 471.063 -29.455
511.544 479.555 -31.989
544.228 521.64 -22.588

M&N 10979-17
Memorandum

The transects STA 1010+00 to 1025+00 were surveyed at the end of June 2024 and again at the end of July
2024 after significant erosion and scarping were reported. Examination of the profile survey data indicates that
there was net loss of volume above the -30 ft NAVDS8S elevation contour in all of the profiles except STA
1010+00. Some deposition was observed in the nearshore on the majority of the profiles, however, most of the
sand eroded from these profiles was transported alongshore out of the immediate area and based on a
qualitative assessment of the wave directions, it seems likely that it may have been transported to the north.
Observations in late July and early August suggest that in this section of Reach 4, there is little to no dry beach
during high tides. Additionally, reach trigger volumes are exceeded at two of the surveyed transects (1020+00
and 1025+00). The combination of these observations along with continued high wave and water level events,
merit continued monitoring to assess and determine appropriate next steps.



