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While Figure 4 depicts the average shoreline change, Table 3 shows variability at each profile in the short 
and long term.  For example, between September 2013 and June 2024, the shoreline change rate at station 
D-10 (Skimmer Way) has experienced the greatest positive trend advancing at 3.5 ft./yr. whereas the 
greatest negative trend of -3.5 ft./yr. was measured at station D-02 (N. Baum Trail).  On the other hand, 
from May 2023 to June 2024, station D-01, the northern boundary of the North Monitoring Area, 
experienced the greatest positive (seaward) shoreline change rate (12.8 ft./yr.).  Station D-06 experienced 
the greatest negative (landward) shoreline change rate of -37.4 ft./yr.   
 
South Monitoring Area (D-19 to D-34) 
 
Since the initial baseline survey of the Duck shoreline in September 2013 to June 2024, the average position 
of the +6.0 ft. NAVD88 contour along the South Monitoring Area (D-19 to D-34) moved seaward 8.3 ft. 
(Table 3).  This is equivalent to a rate of 0.0 ft./yr. when annualized.  As shown in Figure 4, between 
September 2013 and December 2017, the South Monitoring Area experienced negative shoreline change.  
Between December 2017 and May 2019, the area experienced an average positive shoreline change 
followed by a general trend of shoreline recession between May 2019 and May 2023.  Between May 2023 
and June 2024, the shoreline change was positive.  
 
Table 3 and Table 4 demonstrate the variability in shoreline change on a profile-to-profile basis.  Between 
September 2013 and June 2024, the greatest negative change in the position of the +6.0 ft. NAVD88 contour 
was observed at station D-30 (approximately 100 ft. north of LaLa Ct. beach access) which experienced 
shoreline recession at a rate of -5.1 ft./yr.  Over the same time, the greatest positive shoreline change was 
observed at station D-20 (approximately 1,000 ft. north of the FRF pier), which experienced shoreline 
advance at an annualized rate of +8.1 ft./yr. over the 10.75-year period.  
 
During the recent monitoring period from May 2023 to June 2024 the average shoreline change in the South 
Monitoring Area was +17.2 ft.  Between May 2023 to June 2024, the greatest negative change in the 
position of the +6.0 ft. NAVD88 contour was observed at station D-34 (southern Town boundary) of -30.2 
ft. (landward movement) over the approximate 1-year period.  Over the same time, the greatest positive 
shoreline change was observed at station D-20 (1,000 ft. north of FRF pier), which experienced +119.7 ft. 
of change in the position of the +6.0 ft. NAVD88 contour.  The average shoreline change measured within 
the FRF property between station D-19 (northern boundary of FRF property) and D-21 (130 ft. north of 
FRF pier) was +76.9 ft. (seaward movement) between May 2023 to June 2024.  During this same 13-month 
period, the average shoreline change between stations D-22 (630 ft. south of FRF pier) and D-34 (southern 
Town boundary), was +7.7 ft.   
 
V. VOLUMETRIC CHANGE RESULTS  
 
Volumetric changes measured over the entire monitoring area for various time periods are provided in Table 
5.  The volume change rates are given in terms of cubic yards/foot of shoreline/year (cy/ft./yr.).  Volume 
change rates were evaluated for the periods from September 2013 to June 2024, December 2017 to January 
2023, and May 2023 to June 2024.  The December 2017 to January 2023 surveys show changes occurring 
between the 2017 and 2023 beach nourishment projects and provide the most comprehensive indication of 
the 2017 project’s performance.  The September 2013 to June 2024 surveys present the long-term volume 
changes.  These changes are mainly focused on evaluating the changes outside of the Central Reach Project 
Area since the volumes in the Central Reach Project Area are heavily influenced by the construction of the 
2017 and 2023 projects.  The May 2023 to June 2024 surveys present the most recent volume changes.  
Future annual monitoring reports will reference volume changes in the Central Reach Project Area relative 
to the May 2023 condition to track the performance of the 2023 project.  Table 5 provides the volume 
change rates at each monitoring station along the Town of Duck for each of the monitoring periods.  Figure 
5 graphically depicts the volumetric changes calculated above -24 ft. NAVD88 between September 2013 
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and June 2024 as well as changes measured in the first monitoring period following the 2023 construction 
from May 2023 to June 2024.   
 

Table 5.  Volumetric Change Rates (cy/ft./yr.) along Duck above -24 ft. NAVD88  

 

MONITORING 
STATION 

Sept. 2013 (Baseline) to 
June 2024 (Year-1 Post-

Con) 

Dec. 2017 (2017 Post-Con) 
to Jan. 2023 (2023 Pre-Con) 

May 2023 (2023 Post-
Con) to June 2024 
(Year-1 Post-Con) 

N
or

th
 M

on
ito

ri
ng

 A
re

a D-01 0.3  27.4 
D-02 -0.1  -21.7 
D-03 3.7  11.4 
D-04 0.6  5.0 
D-05 2.5  26.3 
D-06 -2.7  -22.2 
D-07 1.0  4.9 
D-08 0.5  22.3 
D-09 4.2  29.2 

C
en

tr
al

 R
ea

ch
 P

ro
je

ct
 A

re
a 

D-10 6.5 0.8 30.0 
D-10.5 - - 34.9 
D-11 11.0 -12.3 31.1 
D-12 9.3 -15.1 -1.9 
D-13 12.4 -4.9 -36.7 
D-14 13.7 -28.2 3.6 
D-15 11.1 -19.1 -18.3 
D-16 12.6 -13.7 -29.3 
D-17 10.8 -6.5 -27.6 
D-18 14.4 -9.0 25.6 
D-19 14.4 -0.1 71.0 

So
ut

h 
M

on
ito

ri
ng

 A
re

a 

D-20 16.9  93.6 
D-21 -1.2  -83.0 
D-22 2.0  -15.8 
D-23 -2.6  -45.1 
D-24 1.2  -21.4 
D-25 2.3  7.1 
D-26 2.5  -2.7 
D-27 1.9  18.3 
D-28 0.7  28.2 
D-29 1.9  34.5 
D-30 1.6  13.1 
D-31 6.1  9.3 
D-32 3.5  7.5 
D-33 4.5  46.2 
D-34 1.9  3.1 

NORTH 
MONITORING AREA 

(D-01 TO D-10) 
1.5 --- 9.0 

CENTRAL REACH 
PROJECT AREA 

(D-10 TO D-19) 
11.7 -12.3 -2.0 

SOUTH 
MONITORING AREA 

(D-19 TO D-34) 
3.1 --- 8.3 
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Figure 5.  Volume Changes (cubic yards/foot) measured between Sept. 2013 to June 2024 and May 

2023 to June 2024.    
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2017 Beach Fill Volumes  
 
Between May and June 2017, a total of 1.26 million cubic yards of fill were placed along the Duck shoreline 
between stations D-10 and D-19 (Central Reach Project) (APTIM, 2020).  The performance of the 2017 
Central Reach Project is based on changes that occurred relative to the conditional monitoring survey 
conducted in December 2017.  Based on volume changes computed between April 2017 and December 
2017, a volume change of approximately 963,100 cubic yards were measured on the active profile (above 
the -24-foot NAVD88 contour) within the Project Area (APTIM, 2020).  For more information on why this 
method of assessing volume was used, please refer to the 2018 Shoreline and Volume Change Monitoring 
Report (APTIM, 2018). 
 
2023 Beach Fill Volumes  
 
Between April and May 2023, the 2023 beach renourishment project placed a total of 576,800 cubic yards 
of fill along the Duck oceanfront within the Central Reach Project Area.  The May 2023 survey has been 
adopted to represent the post-construction conditions within the Central Reach Project Area.  Future annual 
monitoring reports will reference shoreline and volume changes in the Central Reach Project Area relative 
to the May 2023 condition to track the performance of the 2023 project. 
 
Central Reach Project Area (D-10 to D-19) 
 
From September 2013 to June 2024 the Central Reach Project Area experienced a net positive volumetric 
change of approximately 1,047,600 cy, which equates to an annual average density change rate of +11.7 
cy/ft./yr.  This positive trend is reflective of both the 2017 and 2023 beach nourishment projects.  With 
regards to the performance of the beach fill placed along the Central Reach Project in 2017, beach profile 
monitoring surveys indicate a volume change of approximately -521,800 cubic yards between December 
2017 and January 2023.  This equates to a rate of -12.3 cy/ft./yr. when annualized.   
 
Over the 13-month period between May 2023 and June 2024, the volume of material within the Project 
Area decreased by 23,200 cubic yards.  The average volume change measured along the profiles from D-
10 to D-19 was approximately -2.1 cy/ft.  However, as illustrated in Figure 5 there is considerable variation 
in the volume changes measured along the project area.  The greatest positive volume change was measured 
along Profile D-19 (76.9 cy/ft.); whereas the greatest negative volume change was measured along Profile 
D-13 (-39.7 cy/ft.).  Relatively high negative volume changes were measured along profiles D-15, D-16, 
and D-17. These three profiles had an average volume change of approximately -27.2 cy/ft. over the 13-
month period.  The volume changes occurring along these profiles are a result of losses that occurred from 
the berm and nearshore slope to a depth of 10 feet.  Excluding profiles D-13, D-15, D-16, and D-17, the 
analysis shows the remainder of the project had an average positive volume change of 30.1 cy/ft. over the 
same period. 
 
Figure 6 shows the cumulative volumetric changes for the Town of Duck measured since the baseline 
survey was conducted in September 2013.  Cumulative volumetric changes are displayed for the Central 
Reach Project Area, North Monitoring Area, and South Monitoring Area.  The large increases in the Central 
Reach Project Area (blue line) between April 2017 and December 2017, and between January 2023 and 
May 2023 reflects the volume gain associated with the 2017 and 2023 projects.  In the intermittent period 
between the projects, December 2017 and January 2023, the project area mainly experienced erosion.  After 
the 576,800 cy were added to the beach between April and May 2023, the June 2024 data shows a volume 
loss of approximately 23,300 between D-10 and D-19 in the first monitoring year.   
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Figure 6.  Average Cumulative Volumetric Changes above the -24 ft. NAVD88 contour since 

September 2013 in the Central Reach Project Area and the North and South Monitoring Areas 
 
North Monitoring Area (D-01 to D-10) 
 
From September 2013 to June 2024 the North Monitoring Area experienced a net positive volumetric 
change of approximately 141,400 cy.  This equates to an annual average density change rate of +1.5 cy/ft./yr 
and is reflective of relative stability within the area over the 10.75-year period.  As shown in Table 5, the 
rates of change varied from profile to profile within the North Monitoring Area ranging from positive rate 
of 6.5 cy/ft./yr. at station D-10 (Skimmer Way) to a negative rate of -2.7 at station D-06 (Martin Lane).  
The most recent monitoring between May 2023 and June 2024 indicates a positive trend in volume change 
of 9.0 cy/ft./yr.   
 
In Figure 6, the cumulative volumetric changes in the North Monitoring Area (red line) indicates a relatively 
steep erosional trend between September 2013 and May 2015, prior to the 2017 Central Reach Project.  
This erosional trend represents a negative volumetric change of approximately 308,000 cy.  A positive 
volumetric trend was measured between May 2015 June 2020.  Although approximately 308,000 cy of 
negative volumetric change was measured between September 2013 and May 2015, the volumetric changes 
that occurred between May 2015 and June 2020 more than offset those previous losses and resulted in a 
cumulative positive volumetric change of approximately 76,000 cy, relative to the September 2013 
condition in June 2020.  Figure 6 also shows that the cumulative volume change trend along the North 
Monitoring Area between June 2020 and May 2023 remained relatively stable with a modest gain in volume 
between May 2023 and June 2024.  As of June 2024, the North Monitoring Area had approximately 141,400 
cy more volume than measured at the time of the baseline survey in September 2013.    
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South Monitoring Area (D-19 to D-34)  
 
From September 2013 to June 2024 the South Monitoring Area experienced a net positive volumetric 
change of approximately 449,900 cy above the -24ft contour.  This equates to an annual average density 
change rate of +3.1 cy/ft./yr. over the 10.75-year period.  As shown in Table 5, the rates of change varied 
from profile to profile within the South Monitoring Area ranging from a positive rate of 16.9 cy/ft./yr. at 
station D-20 (approximately 1,000 feet north of the FRF pier) to a negative rate of -2.6 cy/ft./yr. at station 
D-23 (approximately 1,400 feet south of the FRF pier).  Of the 16 profiles included in the South Monitoring 
Area, the two greatest positive density change rates that were measured are located directly to the south of 
the Central Reach Area at station D-19 (+14.4 cy/ft./yr.) and station D-20 (16.9 cy/ft./yr.), which is likely 
associated with the beach fill placement in the Central Reach Project Area.  
 
During the 13-month period from May 2023 to June 2024, the 4,000-foot section immediately south of the 
Project Area experienced volume gains at an average rate of +8.3 cy/ft./yr.  An examination of volume 
changes measured station to station for this time period (Table 5) shows an anomalous volume loss of -83.0 
cy/ft./yr. at station D-21 while stations D-19 and D-20 to the north exhibited an average accretion of +82.3 
cy/ft./yr. and D-22 to D-24 to the south exhibited an average erosion of -27.3 cy/ft./yr.  The anomalous 
change at D-21 appears to be influenced by the lowering of the entire offshore bar and deeper portion of 
the profile to the depth of closure between May 2023 and June 2024 as shown on Figure 7.  The extent of 
the changes at profile D-21 are not seen on any of the other profiles along the Town of Duck between May 
2023 and June 2024.  The lowering of the offshore portion along profile D-21 appears to be 2 to 5 feet 
deeper than the offshore portion of the May 2023 profile.  With profile D-21 located immediately north of 
the FRF pier, some of the profile changes at D-21 could have been influenced by the piles supporting the 
pier.  The anomalous behavior of D-21 will be reexamined during the next monitoring survey to see if this 
feature persists or if it was just an ephemeral change that eventually disappeared over time.   
 
The area south of D-24, between profile stations D-25 and D-34 (Olde Duck Rd to the Town boundary with 
Southern Shores), exhibited positive volume changes on all but one station (D-26).  In this approximately 
9,000-foot long span of beach, the average volume change measured over the 13-month period between 
May 2023 and June 2024 was +16.5 cy/ft.  That equates to a volume gain of approximately 168,000 cy over 
the 13-month period.   
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Figure 7.  Profile D-21 showing the changes in the offshore profile measured in May 2023 compared 

to the June 2024 survey. 
 
In Figure 6, the cumulative volumetric changes in the South Monitoring Area (green line) illustrates a 
relatively modest accretional trend between September 2013 and May 2015, prior to the construction of the 
project.  This accretional trend resulted in a positive volumetric change of approximately 31,000 cy.  A 
negative volumetric change was measured between December 2017 and June 2018, to the degree that in 
June 2018, the net volumetric change from the baseline survey in September 2013 to June 2018 was 
negative.  From June 2018 to June 2020, the South Monitoring Area experienced a positive volumetric 
change of approximately 298,000 cy.  The South Monitoring Area experienced a considerable negative 
volumetric change between June 2020 and April 2021.  However, between April 2021 and June 2024, the 
Area experienced a positive volumetric change.  As of June 2024, the South Monitoring Area had 
approximately 449,900 cy more volume than measured at the time of the baseline survey in September 
2013.  
 
 
  




