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Executive Summary 
Comprehensive surveying of the Bogue Banks shoreline began in 1999 to develop the Bogue 
Banks Beach Restoration Project.  In Spring 2004, the Bogue Banks Beach and Nearshore 
Mapping Program was initiated to assess beach conditions and form strategies for future beach 
nourishment projects.  Bear Island and Shackleford Banks were added to the program in October 
2004 and May 2005, respectively.  Currently, surveys are performed annually during the 
spring/summer timeframe along all three islands.  In addition, after large storm events surveying 
is performed along Bogue Banks to assess damages.  The most recent annual (pre-storm) 
monitoring survey was completed during May 2019 by Geodynamics.  Geodynamics conducted a 
post-storm survey on September 7 through September 12, 2019 immediately following the passage 
of Hurricane Dorian.  For this storm impact evaluation, the May 2019 survey was compared with 
the September 2019 survey.  The profile data have been used to compute shoreline change at MHW 
(+1.5 ft NAVD88) and volume change above MHW, -5 ft NAVD88 (wading depth), -12 ft 
NAVD88 (outer bar), -20 ft NAVD88 (approximate closure), and -30 ft NAVD88. 
 
Key statistics were computed for defined regions along the Bogue Banks shoreline between the 
pre- and post-storm survey profiles including: 
 

 
 
The Bogue Banks oceanfront experienced an overall seaward advancement of the shoreline at 
MHW of +17.6 ft while the engineered beach also experienced a seaward advancement of +16.8 
ft.  In general, volume gains were experienced above all elevations analyzed with the exceptions 
of some minor losses above -5 ft NAVD88 along the engineered beach.  Volume gains above -12 
ft NAVD88 totaled +240,517 cy (+2.5 cy/ft) along the engineered beach and +329,790 cy (+2.6 
cy/ft) along the oceanfront.  Volume gains above -20 ft NAVD88 were slightly smaller at +116,233 
cy (+1.2 cy/ft) along the engineered beach and +23,418 cy (+0.2 cy/ft) along the oceanfront.  
Nonetheless, there were some individual reaches along the engineered beach that did experience 
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Cumulative 
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ft ft cy/ft cy cy/ft cy cy/ft cy cy/ft cy cy/ft cy
Bogue Inlet-Ocean 
(Transects 1-11) 11,488 4.0 0.0 -402 -1.1 -12,440 -1.2 -13,991 -3.5 -39,801 -1.2 -13,858

Emerald Isle-West 
(Transects 12-25) 18,288 11.2 0.7 12,170 -1.3 -23,680 1.9 34,002 -3.9 -71,725 -4.7 -85,164

Emerald Isle-Central 
(Transects 26-36) 15,802 31.4 4.7 73,728 2.6 41,199 9.5 149,966 7.1 112,820 7.5 119,157

Emerald Isle-East 
(Transects 37-48) 13,220 15.4 1.1 14,602 -7.5 -98,752 -4.4 -58,494 -3.1 -41,530 -1.6 -21,001

Indian Beach-Salter Path 
(Transects 49-58) 12,850 13.6 3.4 43,353 -2.6 -33,007 -0.3 -3,330 3.1 39,366 6.5 84,147

Pine Knoll Shores 
(Transects 59-76) 23,878 20.2 3.0 72,603 2.1 50,027 5.5 132,365 4.9 117,105 10.4 248,654

Atlantic Beach                
(Transects 77-102) 26,176 25.5 4.4 114,602 2.8 72,619 3.6 92,927 -0.9 -22,832 -2.9 -75,078

Fort Macon State Park 
(Transects 103-112) 6,691 -1.9 3.5 23,341 1.8 12,242 -0.5 -3,655 -10.5 -69,983 -10.6 -70,709

Beaufort Inlet                   
(Transects 112B-116) 2,000 -54.4 -7.9 -15,872 -17.3 -34,589 -24.0 -47,961 -20.3 -40,508 -4.5 -8,992

Bogue Inlet-Channel 
(Transects 117-120)* 2,000 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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Weighted 
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Avg Total

FEMA Engineered Beach            
(Transects 1-76)

95,527 16.8 2.3 216,055 -0.8 -76,654 2.5 240,517 1.2 116,233 3.5 331,936

Oceanfront                    
(Transects 1-112) 128,393 17.6 2.8 353,998 0.1 8,207 2.6 329,790 0.2 23,418 1.4 186,149

*Note: Due to the dynamic nature of Bogue Inlet, shoreline and volume calculations were not performed
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minor volume losses above -12 ft NAVD88 (Bogue Inlet – Ocean, Emerald Isle East, Indian 
Beach/Salter Path) and/or -20 ft NAVD88 (Bogue Inlet – Ocean, Emerald Isle West, Emerald Isle 
East).  Losses above -20 ft NAVD88 (elevation used for FEMA reimbursement) in these reaches 
totaled -153,057 cy. 
 
Given that Category G public assistance was not declared in relation to Hurricane Dorian, 
any losses incurred above -20 ft NAVD88 are not reimbursable.  Fortunately, these losses 
can be addressed (in the absence of any natural recovery) during the next two years of 
construction for the Post-Florence Renourishment Project. 
 
Carteret County has developed a programmatic Environmental Impact Statement (EIS) which 
essentially outlines the nourishment needs (quantity, location, and timeframe) and sediment 
resources for Bogue Banks for the next 50 years which was used to obtain a 50-yr permit to cover 
these activities.  The annual monitoring efforts will decide the exact timing and extents of future 
nourishment projects by tracking the average profile volume in each management reach as 
compared to nourishment triggers that define the minimum profile volumes required to provide an 
equal level of protection along the Bogue Banks shoreline for a 25 yr storm event.  Assessment of 
current conditions compared to the nourishment triggers defined in the Master Beach Nourishment 
Plan (engineering portion of the EIS) was completed as part of this report.  The following table 
indicates that all management reaches currently contain average profile volumes above their 
individual nourishment triggers as well as the island wide average trigger of 233 cy/ft.  However, 
Emerald Isle – West and Pine Knoll Shores are closest to approaching their nourishment triggers 
and nourishment of these reaches is currently scheduled for winter 2019/2020 as part of the Post-
Florence Renourishment Project – Phase II.  Nourishment will cover all of Pine Knoll Shores and 
Transects 7 through 14 in Emerald Isle – West/Bogue Inlet which is the area most in need of 
nourishment. 
 

 
 
As noted, there are inevitable margins of uncertainty associated with hydrographic survey data that 
may reduce the accuracy of volumetric change analyses.  Therefore, it is essential to thoroughly 
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(cy)

25 yr LoP 
Nourishment 

Trigger           
(cy)

Bogue Inlet (1-11) 11,488 303 235
Emerald Isle West (12-25) 18,288 275 266
Emerald Isle Central (26-36) 15,802 281 211
Emerald Isle East (37-48) 13,220 271 221
Indian Beach/Salter Path (49-58) 12,850 280 224
Pine Knoll Shores (59-76) 23,878 236 211
Atlantic Beach (77-102) 26,176 311 254

TOTAL 121,702
AVERAGE 279 233

weighted weighted
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review the beach and bathymetric profiles using various analytical techniques and general 
engineering judgment to assure that results are not falsely interpreted.  The findings presented in 
this report have undergone quality control by two senior coastal engineers. 
 



Final Report         Bogue Banks Beach & Nearshore Mapping Program 
Hurricane Dorian Post-Storm Impact Evaluation 

   i 

Table of Contents 
1.0 Objective .......................................................................................................................................... 1 

2.0 Recent History of Engineered Beach Nourishment and Monitoring in Carteret County .................. 1 

3.0 Pre- and Post-Storm Survey Data Collection................................................................................... 4 

4.0 Survey Evaluation Methods ............................................................................................................. 7 

4.1. Shoreline and Volume Change ........................................................................................... 7 

4.2. Mobile Laser Scanner Evaluation ..................................................................................... 10 

4.3. Base of Dune Position Change ......................................................................................... 10 

4.4. Nourishment Trigger Assessment ..................................................................................... 10 

5.0 Discussion of Hurricane Dorian ..................................................................................................... 10 

6.0 Discussion of Post-Storm Survey Evaluation................................................................................. 13 

6.1. Post-Storm Field Inspection .............................................................................................. 13 

6.2. Beach Changes Attributed to Hurricane Dorian ................................................................ 16 
6.2.1. Bogue Inlet ................................................................................................................................. 16 
6.2.2. Emerald Isle ............................................................................................................................... 19 
6.2.3. Indian Beach/Salter Path ............................................................................................................ 21 
6.2.4. Pine Knoll Shores ....................................................................................................................... 22 
6.2.5. Atlantic Beach ............................................................................................................................ 24 
6.2.6. Fort Macon State Park ................................................................................................................ 25 
6.2.7. Beaufort Inlet .............................................................................................................................. 26 
6.2.8. Dune Base Analysis ................................................................................................................... 28 
6.2.9. Mobile Laser Scanner Analysis ................................................................................................... 29 
6.2.10. Summary of Overall Oceanfront Storm Impacts ........................................................................ 30 

6.3. Master Beach Nourishment Plan Incorporation ................................................................ 35 

7.0 Summary ........................................................................................................................................ 36 

8.0 References ..................................................................................................................................... 39 
  



Final Report         Bogue Banks Beach & Nearshore Mapping Program 
Hurricane Dorian Post-Storm Impact Evaluation 

   ii 

Appendices  
 
Appendix A  Geodynamics Post-Storm Survey Report 
 
Appendix B  Field Investigations 
 
Appendix C  MHW Shoreline & Hotspot DEM Plots 
 
Appendix D  Survey Profile Comparison Plots 
 
Appendix E  Tabulated Shoreline and Volume Change Data 
  



Final Report         Bogue Banks Beach & Nearshore Mapping Program 
Hurricane Dorian Post-Storm Impact Evaluation 

   iii 

List of Figures 
 
Figure 3-1. BBBNMP and Post-Storm Profile Line Locations – Bogue Banks ............................................................... 6 
Figure 4-1. Profile Calculation Lenses ........................................................................................................................... 8 
Figure 4-2. Example Historical Profiles (Emerald Isle – Central).................................................................................... 9 
Figure 4-3. Example Historical Profiles (Pine Knoll Shores) .......................................................................................... 9 
Figure 5-1. Hurricane Dorian Track .............................................................................................................................. 11 
Figure 5-2. Wave Condition and Water Level Buoy Locations ..................................................................................... 12 
Figure 5-3. Measured Wave and Water Level Conditions During Hurricane Dorian .................................................... 13 
Figure 6-1. Pre- and Post-Storm Beach Conditions – Ocean Drive, Emerald Isle (CCSPO) ....................................... 14 
Figure 6-2. Pre- and Post-Storm Beach Conditions – 4WD Ramp, Indian Beach (CCSPO) ........................................ 15 
Figure 6-3. Pre- and Post-Storm Beach Conditions – Memorial Park, Pine Knoll Shores (CCSPO) ............................ 15 
Figure 6-4. Pre- and Post-Storm Beach Conditions – Doubletree, Atlantic Beach (CCSPO) ....................................... 16 
Figure 6-5. Bogue Inlet Ocean Unit Volume Change (May 2019 – September 2019) .................................................. 18 
Figure 6-6. Example Bogue Inlet Transect ................................................................................................................... 19 
Figure 6-7. Emerald Isle Unit Volume Change (May 2019 – September 2019) ........................................................... 21 
Figure 6-8. Indian Beach/Salter Path Unit Volume Change (May 2019 – September 2019) ........................................ 22 
Figure 6-9. Pine Knoll Shores Unit Volume Change (May 2019 – September 2019) ................................................... 23 
Figure 6-10. Atlantic Beach Unit Volume Change (May 2019 – September 2019)....................................................... 25 
Figure 6-11. Fort Macon State Park Unit Volume Change (May 2019 – September 2019) .......................................... 26 
Figure 6-12. Beaufort Inlet Unit Volume Change (May 2019 – September 2019) ........................................................ 27 
Figure 6-13. Beaufort Inlet Representative Profile ....................................................................................................... 28 
Figure 6-14. Base of Dune Position Change (May 2019 – September 2019) .............................................................. 29 
Figure 6-15. Mobile Laser Scanner Extents ................................................................................................................. 29 
Figure 6-16. Example Mobile Laser Scanning Surfaces .............................................................................................. 30 
Figure 6-17. Shoreline Change At MHW Along The Bogue Banks Oceanfront ............................................................ 31 
Figure 6-18. Volume Change Above Various Elevations Along The Bogue Banks Oceanfront ................................... 32 
Figure 6-19. Average Unit Volume Change by Reach (May 2019 – September 2019) ................................................ 34 
Figure 6-20. Cumulative Volume Change by Reach (May 2019 – September 2019) ................................................... 35 
Figure 6-21. Average Profile Volume From The Foredune To The Outer Bar .............................................................. 36 

  



Final Report         Bogue Banks Beach & Nearshore Mapping Program 
Hurricane Dorian Post-Storm Impact Evaluation 

   iv 

List of Tables 
 
Table 2-1. Nourishment Volumes by Project & Management Reach ............................................................................. 3 
Table 2-2. Nourishment Volumes by Management Reach (cy) ...................................................................................... 3 
Table 2-3. Master Beach Nourishment Plan Triggers .................................................................................................... 4 
Table 6-1. Average Shoreline and Volume Change for Bogue Inlet ............................................................................. 17 
Table 6-2. Average Shoreline and Volume Change for Emerald Isle ........................................................................... 20 
Table 6-3. Average Shoreline and Volume Change for Indian Beach/Salter Path ....................................................... 21 
Table 6-4. Average Shoreline and Volume Change for Pine Knoll Shores .................................................................. 23 
Table 6-5. Average Shoreline and Volume Change for Atlantic Beach ........................................................................ 24 
Table 6-6. Average Shoreline and Volume Change for Fort Macon State Park ........................................................... 25 
Table 6-7. Average Shoreline and Volume Change for Beaufort Inlet.......................................................................... 27 
Table 6-8. Bogue Banks Shoreline and Volume Change Statistics (May 2019 – September 2019) ............................ 33 
Table 7-1. Average Shoreline and Volume Change Attributable to Hurricane Dorian .................................................. 37 
Table 7-2. Master Beach Nourishment Plan Nourishment Trigger Status .................................................................... 38 

 



Final Report         Bogue Banks Beach & Nearshore Mapping Program 
Hurricane Dorian Post-Storm Impact Evaluation 

December 2019   1 

1.0 Objective 
Hurricane Dorian impacted the North Carolina coast on September 5-6, 2019, ultimately making 
landfall over Cape Hatteras National Seashore as a Category 1 storm.  As a direct result of the 
hurricane, the beaches of Bogue Banks were subject to elevated wave activity for almost 48 hrs.  
Fortunately, the peak of the storm occurred during low tide, sparing much of the beach from 
significant impact.  As a result, portions of the beach actually experienced some accretion while 
other areas experienced some minor erosion, resulting in an overall gain in material above -12 ft 
NAVD88 (outer bar) and -20 ft NAVD88 (closure), two important elevations as they relate to the 
Master Beach Nourishment Plan triggers and potential FEMA reimbursement, respectively.  The 
federal government did not authorize Category G public assistance for Carteret County and thus 
FEMA reimbursement will not be possible for the reaches that did lose material above -20 ft 
NAVD88 as a result of this storm.  However, the erosion that did occur was very minor and will 
be able to be addressed in the upcoming nourishment projects scheduled for winter 2019/2020 and 
winter 2020/2021.  The objective of this report is to document field inspections and survey data 
collected immediately following Hurricane Dorian and to describe impacts and estimate damages 
to the engineered beaches of Carteret County by comparison of post-storm profile surveys with 
pre-storm surveys conducted in May 2019.  Although Category G public assistance was not 
authorized, it is still important to document the pre- and post- storm conditions of the Bogue Banks 
oceanfront to quantify any storm protection that was lost during the hurricane, satisfying the 
monitoring and maintenance requirements for the FEMA engineered beach. 

2.0 Recent History of Engineered Beach Nourishment and 
Monitoring in Carteret County 

The Carteret County Shore Protection Office, in coordination with Bogue Banks municipalities, 
oversees and coordinates the design, monitoring, and maintenance, including initial nourishment 
and planned renourishments, of a public “engineered beach” project along 18.1 miles of Bogue 
Banks, including Emerald Isle, Indian Beach/Salter Path, and Pine Knoll Shores.  The remaining 
portions (≈6.2 miles) of Bogue Banks (Atlantic Beach and Fort Macon) are either provided 
protection (beach nourishment) under the Dredged Material Management Plan (DMMP) of 
Morehead City Harbor Federal Navigation Project or are areas not eligible for federal expenditures 
for beach nourishment. 
 
Initial construction of the engineered beaches by Carteret County commenced in 2002 (Phase I) 
and was completed in 2005 (Phase III).  The Bogue Banks Beach and Nearshore Mapping Program 
(BBBNMP), sponsored by Carteret County, formally began in June 2004 as a continuation of a 
monitoring program initiated in 1999 for assessing beach conditions and forming strategies for the 
Bogue Banks Beach Restoration Project (Phases I, II, and III).  Bear Island was first surveyed and 
added to the BBBNMP in October 2004 while Shackleford Banks was added in May 2005.  Since 
May 2005, surveys along Bogue Banks, Bear Island, and Shackleford Banks have been performed 
annually during the spring/summer timeframe.  In addition, Bogue Banks is also surveyed after 
large storm events to quantify damage done to the beach and support the municipalities’ requests 
for FEMA reimbursement for losses to the engineered beach (Emerald Isle, Indian Beach/Salter 
Path, and Pine Knoll Shores). 
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A beach maintenance plan has been in effect since 2003-2004, following Phases I and II of initial 
construction, with triggers for beach renourishment initially established if the average volume in 
any reach from the top of the dune to -12 ft NAVD88 drops below 225 cy/ft or if the percent fill 
remaining in any reach from the Bogue Banks Beach Restoration Project which placed sand on 
Indian Beach/Salter Path and Pine Knoll Shores (Phase I-2002), Emerald Isle Central and Emerald 
Isle East (Phase II-2003), and Emerald Isle West and Bogue Inlet (Phase III-2005) falls below 50% 
of the original fill amount.  The triggers for beach nourishment were adjusted in 2015, with the 
inception of the Bogue Banks Master Beach Nourishment Plan, to vary along the length of 
engineered beach, providing equal protection from a 25 year storm event.  A revised FEMA 
engineered beach plan was submitted to document this effort. 
 
The robust maintenance plan has included multiple additional nourishment projects since the initial 
Bogue Banks Restoration Project was constructed.  Additional sand was added to the beaches 
within Phases I, II, and III of the Bogue Banks Beach Restoration Project following Hurricane 
Isabel (2003, with renourishment completed in 2004), Hurricane Ophelia (2005, with 
renourishment completed in 2007), Hurricane Irene (2011, with renourishment completed in 
2013), and Hurricane Florence (2018, with Phase I renourishment completed in 2019 and Phase II 
renourishment scheduled for winter 2019/2020 and winter 2020/2021).  In March 2004, a small 
FEMA sponsored renourishment project was constructed in Emerald Isle (156,000 cy) to mitigate 
impacts from Hurricane Isabel.  In January through March 2007, as a result of Hurricane Ophelia 
which impacted the Bogue Banks area in 2005, FEMA approved and provided funding to place a 
total of 1,229,836 cy of material on the beach on various stretches of Emerald Isle (648,447 cy), 
Indian Beach/Salter Path (319,113 cy), and Pine Knoll Shores (262,276 cy).  In February through 
March 2013, as a result of Hurricane Irene which impacted the Bogue Banks area in 2011, FEMA 
approved and provided funding for a portion of the project (including mobilization/demobilization 
and approximately 270,000 cy of fill) to place a total of 965,011 cy of material on the beach on 
various stretches of Emerald Isle (649,790 cy) and Pine Knoll Shores (315,221 cy).  Most recently, 
in March through April 2019, Phase I of the Post-Florence Renourishment Project placed a total 
of 975,647 cy of material in Emerald Isle East and a small portion of Emerald Isle Central (624,945 
cy) and in two reaches along Indian Beach/Salter Path (350,702 cy).  Plans are currently underway 
to address the remainder of the engineered beach along with Atlantic Beach and Bogue Inlet during 
the winter 2019/2020 and winter 2020/2021 construction windows as Phase II of the Post-Florence 
Renourishment Project.  Federal and State funding was requested to mitigate costs associated with 
the Post-Florence Renourishment Project and was ultimately awarded after Phase I construction.  
The Towns are awaiting receipt of those funds to reimburse for the construction during Phase I 
and assist in funding for the construction of Phase II.  In addition, the USACE placed material on 
Atlantic Beach and Fort Macon in 2011 (1,347,300 cy), 2014 (1,107,585 cy), and 2017 (621,000 
cy) as part of the USACE Interim Operation Plan for the Morehead City Harbor Dredged Material 
Management Plan (DMMP) which is located outside the current engineered beach. 
 
Table 2-1 summarizes the historical nourishment projects in the study area by management reach 
along with the funding source (please note that Local includes towns, county, and State).  Table 
2-2 presents the total placement by management reach for all the projects combined.  Management 
reaches within the engineered beach portion of Bogue Banks have been highlighted in yellow. 
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Table 2-1. Nourishment Volumes by Project & Management Reach 

 
 

Table 2-2. Nourishment Volumes by Management Reach (cy) 

 
 

Year Project Management Reach Nourishment 
Volume (cy) Funding Source

2002 County Phase 1 Pine Knoll Shores 1,276,586 Local
2002 County Phase 1 Indian Beach/Salter Path 456,994 Local
2002 USACE Disposal Fort Macon 209,348 USACE
2003 County Phase 2 Emerald Isle - Central 1,016,946 Local
2003 County Phase 2 Emerald Isle - East 850,780 Local
2004 USACE Section 933 Indian Beach/Salter Path 582,735 Local/USACE
2004 USACE Section 933 Pine Knoll Shores 116,547 Local/USACE
2004 FEMA Post Isabel Emerald Isle - Central 57,408 FEMA
2004 FEMA Post Isabel Emerald Isle - East 98,592 FEMA
2005 Brandt Island Pump Out Atlantic Beach 2,390,000 USACE
2005 USACE Disposal Fort Macon 530,729 USACE
2005 County Phase 3 Bogue Inlet - Ocean 173,919 Local
2005 County Phase 3 Emerald Isle - West 516,949 Local
2007 USACE Section 933 Pine Knoll Shores 507,939 Local/USACE
2007 FEMA Post Ophelia Emerald Isle - West 304,037 FEMA
2007 FEMA Post Ophelia Emerald Isle - Central 114,942 FEMA
2007 FEMA Post Ophelia Emerald Isle - East 229,468 FEMA
2007 FEMA Post Ophelia Indian Beach/Salter Path 319,113 FEMA
2007 FEMA Post Ophelia Pine Knoll Shores 262,276 FEMA
2007 USACE Disposal Fort Macon 184,828 USACE
2008 AIWW Tangent B Disposal Pine Knoll Shores East 148,393 USACE
2011 USACE Disposal Atlantic Beach 799,504 USACE
2011 USACE Disposal Fort Macon 547,196 USACE
2013 FEMA Post Irene Emerald Isle - West 198,190 Local/FEMA
2013 FEMA Post Irene Emerald Isle - Central 83,635 Local/FEMA
2013 FEMA Post Irene Emerald Isle - East 367,965 Local/FEMA
2013 FEMA Post Irene Pine Knoll Shores 315,221 Local/FEMA
2014 USACE Disposal Atlantic Beach 522,518 USACE
2014 USACE Disposal Fort Macon 585,067 USACE
2015 USACE Disposal Fort Macon 150,000 USACE
2017 USACE Disposal Atlantic Beach 621,000 USACE
2019 Post-Florence Phase I Emerald Isle - Central 152,296 Local/State/FEMA
2019 Post-Florence Phase I Emerald Isle - East 472,649 Local/State/FEMA
2019 Post-Florence Phase I Indian Beach/Salter Path 350,702 Local/State/FEMA

15,514,472TOTAL

Management Reach 
(Transects)

Nourishment 
Volume (cy)

Bogue Inlet - Ocean (1-11) 173,919
Emerald Isle West (12-25) 1,019,176
Emerald Isle Central (26-36) 1,425,227
Emerald Isle East (37-48) 2,019,454
Indian Beach/Salter Path (49-58) 1,709,544
Pine Knoll Shores (59-76) 2,626,962
Atlantic Beach (77-102) 4,333,022
Fort Macon (103-112) 2,207,168

TOTAL 15,514,472
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Carteret County has completed development of a programmatic Environmental Impact Statement 
(EIS) which essentially outlines the nourishment needs (quantity, location, and timeframe) and 
sediment resources for Bogue Banks for the next 50 years.  One environmental permit, which has 
been obtained from review of the EIS, is now available to cover all nourishment actions for the 
next 50 years, eliminating the time-consuming process of permitting each individual project and 
allowing for placement of sand as needed.  The annual monitoring efforts will decide the exact 
timing and extents of future nourishment projects by tracking the average profile volume in each 
management reach as compared to nourishment triggers that define the minimum profile volumes 
required to provide an equal level of protection along the Bogue Banks shoreline.  As part of the 
development of the programmatic EIS, the Bogue Banks Master Beach Nourishment Plan was 
developed (M&N 2014).  This engineering study revised the volumetric triggers for each 
management reach (from the original 225 cy/ft), based on the profile volume from the foredune 
(landward most crest of primary dune) to the outer bar (above -12 ft NAVD88) to provide equal 
protection along the Bogue Banks oceanfront.  Based on the engineering analysis and historical 
and expected future funding levels, it was determined that Carteret County would be able to 
maintain protection from a 25-yr storm event.  Detailed SBEACH modeling (1-D cross-shore) was 
used to determine the amount of material above -12 ft NAVD88 that is needed to provide a 25-yr 
event level of protection in each management reach.  This is different for each reach depending on 
existing dune height, berm width, offshore slope, etc.  Table 2-3 presents the management reaches 
and newly developed nourishment triggers.  Documentation of this effort and the update to the 
FEMA engineered beach to include all oceanfront areas of Emerald Isle, Indian Beach/Salter Path, 
and Pine Knoll Shores was submitted to FEMA in June 2015 (M&N 2015a, M&N 2015b, M&N 
2015c). 

Table 2-3. Master Beach Nourishment Plan Triggers 

 

3.0 Pre- and Post-Storm Survey Data Collection 
Geodynamics conducted a survey of Bogue Banks in May 2019 as part of the annual monitoring 
for the BBBNMP.  The profile lines and origins used in previous BBBNMP monitoring studies 

Reach (Profiles)

Management 
Reach 
Length           

(ft)

Nourishment 
Trigger           

(cy)

Bogue Inlet (1-11)* 11,488 235
Emerald Isle West (12-25)* 18,288 266
Emerald Isle Central (26-36)* 15,802 211
Emerald Isle East (37-48)* 13,220 221
Indian Beach/Salter Path (49-58)* 12,850 224
Pine Knoll Shores (59-76)* 23,878 211
Atlantic Beach (77-102) 26,176 254

TOTAL 121,702
AVERAGE 233

weighted
*Highlighted Areas Denote Updated FEMA Engineered Beach Reaches



Final Report         Bogue Banks Beach & Nearshore Mapping Program 
Hurricane Dorian Post-Storm Impact Evaluation 

December 2019   5 

were also used for the May 2019 survey.  In addition, topographic mobile laser scanning, which 
was introduced in March 2018 for a portion of Bogue Banks ranging from Transect 27 to Transect 
82 (Emerald Isle through Pine Knoll Shores), was performed and covers the seaward face of the 
dune from approximately +14 ft NAVD88 to the water line at approximately 0 ft NAVD88.  Most 
recently, Geodynamics conducted a post-storm survey September 7 – 12, 2019 after the passage 
of Hurricane Dorian.  All of the profile lines and origins used in the BBBNMP monitoring program 
were used for the post-storm survey and the topographic mobile laser scanning was performed.  
Figure 3-1 shows the location of the profile lines and origins applied by Geodynamics for the 
BBBNMP survey in May 2019 and the post-storm survey in September 2019.  As shown, lines 
were stationed from west to east along Bogue Banks.  The survey data was provided in ASCII 
(xyz), Excel (xyz), Shapefile (GIS), and Free Format (BMAP) formats allowing for compatibility 
with multiple programs.  The survey was referenced in NAD 1983 State Plane North Carolina 
(feet) with a vertical datum of NAVD 1988. 
 
Several steps were taken by Geodynamics to ensure the accuracy of the survey data.  The May 
2019 and post-storm survey (September 2019) represent a continuation of previous surveys 
conducted for the Carteret County Shore Protection Office using high-density singlebeam sonar 
and topographic survey of Bogue Banks.  These surveys meet the requirements specified in the 
NOS (National Ocean Service) Hydrographic Surveys Specifications and Deliverables (April, 
2007), the OCS (Office of Coast Survey) Field Procedures Manual for Hydrographic Surveying 
(June 2008) and the criteria for Navigation and Dredging Support Hydrographic Surveys as 
outlined in the U.S. Army Corps of Engineers Hydrographic Surveying Manual, EM 1110-2-1003 
(EM 1110-2-1003 January 2002).  Detailed survey equipment, methods, and post-processing, and 
quality control procedures are provided in the standalone post-storm survey report by 
Geodynamics presented in Appendix A. 
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Figure 3-1. BBBNMP and Post-Storm Profile Line Locations – Bogue Banks 
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4.0 Survey Evaluation Methods 

4.1. Shoreline and Volume Change 
Survey comparisons and respective analysis were performed using Beach Morphology Analysis 
Package (BMAP).  BMAP is a program developed by the USACE to analyze morphologic and 
dynamic properties of beach profiles. 
 
All survey data sources were imported into ArcGIS, in xyz format, and displayed to compare the 
coverage of each set of data.  Free Format files containing the May 2019 and post-storm 
(September 2019) beach profiles being used for the comparison were then imported into Beach 
Morphology Analysis Package (BMAP).  Using BMAP, two indicators of beach profile change 
were calculated for each transect. 
 
First, shoreline change designated at the mean high water (MHW) contour, defined as +1.5 ft 
NAVD88, was calculated at each transect between the May 2019 and September 2019 profiles.  
The resulting value represents the shoreline change (ft) over the time period between surveys. 
 
Then, representative volume changes were calculated at each transect between May 2019 and 
September 2019.  Volume changes were calculated for five different extents across the profile, in 
order to better understand the processes occurring onshore and offshore of the Bogue Banks beach 
area.  Calculations included volume change above MHW (+1.5 ft NAVD88), above -5 ft NAVD88 
(wading depth/recreational beach), above -12 ft NAVD88 (outer bar), above -20 ft NAVD88 
(approximate closure), and above -30 ft NAVD88.  For those profiles which did not extend to -30 
ft NAVD88, volume calculations were performed above -30 ft out to the extent of the shortest 
survey.  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 
(cy) over 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 over the 
entire shoreline.  The resulting value indicated the total loss or gain of material between survey 
periods based on the applicable profile extents. 
 
Volume changes calculated for portions of the profiles above MHW are representative of changes 
in the amount of material in the dune system and on the subaerial beach.  These areas are highly 
influenced by the impact of storm activity.  Volume comparisons for portions of the profiles above 
-5 ft NAVD88 (approximate wading depth) are representative of changes in the portion of the 
beach used for recreation.  Volume comparisons above -12 ft NAVD88 help to track sand 
movement to and from the outer sand bar and are ultimately used in decision making for future 
beach nourishment projects.  Volume comparisons above -20 ft NAVD88 allow for the tracking 
of sand movement offshore to the approximate depth of closure while reducing the amount of 
uncertainty associated with the survey data by eliminating changes beyond this depth related to 
the vertical margin of uncertainty in the hydrographic survey data.  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 
comprehensive way to assess the impact of storm activity on the subaerial beach and dune system 
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as well as track the movement of sand offshore and quantify total gains and losses in the entire 
system.  Figure 4-1 presents a graphic showing the various calculation lenses. 
 

 
Figure 4-1. Profile Calculation Lenses 

Upon inspection of recent survey data, it appears the depth of closure is approximately -20 ft 
NAVD88.  Figure 4-2 and Figure 4-3 show example historical annual profiles from 2008 – 2019 
for various locations along the engineered beach portion of Bogue Banks in Emerald Isle and Pine 
Knoll Shores.  As can be seen, the profiles typically merge together seaward of the offshore bar 
between -16 ft NAVD88 and -20 ft NAVD88.  Therefore, for volume change calculation purposes, 
the depth of closure is assumed to be -20 ft NAVD88. 
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Figure 4-2. Example Historical Profiles (Emerald Isle – Central) 

 

 
Figure 4-3. Example Historical Profiles (Pine Knoll Shores) 
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4.2. Mobile Laser Scanner Evaluation 
Furthermore, an evaluation of the mobile laser scanning data was performed to assess for 
morphological features and storm induced changes not captured by the survey transects.  High 
quality surfaces created from the May 2019 and September 2019 laser scanner data were 
“subtracted” to create a surface showing the elevation change between the two surveys. 

4.3. Base of Dune Position Change 
Additionally, an assessment of the change in position of the base of the dune along Bogue Banks 
from May 2019 to September 2019 was performed.  The May 2019 and September 2019 dune base 
position was obtained from detailed surfaces created using a combination of profile data and 
mobile laser scanner data.  The difference in position was calculated in GIS at each transect and 
plotted to determine any trends in seaward growth or landward erosion of the dune along the 
oceanfront shoreline. 

4.4. Nourishment Trigger Assessment  
Finally, in accordance with the Master Beach Nourishment Plan, a preliminary assessment of 
current conditions of the beach compared to the new nourishment triggers was completed as part 
of this report.  The average profile volume above -12 ft NAVD88 was calculated for each 
management reach and plotted with respect to the nourishment triggers defined in the Master 
Beach Nourishment Plan to indicate which reaches have profile volumes close to their triggers and 
would be in need of nourishment in the near future. 

5.0 Discussion of Hurricane Dorian 
Hurricane Dorian impacted the North Carolina coast on September 5-6, 2019, ultimately making 
landfall on September 6 over Cape Hatteras National Seashore as a Category 1 storm.  Hurricane 
Dorian approached the North Carolina coast on a northeasterly track as it had previously hugged 
the coast from Florida to South Carolina.  Figure 5-1 presents the National Hurricane Center’s 
(NHC) published best track position for the hurricane, with time given in GMT.  As seen in Figure 
5-1, the hurricane track showed the center of the storm remained south and east of Bogue Banks, 
passing quickly and leaving the most dangerous quadrant (northeast) offshore.  Previously in 2016, 
Hurricane Mathew followed a similar track and actually pushed sand up onto the beach as it passed 
by. 
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Figure 5-1. Hurricane Dorian Track 

Hurricane Dorian was Category 1 hurricane as it brushed the North Carolina coast, ultimately 
making landfall along the Cape Hatteras National Seashore.  National Data Buoy Center buoy 
41159 – Onslow Bay Outer measured wave conditions continuously through the approach and 
passage of Hurricane Dorian while the Beaufort Tide Gage 8656483 measure water levels.  Figure 
5-2 presents the locations of each of these data gages with respect to Bogue Banks. 
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Figure 5-2. Wave Condition and Water Level Buoy Locations 

The hurricane winds produced very large waves offshore, as indicated in Figure 5-3 which charts 
the significant wave height (ft), wave period (sec), mean wave direction (deg), and water levels (ft 
NAVD88) during the storm.  Offshore significant wave heights at buoy 41159 peaked at 
approximately Hs = 22.6 ft on September 6, 2019.  However, elevated wave conditions existed 
throughout September 5 and 6.  The mean wave direction indicates waves primarily coming from 
the southeast for the duration of the storm, however, the angle of approach changed after the storm 
passed by.  Water levels measured at Beaufort indicate that the peak of Hurricane Dorian occurred 
during low tide, sparing Bogue Banks from elevated water levels much beyond the natural high 
tide, with water levels peaking at 2.9 ft NAVD88.  Surge magnitudes on the oceanfront beaches 
of Bogue Banks are likely to have been slightly higher than indicated by the more sheltered 
Beaufort tide gage.  Lastly, it is also important to note that the wave periods experienced during 
Dorian were higher than normal at the onset of the storm but decreased after the peak of the storm. 
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Figure 5-3. Measured Wave and Water Level Conditions During Hurricane Dorian 

Based on an analysis completed for the Bogue Banks Master Beach Nourishment Plan (M&N 
2014), a 2-year storm event along Bogue Banks contains an offshore peak wave height of 
approximately 20.5 ft and a 5-year storm event contains an offshore peak wave height of 
approximately 26.2 ft.  Therefore, in terms of wave height, Dorian was somewhere between a 2 
and 5-year event.  While the peak water level at Beaufort during Hurricane Dorian was 2.9 ft 
NAVD88, the Beaufort tide gage is sheltered within the inlet and it is probable that water levels 
on the oceanfront were slightly higher.  Analysis completed for the Bogue Banks Master Beach 
Nourishment Plan indicated that water levels at Atlantic Beach are, on average, 1.2 times the peak 
at Beaufort.  Therefore, it is likely that water levels along the oceanfront reached almost 3.5 ft, 
making Dorian less than a 2-year storm event, which has an estimated water level of approximately 
4.4 ft NAVD88 according to the analysis completed for the Bogue Banks Master Beach 
Nourishment Plan 

6.0 Discussion of Post-Storm Survey Evaluation 

6.1. Post-Storm Field Inspection 
As Hurricane Dorian approached, a pre-storm field inspection was conducted by the Carteret 
County Shore Protection Office (CCSPO) on September 3, 2019.  After Hurricane Dorian passed, 
a post-storm field inspection was completed by the CCSPO on September 6, 2019.  The field 
inspections consisted of photo and visual observations taken at key locations along Bogue Banks 
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and a post-storm drone video of the oceanfront shoreline.  Links to the pre-Dorian photos taken by 
the CCSPO can be found at http://www.carteretcountync.gov/gallery.aspx?AID=63 and links to 
the post-Dorian photos taken by the CCSPO can be found at 
http://www.carteretcountync.gov/gallery.aspx?AID=64.  A link to the post-storm drone video can 
be found at https://www.youtube.com/watch?v=icptLDObh34&feature=youtu.be.  A small 
briefing prepared by the CCSPO which describes some of the visual observations and provides a 
pre- and post-storm comparison of photos at a few key locations along Bogue Banks can be found 
in Appendix B. 
 
During the field investigation, it was evident that the berm and base of existing dune had 
experienced very little damage, even in the newly nourished portions of the Phase I Post-Florence 
Renourishment Project.  Figure 6-1 through Figure 6-4 present examples of the pre- and post-
storm field comparison by the CCSPO, showing berm and existing dune appear to have remained 
intact throughout the storm. 
 

 
Figure 6-1. Pre- and Post-Storm Beach Conditions – Ocean Drive, Emerald Isle (CCSPO) 

http://www.carteretcountync.gov/gallery.aspx?AID=63
http://www.carteretcountync.gov/gallery.aspx?AID=64
https://www.youtube.com/watch?v=icptLDObh34&feature=youtu.be
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Figure 6-2. Pre- and Post-Storm Beach Conditions – 4WD Ramp, Indian Beach (CCSPO) 

 

 
Figure 6-3. Pre- and Post-Storm Beach Conditions – Memorial Park, Pine Knoll Shores (CCSPO) 
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Figure 6-4. Pre- and Post-Storm Beach Conditions – Doubletree, Atlantic Beach (CCSPO) 

6.2. Beach Changes Attributed to Hurricane Dorian 
Shoreline and beach profile volume change trends are discussed in the following sections for the 
defined management reaches of Bogue Banks (Figure 3-1).  For reference, the MHW shoreline 
position and base of dune for May 2019 and Post-Dorian (September 2019) was plotted on aerials 
and is presented in Appendix C along with the May 2019 and post-Dorian mobile laser scanner 
DEM surfaces and Mat 2019 vs. September 2019 surface comparison.  Profile comparison plots 
for individual transects which include the May 2019 and Post-Dorian (September 2019) profiles 
are presented in Appendix D.  The computed shoreline changes and volume changes at each 
individual transect for the time periods being covered are tabulated in Appendix E. 

6.2.1. Bogue Inlet 
The Bogue Inlet region is comprised of an oceanfront area located in Emerald Isle along the 
western terminus of Bogue Banks which covers Transects 1 through 11 (Bogue Inlet – Ocean) and 
an area along the eastern side of Bogue Inlet covering Transects 117 through 120 (Bogue Inlet – 
Channel) (see Figure 3-1).  This area along the eastern side of Bogue Inlet is not within the bounds 
of the current engineered beach while the oceanfront area is.  A summary of average shoreline and 
volume changes between May 2019 and September 2019 for the Bogue Inlet region are presented 
in Table 6-1. 
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Table 6-1. Average Shoreline and Volume Change for Bogue Inlet 

 
 

The Bogue Inlet – Ocean region experienced an overall average seaward advancement of the 
shoreline at MHW of +4.0 ft.  The profile plots in Appendix D show that Transects 1 through 4, 
nearest Bogue Inlet, experienced some moderate erosion while the remainder of the transects 
experienced either negligible change or accretion at MHW.  Minor volume losses were 
experienced above all elevations analyzed.  Overall, the Bogue Inlet - Ocean reach lost 
approximately -13,991 cy (-1.2 cy/ft) of material above -12 ft NAVD88 and -39,801 cy (-3.5 cy/ft) 
above -20 ft NAVD88 as a result of Hurricane Dorian.  Figure 6-5 displays the unit volume change 
at each transect for the Bogue Inlet - Ocean region.  As can be seen, erosion and accretion 
fluctuated throughout the reach, with profiles in the middle of the reach experiencing only minor 
volume changes, trending on the side of erosion.  Profiles nearest Bogue Inlet experienced the 
largest changes as is common in this highly dynamic environment adjacent to an inlet.  It should 
be noted that a portion of the Bogue Inlet - Ocean reach from Transects 7 through 11, which are 
in the most need of nourishment as a result of Hurricane Florence and some additional losses from 
Hurricane Dorian, will be nourished this coming winter during the Post-Florence Renourishment 
Project – Phase II. 
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(Transects 117-120)* 2,000 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

*Note: Due to the dynamic nature of Bogue Inlet, shoreline and volume calculations were not performed

Reach                                            
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Figure 6-5. Bogue Inlet Ocean Unit Volume Change (May 2019 – September 2019) 

The Bogue Inlet - Channel region is highly dynamic due to the inlet.  The location of dry land 
changes so frequently that profiles along Bogue Inlet often do not line up properly from year to 
year.  Therefore, analytical calculations were not performed at Transect 117 through 120.  Upon 
investigation of the profile plots in Appendix D, it appears that there was a small eastward shift 
of the channel bank but overall negligible change in channel centerline position and elevation.  
Figure 6-6 shows an example profile (Transect 120) from Bogue Inlet which displays the minor 
changes in the channel occurring between May 2019 and September 2019. 
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Figure 6-6. Example Bogue Inlet Transect 

6.2.2. Emerald Isle 
The Emerald Isle region covers Transects 12 through 48 of the Bogue Banks shoreline and is 
divided into three management reaches (see Figure 3-1): 1) Emerald Isle – West (Transects 12-
25), 2) Emerald Isle – Central (Transects 26-36), and 3) Emerald Isle – East (Transects 37-48).  
Since monitoring began in 1999, this area has received a total of 4.46 million cy of nourishment 
material as a result of past local projects and FEMA post-storm work (Isabel, Ophelia, Irene, and 
Florence).  Most recently, approximately 624,945 cy of material was placed in Emerald Isle East 
and a small portion of Emerald Isle Central (Transects 34 – 48) in March through April 2019 as 
part of the Post-Florence Renourishment Project – Phase I.  A summary of average shoreline and 
volume changes between May 2019 and September 2019 for the Emerald Isle region are presented 
in Table 6-2. 
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Table 6-2. Average Shoreline and Volume Change for Emerald Isle 

 
 
The Emerald Isle region experienced an overall average seaward advancement of the shoreline at 
MHW of +19.1 ft.  Profile plots in Appendix D show many instances where sand has been pushed 
onshore between +4 ft NAVD88 and 0 ft NAVD88.  Seaward advancement of the shoreline was 
evident at a majority of transects in Emerald Isle. 
 
Overall, Emerald Isle experienced volume gains above -12 ft NAVD88 of +125,474 cy (+2.7 cy/ft) 
and almost no volume change above -20 ft NAVD88.  However, there were some minor losses in 
above -12 ft NAVD88 in Emerald Isle East (-58,494 cy or -4.4 cy/ft) and above -20 ft NAVD88 
in Emerald Isle West (-71,725 cy or -3.9 cy/ft) and Emerald Isle East (-41,530 cy or -3.1 cy/ft).  It 
should be noted that losses in Emerald Isle East are expected due to equilibration of the Post-
Florence Renourishment Project – Phase I.  However, all three reaches of Emerald Isle showed 
volume gains above MHW, indicating material has been pushed onshore by the storm.  Figure 6-7 
displays the unit volume change at each transect above the five elevations that were analyzed.  As 
can be seen, alternating patterns of erosion and accretion exist throughout the reach.  The only 
consistent trend is the volume gains experienced above MHW.  It appears that there were slightly 
more transects experiencing gains in volume in Emerald Isle Central and Emerald Isle West as 
compared to Emerald Isle East.  Nonetheless, any additional losses that occurred during Hurricane 
Dorian will be addressed in Emerald Isle West (Transects 12 – 14) during the upcoming Post-
Florence Renourishment Project – Phase II construction planned for winter 2019/2020 and in 
Emerald Isle East during the construction planned for winter 2020/2021. 
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Figure 6-7. Emerald Isle Unit Volume Change (May 2019 – September 2019) 

6.2.3. Indian Beach/Salter Path 
The Indian Beach/Salter Path region covers Transects 49 through 58 of the Bogue Banks shoreline 
and is defined as a single management reach (see Figure 3-1).  Since monitoring efforts began in 
1999, this area has received 1.71 million cy of nourishment material from past local projects, 
USACE Section 933, and FEMA post-storm work (Ophelia and Florence).  Most recently, 
approximately 350,702 cy of material was placed in Indian Beach/Salter Path (Transects 49 – 52 
and 55 – 58) in March through April 2019 as part of the Post-Florence Renourishment Project – 
Phase I.  A summary of average shoreline and volume changes between May 2019 and September 
2019 for the Indian Beach/Salter Path region are presented in Table 6-3. 

Table 6-3. Average Shoreline and Volume Change for Indian Beach/Salter Path 

 
 
The Indian Beach/Salter Path region experienced an overall average seaward advancement of the 
shoreline at MHW of +13.6 ft.  Similar to Emerald Isle, profile plots in Appendix D show many 
instances where sand has been pushed onshore between +4 ft NAVD88 and 0 ft NAVD88.  
Seaward advancement of the shoreline was evident at a majority of transects in Indian Beach/Salter 
Path. 
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Overall, Indian Beach/Salter Path experienced very minor volume losses above -12 ft NAVD88 of 
-3,330 cy (-0.3 cy/ft) and volume gains above -20 ft NAVD88 of +39,366 cy (+3.1 cy/ft).  Similar 
to Emerald Isle, volume gains were also experienced above MHW (+43,353 cy or +3.4 cy/ft).  
Given the recent nourishment project, losses would typically be expected due to profile 
equilibration.  Figure 6-8 displays the unit volume change at each transect for the Indian 
Beach/Salter Path region.  As can be seen, volume gains were evident at a majority of transects 
however, the middle of the reach did experience some losses. 
 

 
Figure 6-8. Indian Beach/Salter Path Unit Volume Change (May 2019 – September 2019) 

6.2.4. Pine Knoll Shores 
The Pine Knoll Shores region covers Transects 59 through 76 of the Bogue Banks shoreline and 
is defined as a single management reach (see Figure 3-1).  Since monitoring efforts began in 1999, 
the Pine Knoll Shores area has received 2.63 million cy of nourishment material as a result of past 
local projects, USACE Section 933, and FEMA post-storm work (Ophelia and Irene).  A summary 
of average shoreline and volume changes between May 2019 and September 2019 for the Pine 
Knoll Shores region are presented in Table 6-4. 
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Table 6-4. Average Shoreline and Volume Change for Pine Knoll Shores 

 
 
The Pine Knoll Shores region experienced an overall average seaward advancement of the 
shoreline at MHW of +20.2 ft.  Profile plots in Appendix D show many instances where sand has 
been pushed onshore between +8 ft NAVD88 and -4 ft NAVD88.  Seaward advancement of the 
shoreline was evident at a majority of transects in Pine Knoll Shores, with just a few transects on 
the western end of the reach showing some erosion of the shoreline at MHW. 
 
Volume gains were experienced above all elevations analyzed in Pine Knoll Shores.  Volume gains 
totaled +132,365 cy (+5.5 cy/ft) above -12 ft NAVD88 and +117,105 cy (+4.9 cy/ft) above -20 ft 
NAVD88.  Figure 6-9 displays the unit volume change at each transect for the Pine Knoll Shores 
region.  As can be seen, while there was some localized erosion at a few transects, a majority of 
transects experienced even larger volume gains. 
 

 
Figure 6-9. Pine Knoll Shores Unit Volume Change (May 2019 – September 2019) 
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6.2.5. Atlantic Beach 
The Atlantic Beach region covers Transects 77 through 102 of the Bogue Banks shoreline and is 
defined as a single management reach (see Figure 3-1).  This reach is not within the current 
engineered beach, but is instead the recipient of material dredged from the USACE’s Morehead 
City Harbor navigation project.  Since monitoring began in 1999, the area has received 4.33 million 
cy of nourishment material from the Brandt Island Pump Out and USACE dredge disposal.  It is 
important to note that Atlantic Beach is not included within the current engineered beach and is 
therefore not eligible for FEMA reimbursement even if storm damage occurs.  However, the reach 
is still monitored post-storm to capture a complete picture of oceanfront impacts along Bogue 
Banks.  A summary of average shoreline and volume changes between May 2019 and September 
2019 for the Atlantic Beach region are presented in Table 6-5. 

Table 6-5. Average Shoreline and Volume Change for Atlantic Beach 

 
 
The Atlantic Beach region experienced an overall average seaward advancement of the shoreline 
at MHW of +25.5 ft.  Profile plots in Appendix D show many instances where sand has been 
pushed onshore between +8 ft NAVD88 and -4 ft NAVD88.  Seaward advancement of the 
shoreline was evident at a majority of transects in Atlantic Beach, with only three transects 
showing some erosion of the shoreline at MHW. 
 
Volume gains were experienced along the upper portions of the profile above MHW, -5 ft 
NAVD88, and -12 ft NAVD88 with volume gains above -12 ft NAVD88 totaling +92,927 cy (+3.6 
cy/ft).  However, there were some minor losses experienced above -20 ft NAVD88 of -22,832 cy 
(-0.9 cy/ft).  Figure 6-10 displays the unit volume change at each transect for the Atlantic Beach 
region.  As can be seen, the western portion of the reach experienced volume gains at a majority 
of the transects while the eastern portion of the reach experienced more volume losses.  The eastern 
portion of Atlantic Beach is the location of the USACE project and likely experiences greater 
erosion than the remainder of the reach, therefore indicating the need for the federal project. 
 

Reach        
Length

Average 
Shoreline 
Change @      

MHW +1.5 ft 
NAVD88

Average 
Volume 
Change 

Above +1.5 
ft NAVD88

Cumulative 
Volume 
Change 

Above +1.5 
ft NAVD88

Average 
Volume 
Change 
Above -5         

ft NAVD88

Cumulative 
Volume 
Change 
Above -5         

ft NAVD88

Average 
Volume 
Change 

Above -12    
ft NAVD88

Cumulative 
Volume 
Change 

Above -12    
ft NAVD88

Average 
Volume 
Change 

Above -20   
ft NAVD88

Cumulative 
Volume 
Change 

Above -20    
ft NAVD88

Average 
Volume 
Change 

Above -30    
ft NAVD88

Cumulative 
Volume 
Change 

Above -30    
ft NAVD88

ft ft cy/ft cy cy/ft cy cy/ft cy cy/ft cy cy/ft cy
Atlantic Beach                
(Transects 77-102) 26,176 25.5 4.4 114,602 2.8 72,619 3.6 92,927 -0.9 -22,832 -2.9 -75,078

Reach                                            
(Transects)



Final Report         Bogue Banks Beach & Nearshore Mapping Program 
Hurricane Dorian Post-Storm Impact Evaluation 

 

December 2019  25 

 
Figure 6-10. Atlantic Beach Unit Volume Change (May 2019 – September 2019) 

6.2.6. Fort Macon State Park 
The Fort Macon State Park region covers Transects 103 through 112 of the Bogue Banks shoreline 
and is defined as a single management reach (see Figure 3-1).  This reach is not within the current 
engineered beach (owned by the State), but is instead the recipient of material dredged from the 
USACE’s Morehead City Harbor navigation project.  Since monitoring began in 1999, this region 
has received 2.21 million cy of nourishment material from USACE Inner Harbor Dredging 
Disposal.  It is important to note that Fort Macon is not included within the current engineered 
beach and is therefore not eligible for FEMA reimbursement even if storm damage occurs.  
However, the reach is still monitored post-storm to capture a complete picture of oceanfront 
impacts along Bogue Banks.  A summary of average shoreline and volume changes between May 
2019 and September 2019 for the Fort Macon State Park region are presented in Table 6-6. 

Table 6-6. Average Shoreline and Volume Change for Fort Macon State Park 

 
 
The Fort Macon region experienced an overall average landward recession of the shoreline at 
MHW of -1.9 ft.  Fort Macon was the only oceanfront reach to experience an average recession of 
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the shoreline post-Dorian.  Profile plots in Appendix D show fluctuating patterns of recession and 
seaward advancement at MHW throughout the reach.  In most cases there was at least some 
material pushed up onto the berm but it did not always equate to a seaward advancement at MHW. 
 
Volume gains were experienced along the upper portions of the profile above MHW and -5 ft 
NAVD88 while volume losses were experienced offshore above -12 ft NAVD88, -20 ft NAVD88, 
and -30 ft NAVD88.  Volume losses above -12 ft NAVD88 totaled -3,655 cy (-0.5 cy/ft) while 
volume losses above -20 ft NAVD88 totaled -69,983 cy (-10.5 cy/ft).  Offshore losses are very 
probable in Fort Macon given its proximity to Beaufort Inlet and the increase in longshore transport 
of material towards the inlet.  While the terminal groin may help to keep material on the upper 
portions of the beach, it is easy for offshore material to be transported directly into the inlet.  Figure 
6-11 displays the unit volume change at each transect in the Fort Macon State Park region.  As can 
be seen, volume gains above MHW and -5 ft NAVD88 and offshore losses are evident throughout 
a majority of the reach. 
 

 
Figure 6-11. Fort Macon State Park Unit Volume Change (May 2019 – September 2019) 
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covers Transects 112B through 116.  It is important to note that Beaufort is not included within 
the current engineered beach and is therefore not eligible for FEMA reimbursement even if storm 
damage occurs.  However, the reach is still monitored post-storm to capture a complete picture of 
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impacts along Bogue Banks.  A summary of average shoreline and volume changes between May 
2019 and September 2019 for the Beaufort Inlet region are presented in Table 6-7. 

Table 6-7. Average Shoreline and Volume Change for Beaufort Inlet 

 
 
The Beaufort Inlet region experienced an overall average shoreline recession of -54.4 ft.  Profile 
plots in Appendix D indicate losses from the berm down to -10 ft NAVD88.  However, these 
losses appear to be captured at lower elevations along the western channel bank.  Fort Macon 
experienced volume losses above all elevations analyzed with losses above -12 ft NAVD88 
totaling -47,961 cy (-24.0 cy/ft) and losses above -20 ft NAVD88 totaling -40,508 cy (-20.3 cy/ft).  
Smaller losses above -30 ft NAVD88 (-8,992 cy or -4.5 cy/ft) lend confidence to the fact that the 
losses are being captured at lower elevations along the channel bank below -20 ft NAVD88.  
Figure 6-12 displays the unit volume change at each transect in the Beaufort Inlet region.  As can 
be seen, volume erosion prevailed throughout the reach.  Beaufort Inlet experienced the largest 
unit volume losses of all the reaches. 
 

 
Figure 6-12. Beaufort Inlet Unit Volume Change (May 2019 – September 2019) 
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Figure 6-13 shows a representative profile at Transect 114 of Beaufort Inlet, indicating some of 
the losses experienced to the upper portion of the profile and subsequent gains in material at lower 
elevations along the channel bank. 
 

 
Figure 6-13. Beaufort Inlet Representative Profile 

6.2.8. Dune Base Analysis 
In recent years, it has been noted that sand fencing and vegetation have managed to capture wind 
blown sand and cause some growth at the base of the dune, pushing it seaward in many locations.  
In order to track the position of the base of the dune, the surfaces created from the mobile laser 
scanning data were used to extract the position of the base of the dune where the break in slope 
from the dune to the berm is visible.  The difference in position of the base of the dune at each 
transect from May 2019 to September 2019 was calculated and plotted to determine any trends in 
movement along the oceanfront shoreline.  Figure 6-14 presents the results of this analysis, 
indicating minor overall erosion at the base of the dune.  Most transects saw some recovery at the 
base of the dune, as was expected given the positive volume changes experienced above MHW, 
with the exception of the areas nourished during the Post-Florence Renourishment Project – Phase 
I.  It is likely that the profile in these areas experienced some equilibration, causing the contour 
selected as the base of the dune to move slightly landward.  It is not suspected that dune erosion 
actually occurred as a result of the storm. 
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Figure 6-14. Base of Dune Position Change (May 2019 – September 2019) 

6.2.9. Mobile Laser Scanner Analysis 
As mentioned previously, in addition to beach profiles Geodynamics used a mobile laser scanner 
to collect additional topographic data in hotspot areas ranging from Transect 27 in Emerald Isle 
Central to Transect 82 in Atlantic Beach.  It is hoped that this will increase knowledge of the 
dynamics present in the hotspot areas in Emerald Isle and Pine Knoll Shores.  Figure 6-15 presents 
the extents of the mobile laser scanner data collection. 
 

 
Figure 6-15. Mobile Laser Scanner Extents 

-30

-25

-20

-15

-10

-5

0

5

10

15

20

25

30

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115

Ba
se

 o
f D

un
e 

Po
si

tio
n 

Ch
an

ge
 (f

t)

Transect

Base of Dune Position Change (May 2019 - September 2019)

Average Position Change May 2019 v. September 2019 = -1.9 ft



Final Report         Bogue Banks Beach & Nearshore Mapping Program 
Hurricane Dorian Post-Storm Impact Evaluation 

 

December 2019  30 

The mobile laser scanner delivers high density elevation data from the seaward face of the dune 
(approximately +14 ft NAVD88) to the waterline (approximately 0 ft NAVD88), providing insight 
as to the morphology of the dry beach in between transects.  From this data, extremely accurate 
DEM surfaces were created for each survey, seamlessly covering the laser scanning extents.  The 
surfaces were then subtracted to show the elevation changes on the dry beach associated with 
Hurricane Dorian.  Figure 6-16 shows an example of the May 2019 surface, Post-Dorian surface, 
and a surface depicting the difference between the two surveys. 
 

 
Figure 6-16. Example Mobile Laser Scanning Surfaces 

As can be seen, elevation change on the dry beach is mostly positive, indicating some accretion as 
was evident in the shoreline and volume change calculations.  However, there are some pockets of 
erosion.  The magnitude of the overall changes are relatively small ranging from approximately 
-4 ft to +5 ft.  Figures showing the May 2019 surface, post-Dorian surface, and the difference 
surface for the entire laser scanner extents can be found in Appendix C. 

6.2.10. Summary of Overall Oceanfront Storm Impacts 
Figure 6-17 and Figure 6-18 present the shoreline and volume changes at each transect along the 
entire Bogue Banks oceanfront.  It is very evident that the shoreline experienced seaward 
advancement at a majority of transects along Bogue Banks.  However, volume change trends were 
not as apparent.  Volume gains above MHW were prevalent along the oceanfront shoreline 
however changes above other elevations alternated between erosion and accretion throughout the 
25 miles of beach with slightly more erosion occurring adjacent to the inlets as compared to the 
middle of the island. 
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Figure 6-17. Shoreline Change At MHW Along The Bogue Banks Oceanfront 
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Figure 6-18. Volume Change Above Various Elevations Along The Bogue Banks Oceanfront 
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A summary of the shoreline and volume changes for each management reach along Bogue Banks 
is presented along with average and total oceanfront and engineered beach values in Table 6-8.  
For Bogue Banks, 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 
Bogue Banks oceanfront.  The weighted average also accounts for differences in the shoreline 
length between each transect.  Portions of the engineered beach eligible for FEMA reimbursement 
pending a Category G disaster declaration are highlighted in yellow. 

Table 6-8. Bogue Banks Shoreline and Volume Change Statistics (May 2019 – September 2019) 

 
 
According to Table 6-8, the Bogue Banks oceanfront experienced an overall seaward advancement 
of the shoreline at MHW of +17.6 ft while the engineered beach also experienced a seaward 
advancement of +16.8 ft.  In general, volume gains were experienced above all elevations analyzed 
with the exceptions of some minor losses above -5 ft NAVD88 along the engineered beach.  
Volume gains above -12 ft NAVD88 totaled +240,517 cy (+2.5 cy/ft) along the engineered beach 
and +329,790 cy (+2.6 cy/ft) along the oceanfront.  Volume gains above -20 ft NAVD88 were 
slightly smaller at +116,233 cy (+1.2 cy/ft) along the engineered beach and +23,418 cy (+0.2 cy/ft) 
along the oceanfront.  Nonetheless, there were some individual reaches along the engineered beach 
that did experience minor volume losses above -12 ft NAVD88 (Bogue Inlet – Ocean, Emerald 
Isle East, Indian Beach/Salter Path) and/or -20 ft NAVD88 (Bogue Inlet – Ocean, Emerald Isle 
West, Emerald Isle East).  Losses above -20 ft NAVD88 (elevation used for FEMA 
reimbursement) in these reaches totaled -153,057 cy above -20 ft NAVD88.  Given that Category 
G public assistance was not declared in relation to Hurricane Dorian, any losses incurred 
above -20 ft NAVD88 are not reimbursable.  Fortunately, these losses can be addressed (in 
the absence of any natural recovery) during the next two years of construction for the Post-
Florence Renourishment Project. 
 

Reach        
Length

Average 
Shoreline 
Change @      

MHW +1.5 ft 
NAVD88

Average 
Volume 
Change 

Above +1.5 
ft NAVD88

Cumulative 
Volume 
Change 

Above +1.5 
ft NAVD88

Average 
Volume 
Change 
Above -5         

ft NAVD88

Cumulative 
Volume 
Change 
Above -5         

ft NAVD88

Average 
Volume 
Change 

Above -12    
ft NAVD88

Cumulative 
Volume 
Change 

Above -12    
ft NAVD88

Average 
Volume 
Change 

Above -20   
ft NAVD88

Cumulative 
Volume 
Change 

Above -20    
ft NAVD88

Average 
Volume 
Change 

Above -30    
ft NAVD88

Cumulative 
Volume 
Change 

Above -30    
ft NAVD88

ft ft cy/ft cy cy/ft cy cy/ft cy cy/ft cy cy/ft cy
Bogue Inlet-Ocean 
(Transects 1-11) 11,488 4.0 0.0 -402 -1.1 -12,440 -1.2 -13,991 -3.5 -39,801 -1.2 -13,858

Emerald Isle-West 
(Transects 12-25) 18,288 11.2 0.7 12,170 -1.3 -23,680 1.9 34,002 -3.9 -71,725 -4.7 -85,164

Emerald Isle-Central 
(Transects 26-36) 15,802 31.4 4.7 73,728 2.6 41,199 9.5 149,966 7.1 112,820 7.5 119,157

Emerald Isle-East 
(Transects 37-48) 13,220 15.4 1.1 14,602 -7.5 -98,752 -4.4 -58,494 -3.1 -41,530 -1.6 -21,001

Indian Beach-Salter Path 
(Transects 49-58) 12,850 13.6 3.4 43,353 -2.6 -33,007 -0.3 -3,330 3.1 39,366 6.5 84,147

Pine Knoll Shores 
(Transects 59-76) 23,878 20.2 3.0 72,603 2.1 50,027 5.5 132,365 4.9 117,105 10.4 248,654

Atlantic Beach                
(Transects 77-102) 26,176 25.5 4.4 114,602 2.8 72,619 3.6 92,927 -0.9 -22,832 -2.9 -75,078

Fort Macon State Park 
(Transects 103-112) 6,691 -1.9 3.5 23,341 1.8 12,242 -0.5 -3,655 -10.5 -69,983 -10.6 -70,709

Beaufort Inlet                   
(Transects 112B-116) 2,000 -54.4 -7.9 -15,872 -17.3 -34,589 -24.0 -47,961 -20.3 -40,508 -4.5 -8,992

Bogue Inlet-Channel 
(Transects 117-120)* 2,000 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Reach        
Length

Weighted    
Avg

Weighted 
Avg Total Weighted 

Avg Total Weighted 
Avg Total Weighted 

Avg Total Weighted 
Avg Total

FEMA Engineered Beach            
(Transects 1-76)

95,527 16.8 2.3 216,055 -0.8 -76,654 2.5 240,517 1.2 116,233 3.5 331,936

Oceanfront                    
(Transects 1-112) 128,393 17.6 2.8 353,998 0.1 8,207 2.6 329,790 0.2 23,418 1.4 186,149

*Note: Due to the dynamic nature of Bogue Inlet, shoreline and volume calculations were not performed

Reach                                            
(Transects)
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Figure 6-19 and Figure 6-20 display the trends in Table 6-8 with bar plots of the average and 
cumulative volume changes at each reach.  As can be seen, a fair amount of volume gains can be 
seen throughout the reaches with Emerald Isle East, and Beaufort Inlet experiencing the largest 
unit volume losses. 
 

 
Figure 6-19. Average Unit Volume Change by Reach (May 2019 – September 2019) 
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Figure 6-20. Cumulative Volume Change by Reach (May 2019 – September 2019) 

6.3. Master Beach Nourishment Plan Incorporation 
As mentioned previously, Carteret County has recently completed permitting of a 50 year Master 
Beach Nourishment Plan including a programmatic Environmental Impact Statement (EIS) and 
engineering report which outlines the nourishment needs (quantity, location, and timeframe), 
sediment resources (offshore, inlet, and upland), and funding strategies for Bogue Banks for the 
next 50 years.  As part of the Bogue Banks Master Beach Nourishment Plan, volumetric triggers 
for each management reach, based on the profile volume from the foredune (landward most crest 
of primary dune) to the outer bar (above -12 ft NAVD88), were established to provide equal 
protection along the Bogue Banks oceanfront from a 25-yr storm event (see Table 2-3).  Figure 
6-21 presents the historical and current profile volumes above -12 ft NAVD88 as compared to the 
nourishment triggers established for the Bogue Banks Master Beach Nourishment Plan.  As can 
be seen, all reaches contain profile volumes greater than the nourishment triggers, although the 
September 2019 post-Dorian survey indicates that Emerald Isle – West and Pine Knoll Shores are 
approaching the minimum volume requirements.  Nourishment will be placed in a portion of 
Emerald Isle West and all of Pine Knoll Shores during the Post-Florence Renourishment Project 
– Phase II scheduled for construction during winter 2019/2020.  A plan to nourish the remainder 
of Emerald Isle West and Emerald Isle Central along with a retouch of the Phase I project in 
Emerald Isle East and Indian Beach/Salter Path is currently being formulated for winter 
2020/2021. 
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Figure 6-21. Average Profile Volume From The Foredune To The Outer Bar 

7.0 Summary 
Comprehensive surveying of the Bogue Banks shoreline began in 1999 as a way to formulate the 
Bogue Banks Beach Restoration Project (the “improved beach,” or County Project).  In spring 
2004, the Bogue Banks Beach and Nearshore Mapping Program was initiated to assess beach 
conditions and form strategies for future beach nourishment projects.  Bear Island and Shackleford 
Banks were added to the monitoring project in October 2004 and May 2005, respectively.  Surveys 
have been performed annually during the spring/summer timeframe along all three stretches of 
shoreline.  In addition, after large storm events, surveying has been performed along Bogue Banks 
to assess and address impacts.  The most recent annual (pre-storm) monitoring survey was 
completed during May 2019 by Geodynamics.  Geodynamics conducted a post-storm survey on 
September 7 - 12, 2019, immediately following the passage of Hurricane Dorian.  For this storm 
impact evaluation, the May 2019 survey was compared with the September 2019 survey.  The 
profile data have been used to compute shoreline change at MHW (+1.5 ft NAVD88) and volume 
change above MHW, -5 ft NAVD88 (wading depth), -12 ft NAVD88 (outer bar), -20 ft NAVD88 
(approximate closure), and -30 ft NAVD88.  Key statistics were computed for defined regions 
along the Bogue Banks shoreline between the pre- and post-storm survey profiles as summarized 
in Table 7-1.  Areas included in the engineered beach are highlighted in yellow.  These areas 
would be eligible for FEMA reimbursement, should Category G public assistance be declared. 
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Table 7-1. Average Shoreline and Volume Change Attributable to Hurricane Dorian 

 
 
The Bogue Banks oceanfront experienced an overall seaward advancement of the shoreline at 
MHW of +17.6 ft while the engineered beach also experienced a seaward advancement of +16.8 
ft.  In general, volume gains were experienced above all elevations analyzed with the exceptions 
of some minor losses above -5 ft NAVD88 along the engineered beach.  Volume gains above -12 
ft NAVD88 totaled +240,517 cy (+2.5 cy/ft) along the engineered beach and +329,790 cy (+2.6 
cy/ft) along the oceanfront.  Volume gains above -20 ft NAVD88 were slightly smaller at +116,233 
cy (+1.2 cy/ft) along the engineered beach and +23,418 cy (+0.2 cy/ft) along the oceanfront.  
Nonetheless, there were some individual reaches along the engineered beach that did experience 
minor volume losses above -12 ft NAVD88 (Bogue Inlet – Ocean, Emerald Isle East, Indian 
Beach/Salter Path) and/or -20 ft NAVD88 (Bogue Inlet – Ocean, Emerald Isle West, Emerald Isle 
East).  Losses above -20 ft NAVD88 (elevation used for FEMA reimbursement) in these reaches 
totaled -153,057 cy. 
 
Given that Category G public assistance was not declared in relation to Hurricane Dorian, 
any losses incurred above -20 ft NAVD88 are not reimbursable.  Fortunately, these losses 
can be addressed (in the absence of any natural recovery) during the next two years of 
construction for the Post-Florence Renourishment Project. 
 
Carteret County has developed a programmatic Environmental Impact Statement (EIS) which 
essentially outlines the nourishment needs (quantity, location, and timeframe) and sediment 
resources for Bogue Banks for the next 50 years which was used to obtain a 50-yr permit to cover 
these activities.  The annual monitoring efforts will decide the exact timing and extents of future 
nourishment projects by tracking the average profile volume in each management reach as 
compared to nourishment triggers that define the minimum profile volumes required to provide an 
equal level of protection along the Bogue Banks shoreline for a 25 yr storm event.  Assessment of 
current conditions compared to the nourishment triggers defined in the Master Beach Nourishment 

Reach        
Length

Average 
Shoreline 
Change @      

MHW +1.5 ft 
NAVD88

Average 
Volume 
Change 

Above +1.5 
ft NAVD88

Cumulative 
Volume 
Change 

Above +1.5 
ft NAVD88

Average 
Volume 
Change 
Above -5         

ft NAVD88

Cumulative 
Volume 
Change 
Above -5         

ft NAVD88

Average 
Volume 
Change 

Above -12    
ft NAVD88

Cumulative 
Volume 
Change 

Above -12    
ft NAVD88

Average 
Volume 
Change 

Above -20   
ft NAVD88

Cumulative 
Volume 
Change 

Above -20    
ft NAVD88

Average 
Volume 
Change 

Above -30    
ft NAVD88

Cumulative 
Volume 
Change 

Above -30    
ft NAVD88

ft ft cy/ft cy cy/ft cy cy/ft cy cy/ft cy cy/ft cy
Bogue Inlet-Ocean 
(Transects 1-11) 11,488 4.0 0.0 -402 -1.1 -12,440 -1.2 -13,991 -3.5 -39,801 -1.2 -13,858

Emerald Isle-West 
(Transects 12-25) 18,288 11.2 0.7 12,170 -1.3 -23,680 1.9 34,002 -3.9 -71,725 -4.7 -85,164

Emerald Isle-Central 
(Transects 26-36) 15,802 31.4 4.7 73,728 2.6 41,199 9.5 149,966 7.1 112,820 7.5 119,157

Emerald Isle-East 
(Transects 37-48) 13,220 15.4 1.1 14,602 -7.5 -98,752 -4.4 -58,494 -3.1 -41,530 -1.6 -21,001

Indian Beach-Salter Path 
(Transects 49-58) 12,850 13.6 3.4 43,353 -2.6 -33,007 -0.3 -3,330 3.1 39,366 6.5 84,147

Pine Knoll Shores 
(Transects 59-76) 23,878 20.2 3.0 72,603 2.1 50,027 5.5 132,365 4.9 117,105 10.4 248,654

Atlantic Beach                
(Transects 77-102) 26,176 25.5 4.4 114,602 2.8 72,619 3.6 92,927 -0.9 -22,832 -2.9 -75,078

Fort Macon State Park 
(Transects 103-112) 6,691 -1.9 3.5 23,341 1.8 12,242 -0.5 -3,655 -10.5 -69,983 -10.6 -70,709

Beaufort Inlet                   
(Transects 112B-116) 2,000 -54.4 -7.9 -15,872 -17.3 -34,589 -24.0 -47,961 -20.3 -40,508 -4.5 -8,992

Bogue Inlet-Channel 
(Transects 117-120)* 2,000 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Reach        
Length

Weighted    
Avg

Weighted 
Avg Total Weighted 

Avg Total Weighted 
Avg Total Weighted 

Avg Total Weighted 
Avg Total

FEMA Engineered Beach            
(Transects 1-76)

95,527 16.8 2.3 216,055 -0.8 -76,654 2.5 240,517 1.2 116,233 3.5 331,936

Oceanfront                    
(Transects 1-112) 128,393 17.6 2.8 353,998 0.1 8,207 2.6 329,790 0.2 23,418 1.4 186,149

*Note: Due to the dynamic nature of Bogue Inlet, shoreline and volume calculations were not performed

Reach                                            
(Transects)
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Plan (engineering portion of the EIS) was completed as part of this report.  Table 7-2 indicates 
that all management reaches currently contain average profile volumes above their individual 
nourishment triggers as well as the island wide average trigger of 233 cy/ft.  However, Emerald 
Isle – West and Pine Knoll Shores are closest to approaching their nourishment triggers and 
nourishment of these reaches is currently scheduled for winter 2019/2020 as part of the Post-
Florence Renourishment Project – Phase II.  Nourishment will cover all of Pine Knoll Shores and 
Transects 7 through 14 in Emerald Isle – West/Bogue Inlet which is the area most in need of 
nourishment. 

Table 7-2. Master Beach Nourishment Plan Nourishment Trigger Status 

 
 
As noted, there are inevitable margins of uncertainty associated with hydrographic survey data that 
may reduce the accuracy of volumetric change analyses.  Therefore, it is essential to thoroughly 
review the beach and bathymetric profiles using various analytical techniques and general 
engineering judgment to assure that results are not falsely interpreted.  The findings presented in 
this report have undergone quality control by two senior coastal engineers. 
  

Reach (Profiles)

Management 
Reach 
Length           

(ft)

Sept 2019 
Volume 

Above -12 
ft NAVD88 

(cy)

25 yr LoP 
Nourishment 

Trigger           
(cy)

Bogue Inlet (1-11) 11,488 303 235
Emerald Isle West (12-25) 18,288 275 266
Emerald Isle Central (26-36) 15,802 281 211
Emerald Isle East (37-48) 13,220 271 221
Indian Beach/Salter Path (49-58) 12,850 280 224
Pine Knoll Shores (59-76) 23,878 236 211
Atlantic Beach (77-102) 26,176 311 254

TOTAL 121,702
AVERAGE 279 233

weighted weighted
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1.0 Introduction 

1.1 Background  
Geodynamics was contracted by the Carteret County Shore Protection Office (CCSPO) to map 
designated cross-section profiles, onshore and offshore of Carteret County beaches in response 
to Hurricane Dorian.  These efforts are divided into two separate products; seamless topographic 
– bathymetric elevations collected along predefined monitoring profiles and a continuous Digital 
Elevation Model (DEM) for designated Hotspot areas on Bogue Banks.  This work utilizes 
hydrographic surveying techniques that meet or exceed the criteria outlined in the U.S. Army 
Corps of Engineers Hydrographic Surveying Manual, EM 1110-2-1003. 

1.2 Survey Area 
The survey covered approximately 22 NM of shoreline, including Bogue and Beaufort Inlets 
(Figure 1).  Bounding coordinates of the planned survey lines are as follows; northwestern corner, 
34°41’56.0” N, 077°10’28.4” W, and 34°36’33.4” N, 076°31’54.0” W for the southeast corner. The 
topo-bathy profile survey was conducted on and offshore Bogue Banks (122 profiles). Profile 
length varied from ~2000 ft – 5000 ft, with variations in the inlet areas.  The Hotspot DEMs were 
generated using data from a fully calibrated Mobile Laser Scanner (MLS) system, used to collect 
millions of XYZ points, gridded into a 3 ft DEM. 
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Figure 1.  Planning map overview of survey lines for the BBBNMP Hurricane Dorian 

storm monitoring survey.  

1.3 Survey Objectives 
As outlined in the official Scope of Work (SOW) (Appendix D), the specific goals of the surveys 
were to provide the following data products: 
 

• Topo-Bathy Profiles 

o ASCII/Excel Data Files  

 Profile Location 

 Profile Number 

 Record Number 

 Method 

 Date 

 Time (UTC) 

 Easting (X) 

 Northing (Y) 

 Elevation (Z_NAVD88) 
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o Point Shapefiles with attached FGDC compliant metadata 

• Arc-Grid DEM of Hotspots on Bogue Banks 

o DEM of Hotspots gridded using Mobile Laser Scanner on the shoreface 

• DEM Contours, MHW Contour, and Dune Base Line 

o ArcGIS compatible line shapefiles of DEM contours for the Bogue Banks Hotspot 

areas, and an MHW contour and Dune Base Line for all of Bogue Banks  

o FGDC compliant metadata 

• Project Deliverables 

o Survey Report 

 Written description of workflow to complete task order (start to finish) 

including flow chart diagram and detailed description of Quality Assurance 

/ Quality Control (QA/QC) process 

 Dates and times of each data collection activity 

 Atmospheric Conditions for each day of data collection activity 

 All Horizontal and Vertical Control used, including monument name, 

establishing agency, date established, description, and published 

horizontal and vertical values 

 TBM descriptions with vertical values 

 Copy of all field notes 

o Ancillary Documentation 

 Complete and detailed list of all survey equipment used, including copy of 

last factory calibration report 

 Metadata Records 

 Photographs of the site and any significant features or data collection 

techniques used 

1.4 Report Purpose 
The purpose of this document is to summarize the survey activities and report on the acquisition 
and processing methodology performed during the project.  This report also serves to provide 
illustrations and descriptions of deliverable items.  For any additional information regarding survey 
activities, contact Geodynamics (252) 247-5785.   
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1.5 Survey Logistics 
Survey activities were conducted between September 7, 2019 and September 13, 2019. Listed 
below is a generalized timeline of data acquisition (Table 1).  A detailed field summary of daily 
activities related to the survey is presented in Appendix A. 

 
Table 1.  Summary of Survey Activities 

 

Date 
Julian 
Day Activity 

9/7/19 250 

Base station was setup at the Institute for Marine Studies building in 
Morehead City, NC. Hydro crew collected surfzones from profile 116 in 
Beaufort Inlet west to profile 66.  

9/8/19 251 

Topo surfzones were collected from profile 116 in Beaufort Inlet west to profile 
60, and then mid-beach and dune sections were completed from profile 60 
east to 116, completing that section of the topo survey. Hydro collected 
offshores from profile 116 west to 71.  

9/9/19 252 

Base station was relocated to the East Regional Beach Access in Emerald 
Isle, NC. Topo mid-beach and dune sections were collected from profile 59 
west to profile 20.  

9/10/19 253 

Hydro offshores were collected from profile 3 east to profile 70, crosslines 
were completed, and then surfzones were collected from profile 65 west to 
Emerald Isle Point, including complete profiles in Bogue Inlet. Multiple topo 
crews worked to complete all remaining surfzone, mid-beach, and dune 
profiles.   

9/11/19 254 
A topo crew collected all necessary recoveries. Mobile laser scanning 
acquisition was completed for the Hotspot areas.  

9/13/19 256 

Mobile laser scanning acquisition of the dune-base and the mean high-water 
contour was completed for the remaining portions of Bogue Banks, outside of 
the designated Hotspot areas.  

1.6 Survey Conditions 
Figure 2 displays graphs of NOAA predicted and verified tides for Beaufort, NC (Station ID: 
8656483) as well as surface wind and air temperature throughout the survey. 
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09/07/2019 thru 09/13/2019: Bogue Banks Survey 

 
 
Figure 2.  Atmospheric and tidal records for survey days at NOAA NWS Station 8656483. 
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1.7 Survey Personnel 
All survey crewmembers were provided by Geodynamics.  These personnel contributed to the 
vessel mobilization, data collection, vessel demobilization efforts, processing, reporting, QA-QC 
and final certification (Table 2). 
 

Table 2.  List of Survey Personnel and Responsibilities 
 

Survey Participant Title Affiliation 
Dave Bernstein Project Manager / PLS Geodynamics 
Ben Sumners Lead Hydrographic Surveyor Geodynamics 

Aron Lembke Captain, Survey & Logistics 
Manager Geodynamics 

Brandon Barnette Captain, Hydrographic Surveyor Geodynamics 
Zach Gray Field Surveyor Geodynamics 

James Willey Field Surveyor Geodynamics 
Rohan Rao Field Surveyor Geodynamics 

Davis Batten Field Surveyor Geodynamics 
Nick Damm Processor Geodynamics 
Kurt Baker Lead Processor Geodynamics 

1.8 Navigation and Positioning 
Each data point obtained during the hydrographic and topographic survey activities have a 
geographic location associated with it to facilitate database entry and display of these data within 
a GIS framework. To more accurately position elevations, all elevations/soundings were collected 
with Real Time Kinematic (RTK) GNSS corrections to provide < +/-0.20 ft vertical and < +/-1.0 ft 
horizontal accuracy, as requested per SOW.  RTK-GNSS corrections were generated from a 
Global Navigation Satellite System (GNSS) enabled, Trimble Zephyr Model 2 with ground plane 
receiver and broadcasted via 5 dB gain UHF antenna from a base station installed by 
Geodynamics at two locations.  The base station locations were based on the area to be surveyed 
and extents of UHF transmission (Table 3, Figure 3).  HYPACK utilized an X/Y grid system based 
on the North American Datum of 1983 (NAD83), North Carolina State Plane Feet Zone 3200 (NC 
SPF), and reduced from the ellipsoid using Geoid 2012b.   
 

Table 3.  RTK-GNSS base station coordinates. 
 

Base station 
Name Latitude Longitude Ellipsoid Height 

(NAD83) 
Orthometric 

Height 
IMS BASE 34 43 25.39287 N 076 45 06.62217 W -19.230 m 18.233 m 

ERBA BASE 34 40 32.92648 N 076 57 24.30785 W -28.436 m 8.873 m 
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IMS Base 

  
ERBA Base 

 
Figure 3.  Photos showing the “IMS Base” and “ERBA Base” base stations from top to 

bottom. 
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A. TOPO-BATHY PROFILES 
 
2.0 Singlebeam Sonar Survey Methodology 

2.1 Equipment and Control 

2.1.1 Vessels 

2.1.1.1 R/V Echo 
The R/V Echo served as the primary survey platform for nearshore singlebeam data acquisition 
(Figure 4, Table 4).  The R/V Echo is specifically designed to be a vessel of opportunity for shallow 
water inshore and coastal ocean mapping.  The R/V Echo is equipped with a thru-hull transducer 
that is tightly coupled with inertial navigation system (INS) for positioning and elevation. On the 
fly sound speed sensors and customized computer systems allow seamless logging of 
bathymetric data.   

 

 
Figure 4: R/V Echo 
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Table 4: R/V Echo Vessel Specifications 
 

Dimensions:    21' x 9' x 1.2’ 
USCG:  Designated Research Vessel 
Flag:  U.S. 
Registry:  North Carolina 
Official Number:  NC 7341 DT 
Tonnage:  1  
Lab space:  1 open console operator station 
Max Speed:  30 knots 
Min. survey speed:  2.5 knots 
Propulsion:  1 x 140 HP Suzuki 4-Stroke Outboard Motor -2011 

Auxiliary Power:  24v DC battery bank and 12v DC parallel battery 
banks 

Fuel capacity:  60 gallons 
GPS:  Simrad 
Sounder: Lowrance StructureScan 
Compass:  n/a 
Radar:  n/a 
Autopilot:  n/a 
VHF:  Icom 25 watt 
Internet: Verizon 4G Jetpack 

 

2.1.1.2 Software Systems Inventory 
Software utilized throughout the project can be seen in Table 5. 
 

Table 5: Singlebeam Software Systems Inventory 
 

 Software Version 

D
at

a 
Ac

qu
is

iti
on

 HYPACK 2018 
Odom E-Chart 1.4.0 
POSView 8.21 
CastAway-CTD V1.5 

NTRIP Client 2013.11.24 

D
at

a 
   

 
Pr

oc
es

si
ng

   
 

HYPACK 2018 

POSPac 8.3 SP3 
ArcGIS 10.5 

MS Office 2018 
 
  



Carteret County Shore Protection Office Post Dorian Survey 
Carteret County, North Carolina 2019 
 

 10 

2.1.1.3 Hardware Systems Inventory 
Hardware utilized throughout the project can be seen in Table 6. 
 

Table 6: Singlebeam Hardware Systems Inventory 
 

  Hardware Equipment Manufacturer Model 

H
or

iz
on

ta
l &

 
Ve

rti
ca

l C
on

tro
l RTK Radio Modem Trimble TDL 450H 

RTK Radio Antenna Pacific Crest n/a 
GNSS Antenna Trimble Zephyr Model 2 
Cellular Internet Card Verizon 4G LTE JetPack 
POS MV Applanix  WaveMaster 

Ec
ho

 
So

un
di

ng
 

StructureScan (while in transit) Simrad 1.7.0 
ODOM CV100 ODOM CV100 
Operator Station CCS-INC FQC-04649 

At
tit

ud
e 

Po
si

tio
ni

ng
 Inertial Motion Unit (IMU) Applanix WaveMaster 

Position Compute System (PCS) Applanix WaveMaster 
Primary GNSS Antenna (port) Trimble Zephyr Model 2 
Secondary GNSS Antenna Trimble Zephyr Model 2 

So
un

d 
Sp

ee
d 

Sound Profile Velocimeter SonTek CastAway-CTD 

 

2.1.1.4 Sonar Equipment 
An Odom CV100 singlebeam sonar system was used to acquire singlebeam bathymetry data 
during the topo-bathy profile survey (Figure 5). The CV100 system operates at frequencies in the 
200 kHz band; ideal for shallow depths. The transducer forms a 4-degree conical beam. With an 
operational depth range from <30 cm to 600 m and a ping rate up to 20 Hz, the CV100 is ideal 
for shallow water surveys (Table 7). 
 

Table 7: CV100 specification 
 

Frequencies.     200 kHz / 33 kHz 
Maximum ping rate.    up to 20 Hz 
Heave compensation    Yes 
Depth resolution    1 cm 
Transducer  Airmar SMSW200-4a 
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Figure 5: Odom CV100 digital echosounder mounted on the R/V Echo. 

 

2.1.2 Vertical Control 
The vertical datum for the final survey data is the North American Vertical Datum of 1988 
(NAVD88).  The ellipsoid-based real-time vertical water level corrections were reduced to the 
NAVD88 by integrating a local Geoid 2012b model in the singlebeam data processing stage.   

2.1.3 Horizontal Control 
Horizontal positioning and vessel attitude for singlebeam data was provided by the POS MV 
system and was corrected using Inertial-Aided Real-Time Kinematic (IARTK) technology. This 
system provides roll and pitch accuracy to 0.01°, heading to 0.02° (with a 2 m antenna baseline), 
heave accuracy to 5 cm or 5% (whichever is greater). 

2.2 Singlebeam Data Acquisition 

2.2.1 Data Acquisition Software 
 
The HYPACK software suite was used during survey preparation to create survey line plans and 
evaluate the overall survey scheme.  The initial line plan was created in HYPACK using a line 
spacing designed to acquire survey data over pre-existing profiles developed by USACE.  
HYPACK was also used during the survey in order to record sounding and position data, log 
targets, and provide the captain with line tracking. 
 
The ODOM eChart software was used as a start-up interface to establish communications with 
the echosounder, check/verify essential echosounder settings and provide transmit and receive 
gain controls of the singlebeam echosounder. 
 
The POSView software by Applanix was used with the POS MV system. The software provides 
the interface to view, monitor, and record tightly coupled integration of the attitude measurements 
from the IMU and position and heading measurements recorded by the GNSS.  The recorded 
POSPac file which contained all attitude, positioning, heading, and error estimates provides a 
method to post-process attitude and navigation data in the event of RTK-GNSS cycle slips.   
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2.3 Singlebeam Data Processing 

2.3.1 Processing Workflow 
Figure 6 illustrates the workflow in singlebeam sonar data processing.   
 

 
Figure 6: HYPACK singlebeam data processing workflow. 

 

2.4 Corrections to Echo Soundings 

2.4.1.1 POS MV WM Correctors 
The Applanix POS MV unit was setup to receive phase-differential RTK position offsets from the 
RTK-GNSS base station. This configuration allowed the POS MV to integrate decimeter positional 
solutions with highly accurate vessel attitude positions obtained from the IMU. When the GAMS 
is online, positional solutions were being received from 5 or more satellite fixes with a Positional 
Dilution of Precision (PDOP) equal to or less than 3. When these conditions were not satisfied, 
the GAMS solution becomes dormant. The GAMS program continues to track satellites while in 
this state but does not process the phase-differential corrections real-time. 
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A verification of the GAMS system was conducted prior to the start of the project. The values in 
use for this survey were obtained from a GAMS calibration that followed the auto-start procedure 
laid out in the POS MV V5 Installation and Operation Guide.  The GAMS parameters in the setup 
menu were initially set to zero, except for the heading calibration threshold which was set to 
0.500°. The vessel then made aggressive figure-8 maneuvers until the GAMS solution came 
online and the values in the parameter setup menu were automatically updated.  This calibration 
remains valid until vessel offsets are changed.   
 
Due to inherent and common problems associated with RTK-GNSS, such as cycle slips, high 
DOP periods, and data gaps, the POSPac data is routinely post-processed in the Applanix 
POSPac software suite.  For this survey, however, RTK-GNSS quality was excellent during 
hydrographic data collection and adding the processed POSPac data to the final hydro data was 
deemed unnecessary. However, the POSPac data were processed to verify and provide quality 
assurance for real-time corrections. 

2.4.1.2 Dynamic Draft Correctors 
Dynamic draft is the summation of the static draft, settlement and squat corrections and is a 
required corrector for echo sounders.  Dynamic draft was accounted for in the echo soundings by 
using RTK-GNSS ellipsoid-based vertical corrections.  The combined correctors work to 
continuously factor out the static draft, settlement, and squat of the survey vessel. 

2.4.1.3 Sound Speed Correctors 
The SonTek CastAway-CTD was used during the survey in order to obtain accurate sound 
velocity profiles throughout the survey area (Figure 7). The unit acquires latitude and longitude 
internally before and after each profile. Conductivity, temperature, salinity, and sound speed are 
plotted versus depth on the unit, and it transmits data wirelessly for processing. Additionally, 
sound speed data can be exported into a HYPACK compatible format (.vel file).  

 

 
Figure 7: SonTek CastAway-CTD sound speed profiler. 

 
Sound speed profiles were taken at the start of each survey day, and again throughout the day 
as warranted by the survey area and water properties. Sound speed profiles were also acquired 
when the survey vessel moved to a different location in the survey area (Figure 8).  Each sound 
speed cast was assessed in processing to determine water properties in a specific zone of the 
survey area. 
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Figure 8:  Sound speed profile locations for singlebeam survey operations. 

 

2.4.1.4 Water Level Correctors 
RTK-GNSS based tidal measurements were continuously recorded throughout the survey by 
HYPACK Survey.  The GPS height determined by the POS MV was integrated into the raw 
singlebeam sonar data during data acquisition in real-time.  After importing the raw singlebeam 
data in HYPACK, the GPS tide was merged with the heave such to provide accurate tidal 
corrections and subtract vessel heave from the final elevations. 

2.5 Quality Control 

2.5.1 Singlebeam Data Acquisition and Monitoring 
At the start of each survey day, a series of pre-survey protocols were run to aid in quality control 
and to determine any possible errors/issues prior to surveying.  For hydro, the GAMS parameters 
and POS MV installation parameters located under the installation settings of the POS MV were 
all checked prior to enabling Ethernet logging of POSPac data.  
 
Data were collected at vessel speeds of approximately 3 - 10 kt. The HYPACK data acquisition 
software provides data waterfalls and coverage indicators, which allowed for real-time monitoring 
of the data quality and coverage.  Data displays in HYPACK Survey were used to monitor all 
survey parameters and the quality of data being recorded.  
 
Sound speed profiles were acquired routinely and when the survey vessel moved to a different 
location within the survey area.  Each successive sound speed cast was compared and assessed 
to determine the optimal casts per reach of profiles. 

2.5.2 Singlebeam Calibration Checks  
The R/V Echo has a built-in transducer in the rear of the starboard hull.  Geodetic and mechanical 
bar index checks have been performed to calibrate for a constant, electronic offset, inherent in all 
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singlebeam systems (Figure 9). Please refer to Appendix C: Singlebeam Echosounder Calibration 
Report for more details. 
 

 
Figure 9: Image illustrating the mechanical bar check of sonar index. 

 
A more recent technique to calibrate sonars for sound velocity is a digital bar check, or sound 
speed cast (Figure 8).  Similar in theory to performing a bar check, digital bar checks are a safer 
and more efficient alternative and are critical to sonar data acquisition in shallow, inter-tidal, 
coastal zones.  Therefore, in order to maintain the best data quality across vast areas in this 
dynamic coastal environment, the traditional mechanical bar check (Figure 9) is only used to verify 
the sonar system index since corrections are made to the transducer (not the waterline) and sound 
speed profiles correct the sounder for speed of sound in the water column. 
 
3.0 Topographic Data  

3.1 Backpack Method 

3.1.1 Equipment and Control 

3.1.1.1 Survey Equipment 
A Trimble R10 RTK-GNSS rover backpack system was used to acquire topographic profile data 
during the survey. The Trimble R10 RTK-GNSS receiver integrates GNSS observables with RTK 
network corrections to provide centimeter-level position and elevation.  The RTK-GNSS data is 
output from the R10 receiver at 10 Hz to the Panasonic Toughbook FZ-M1 data acquisition tablet 
PC (Table 8) (Figure 10). 
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Figure 10: ATV used for transportation. 
 

3.1.1.2 Hardware Systems Inventory  
 

Table 8: Backpack Topographic Hardware Systems Inventory 
 

Hardware Equipment Manufacturer Model 

Acquisition PC Panasonic Toughbook FZ-M1 
GNSS Receiver Trimble R10 
GNSS Antenna Trimble R10 

 

3.1.1.3 Vertical and Horizontal Control Equipment 
Horizontal and vertical positioning for topographic data was acquired by a Trimble R10 RTK-
GNSS system. The topographic rover received and integrated the differential corrections from the 
RTK-GNSS base station for centimeter-level positioning.   
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3.1.1.4 Software Systems Inventory 
Software utilized throughout the project can be seen in Table 9. 
 

Table 9: Backpack Topographic Software Systems Inventory 
 

  Software Version 
D

at
a 
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qu
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on
 

HYPACK 2018 

D
at

a 
Pr

oc
es

si
ng

 

HYPACK 2018 

ArcGIS 10.5 

MS Office 2018 
 

3.1.1.5 Data Acquisition Software 
The HYPACK software suite was used during survey preparation in order to create profile line 
plans.  The initial line plan was supplied by USACE.  HYPACK was also used during the survey 
to collect topographic data, as well as for in-field quality control and real-time quality assessment. 

3.1.1.6 Data Processing Software 
HYPACK was used to manipulate and process the topographic data.  The Singlebeam Editor in 
HYPACK was used to import, clean, and thin the data. 
 
ArcGIS is a complete Geographic Information Systems (GIS) software package. All survey area 
maps, coverage extents, and final chart products were created using ArcGIS.   
 

3.1.2 Backpack Topographic Data Processing 
Topographic data processing in HYPACK Singlebeam Editor follows the general procedure 
illustrated in Figure 11. 
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Figure 11: HYPACK topographic data processing workflow 
 

3.1.3 Quality Control 

3.1.3.1 Procedures 

3.1.3.2 Survey Planning 
All survey line planning was completed in HYPACK.  The landward extent of topographic data 
collection was set to provide coverage to the extents of prior USACE topographic data.  All profiles 
were generated from pre-defined start point, distances, and azimuths per USACE.     

3.1.3.3 Backpack Topographic Data Acquisition and Monitoring  
At the start of each survey day, a series of pre-survey protocols were run to aid in quality control 
and to determine any possible errors/issues prior to surveying. Each surveyor’s backpack antenna 
draft was checked and applied in the HYPACK survey software.  Data acquisition was performed 
by experienced surveyors, walking as upright and consistent as possible while following the 
planned survey line, as to mimic the topography.  The surveyor constantly monitored GPS status, 
off-line value, distance from baseline (DBL), previous data coverage, and overall morphology 
along the profile.   
 
To ensure ample topographic data overlap with the hydrographic data, the surveyor would plot 
the targets acquired during the surfzone hydrographic survey.  These targets indicated how far 
the surveyor needed to go down the profile and into the surfzone.  Upon completion of a survey 
day and throughout the day, data was thoroughly reviewed and compared with previous profile 
data for an in-field quality assurance check. 
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3.2 Mobile Laser Scanning Method 

3.2.1 Equipment and Control 

3.2.1.1 Survey Equipment  
MLS topographic data were collected using a RIEGL VZ-400-i 3D laser scanning system.  The 
MLS was mounted on a Polaris ATV approximately eight feet above the terrain (Figure 12).  This 
system was coupled with its own internal navigation and attitude system, the POS MV 
OceanMaster (OM), in which the IMU is placed directly below the laser scanner to minimize lever 
arms and potential sources of alignment errors.  The MLS and POS MV were integrated into 
QINSy, a comprehensive software suite utilized for survey planning, survey acquisition and 
alignment verification.  POSView was utilized to monitor real-time GNSS health as well as log all 
navigation / attitude data for post-processing.  The MLS was setup to scan the human eye field 
of view (from 70-130 degrees) at a scanning resolution of 0.180° at 80 kHz measurement rate 
and a high-speed scan rate.  Additionally, for most of the survey, the MLS was setup in radar 
mode, therefore, the laser rotates a full 360° during data collection. 
   

 
Figure 12: The Polaris ATV with a custom mount for mobile laser scanning (MLS) 

acquisition. 
 

3.2.1.2 Vertical Control 
The vertical datum for the final survey data is the North American Vertical Datum of 1988 
(NAVD88).  The ellipsoid-based real-time corrections were reduced to the NAVD88 by integrating 
a local Geoid 2012b model into QINSy.   
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3.2.1.3 Horizontal Control 
Horizontal positioning and vehicle attitude for MLS data were provided by the POS MV system 
and was corrected using IARTK technology. This system provides roll and pitch accuracy to 0.01°, 
heading to 0.02° (with a 2 m antenna baseline), heave accuracy to 5 cm or 5% (whichever is 
greater). 

3.2.1.4 Hardware Systems Inventory  
 

Table 10: MLS Hardware Systems Inventory 
 

Hardware Equipment Manufacturer Model 
Laser Scanner Riegl VZ-400i 3D 

Acquisition Laptop Dell Rugged Laptop 
Cellular Internet Verizon JetPack 4G 

Inertial Motion Unit (IMU) Applanix 65 
Position Compute System (PCS) Applanix OceanMaster 

Primary GNSS Antenna (aft) Trimble AT1675-540TS 
Secondary GNSS Antenna Trimble AT1675-540TS 

3.2.1.5 Software Systems Inventory 
 

Table 11: MLS Software Systems Inventory 
 

  Software Version 

D
at

a 
Ac

qu
is

iti
on

 

QINSy 8.18.3 

POSView 9.82 

D
at

a 
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ng

 Qimera 1.6.3, 64 Bit 

ArcGIS 10.5 

POSPac MMS 8.3 SP3 

Hypack 2018 
 QINSy (Data Validator) 8.18.3 

3.2.1.6 MLS Data Acquisition Software 
QINSy software suite was used to collect MLS data and provide real-time QC and QA of the MLS 
data. 
 
The POSView software by Applanix was used with the POSMV OM system. The software 
provides a tightly coupled integration of the attitude measurements recorded by the IMU and the 
position measurements recorded by the GNSS.  POSView allowed the survey technician to 
monitor the attitude and positioning accuracy throughout the survey.  POSView logged a POSPac 
file which contained all error estimates for attitude and positioning. 
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3.2.1.7 MLS Data Processing Software 
The POSPac MMS software by Applanix was used to post-process attitude and navigation data 
collected in POSView.  By post-processing the attitude and navigation data stored in the POSPac 
data file with a logged GNSS observable file from a nearby base station, common artifacts of 
RTK-GNSS can most often be eliminated and the overall accuracy of the attitude and navigation 
can be increased.  Therefore, POSPac data is routinely post-processed in the Applanix POSPac 
software suite. 
 
Qimera was used to integrate the post-processed GNSS solution, add additional motion 
corrections, export/import LAS files, and manipulate and process the laser scanner data in both 
2D and 3D.   
 
ArcGIS was utilized for all survey area maps, coverage extents, and final chart products.  
Additionally, ArcGIS was utilized for manipulating and filtering LAS files.    

3.2.2 Data Processing 

3.2.2.1 Laser Scanning Data Processing 
Db files collected in QINSy were imported into Qimera, the main MLS processing software.  In 
Qimera, the post-processed navigation and position data (SBET file) were incorporated and 
additional motion corrections were applied.  To derive these motion biases, a patch test was 
conducted prior to survey (laser was not dismounted during survey) and processed in “Data 
Validator”, a program within the QPS software suite.  Filters were then run on the data to remove 
noise and excess data (intensity filters, range filters, and a spline filter).  Once major noise and 
artifacts were removed, the files were exported into a LAS format.  Next, the LAS files were 
imported into ArcGIS and a combination of LAS tools and internal ArcGIS tools were utilized to 
bring the data to the ground (removing people on beach, structures, some vegetation, etc.).  The 
ground filtered data was then re-imported into Qimera, and a 3 ft dynamic surface was created.  
This surface was then manually cleaned, and the final surface was exported as an ASC grid.  This 
ASC grid was then utilized for DEM generation.  The initial DEM created from the ASC grid was 
utilized for dune base and MHW generation.  Next, this DEM is clipped to the Hotspot areas and 
seaward to ~0ft NAVD88 and landward to the top of the primary dune.   
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3.2.2.2 Processing Workflow 

 
Figure 13: MLS data processing workflow 

3.2.2.3 Corrections to Laser Data 

3.2.2.4 Sensor Offsets 
The vehicle offsets are measured with respect to the vehicle’s reference point, located at the top 
center of the IMU. Vehicle offsets are input to POSView ensuring accurate merging of the IMU 
data with the MLS data. 

3.2.2.5 POS/WM Correctors 
The Applanix POSMV OM unit was setup to receive phase differential RTK position offsets from 
the base station.  This configuration allowed the POS MV OM to integrate decimeter positional 
solutions with highly accurate vessel attitude positions obtained from the IMU.  When the GAMS 
is online, positional solutions are being received from 5 or more satellite fixes with a PDOP equal 
to or less than 3.  When these conditions are not satisfied, the GAMS solution becomes dormant 
and survey operations are halted.  The GAMS program continues to track satellites while in this 
state but does not process the phase-differential corrections real-time. 
  
Verification of the GAMS system calibration was conducted at the start of survey, following the 
auto-start procedure laid out in the POS MV V5 Installation and Operation Guide.  To calibrate 
the GAMS system, GAMS parameters in the setup menu are initially set to zero, except for the 
heading calibration threshold which was set to 0.500°. The platform then makes aggressive figure-
8 maneuvers until the GAMS solution came online and the values in the parameter setup menu 
were automatically updated. 
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3.2.2.6 Dynamic Draft Correctors 
Dynamic draft is the summation of the static draft, settlement and squat corrections and is a 
required corrector for the MLS data.  Dynamic draft was accounted for in the MLS data by using 
RTK-GNSS.  The ellipsoid-based vertical corrections received from the RTK-GNSS base station 
provided the survey vehicle with an accurate real-time elevation based on the vehicle’s position.  
The combined correctors work to factor out the static draft, settlement, and squat of the survey 
vehicle. 

3.2.3 Correctors Applied in Post-Processing 
Due to inherent and common problems associated with RTK-GNSS, such as cycle slips, high 
DOP periods, and data gaps, the POSPac data is routinely post-processed in the Applanix 
POSPac software suite.  For this survey, POSPac data was post-processed and utilized for MLS 
data to fix areas of slightly degraded GNSS quality 

3.2.4 Quality Control 

3.2.4.1 Procedures 

3.2.4.2 Survey Planning 
Pre-survey checks were conducted to ensure the laser was mounted properly.  Integrated 
systems were tested at Geodynamics facility prior to on-site mobilization. 

3.2.4.3 MLS Data Acquisition and Monitoring 
At the start of the survey day, a series of pre-survey protocols were run to aid in QC and to 
determine any possible errors/issues prior to surveying.  The POS MV OM installation parameters 
located under the installation settings of the POS MV OM were all checked prior to enabling 
Ethernet Logging of POSPac data.  
 
All laser data acquisition was completed using QINSy software.  Data acquisition was performed 
at speeds of approximately 5 knots along the main beach face, between the bottom of the first 
dune and the waterline. The QINSy data acquisition software produced on the fly gridding, which 
allowed for real-time monitoring of data coverage.  Data displays in QINSy software and POS MV 
OM were used to monitor all survey parameters and data quality. 
 
4.0 Topo-Bathy Profile Merging 
The production of seamless topo-bathy profiles follows the general procedure illustrated in (Figure 
14).  For this post-storm survey, no MLS data were included in the profiles, only backpack 
topographic and singlebeam data.  Overlap was assessed and cleaned for consistency where 
necessary.  Profile elevation data was generated in formats required by the SOW. Completed 
profiles for all Bogue Banks are shown in Figure 15. 
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Figure 14: HYPACK topo-bathy profile data processing workflow 
 
Rigorous QA-QC assessments are performed on the final topo-bathy profiles to ensure the 
accurate data products.  For topographic data, in the less variable dune areas, current data is 
overlaid with previous data and the horizontal and vertical alignment is evaluated.  For 
hydrographic data, in the furthest offshore sections, elevations are compared where significant 
change is unlikely. The following maps (Figure 15 and Figure 16) illustrate depths and extents of 
the topo-bathy profiles.  The merged topo-bathy profiles are examined one-by-one to review the 
overlap of topographic and hydrographic data to guarantee reliable surfzone data and overlap. 
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Figure 15: Topo-bathy profiles for Bogue Banks. 
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Figure 16: Typical topo-bathy overlap for BBNMP. 
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B.  HIGH-RESOLUTION DIGITAL ELEVATION MODELING PRODUCTS 

4.1 Hotspot DEMs 
A 3 ft DEM was developed using the mobile laser scanner data for three areas defined as 
Hotspots labeled West, Central, and East on Bogue Banks (Figure 17). These DEMs are bi-
annual (Spring & Fall/Post-Storm) products and are differenced to analyze change within these 
areas.  Landward and seaward extents may vary between years, depending on the overall shape 
of the beach, dune base, width of beach, and tidal level during the time of the survey, but these 
DEMs capture at least MHW to dune base each survey.  

4.2 MHW Contour and Dune Base Lines 
Although DEMs are only submitted for the Hotspot areas, a full DEM of Bogue Banks is created 
to derive the MHW contour and Dune Base Line. 
 
The MHW contour is created in ArcGIS using the “Contour” tool on the full Bogue Banks DEM.  A 
contour is made for the MHW value (1.5 ft).  This contour is then manually refined using ArcGIS. 
 
The Dune Base Line is more difficult to derive and therefore, utilizes numerous ArcGIS tools along 
with the addition of manual editing.  To derive the Dune Base Line, the following steps are 
conducted on the full Bogue Banks DEM in ArcGIS: 
 

• A slope DEM is created, using the “Slope” tool, which takes the first derivative of elevation.  
• A curvature DEM is created, using the “Curvature” tool, which takes the second derivative 

of elevation. 
• Next, the DEM, slope model, and curvature model are combined to make a composite 

raster (using the “Composite Bands” tool) 
• Then training areas are established (using the image classification toolbar) and sample 

areas are created by the user by selecting polygons representing a dune, dune base, and 
beach face area. 

• The sample areas and the composite model are then input into an “Interactive 
Classification”, which then classifies the complete raster of Bogue Banks into dune, dune 
base, and beach face portions.  

• This classified raster is then contoured for classification and the contours are then 
smoothed 

• Finally, the contour representing dune base is manually edited for problem areas and then 
exported as a shapefile. 
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Figure 17: DEM generated for the Hotspots on Bogue Banks.  
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C. QUALITY ASSURANCE 

4.3 Digital Elevation Model: Comparison to Previous Data 
DEMs have been developed in the past using a combination of topo-bathy profiles and ATV tie-
lines, developed with a range of kriging variogram parameters among multiple grids, and stitched 
together to create one complete DEM for each island.  For the 2018 – 2022 surveys, MLS data is 
now used for DEM generation, targeted at three main hotspots across Bogue Banks.  As the 
accuracy and parameters are drastically different than previous methods, a comparison to 
previous data will only be made between data collected using this new MLS method.  Therefore, 
for this survey, the DEM was compared to the most recent DEM of Bogue Banks, the Spring 2019 
DEM (Figure 18).   
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Figure 18: Map showing the change from Spring 2019 to Post Dorian 2019, calculated from differencing the DEMs.   
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4.4 Topo-bathy Profile and MLS Overlap Comparison 
A statistical comparison was made between the 3 ft MLS grid and topographic profile data 
acquired with an RTK-GNSS backpack (Figure 19).  To conduct the comparison, the final profile 
data was clipped to contain only backpack topographic data, therefore, removing all data collected 
with laser and hydro.  In ArcGIS, the final hotspot DEMs were then compared to this overlapping 
backpack topographic data using “Extract Values to Point” tool.  The statistics show the data are 
within 0.2 ft on average, and report a standard deviation of 0.11 ft, indicating good agreement 
considering the variability of beach slopes surveyed with this detail and the variable elevations of 
shoreface features. 
 

 
Figure 19: Statistical comparison of the overlap of the 3 ft MLS grid compared to 

backpack acquired profile data.  The statistics represent the comparison conducted in 
the central hotspot area.  

4.5 Cross-line Validation  
An additional means of validating hydrographic datasets is comparing two perpendicular datasets.  
This method resolves any potential dimensional control offsets in the vessel configuration that go 
unnoticed when collected in the same direction repeatedly.  Numerous cross-lines were collected 
for this survey.   Figure 20 represents a cross-line collected on 9/10/19 in the offshore portions of 
profiles 66-77.  The cross-line shows excellent agreement with the profile, validating the vessel 
configuration and software setup. 
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 Figure 20.  Top image displays a cross-line collected off Pine Knoll Shores for this 

survey.  The red data represents the final profile data while the blue data represents the 
hydro cross-line collected for QA.  The bottom graph displays the cross-line statistics 

generated in ArcGIS for this example. 
 
D. CONCLUDING REMARKS 
 
Survey data collected for this Post Dorian Bogue Banks Beach and Nearshore Mapping Program 
project meets and exceeds the requirements set forth in the project SOW, which includes utilizing 
survey techniques to meet/exceed the USACE Recommended Survey Elevation Accuracies 
Common to Various Shore Protection Projects (Table 11-1 EM 1110-2-1003 Nov 2013). 
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The topographic-bathymetric profiles along Bogue Banks showed excellent agreement to prior 
surveys. All attempts were made to meet topographic and hydrographic extents for the most 
recent survey in Spring 2019.  Any notable obstructions causing missing data (>10ft) or large 
offline distances (differing from previous years) are documented. Profile 112B has a gap of 
approximately 30’ at the transition from mid-beach to surfzone in the topographic data. This was 
the result of a recently exposed jetty creating an obstacle that could not be safely traversed by 
the surveyor.  
 
The application of MLS data to generate the MHW contour, extract the dune base, and create 
high-resolution Hotspot DEMs was successful and improved the overall product accuracy.  This 
dataset will provide a thorough means to assess Post Dorian erosion on Bogue Banks and provide 
a baseline for assessing shoreface erosion in the following years. 
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APPENDIX A: SURVEY ACTIVITY LOGS  

 

Chop:

Temp:

Daily Survey Field Notes

Hydro Crew: Brandon Barnette

Bogue Banks, NC

Time SOS (local):

2509/7/2019Date:

Ben Sumners

Topo Crew:

Day of Year:

Time EOS (local):

Survey Location:

Project: CCSPO Post Dorian

17:0012:00

Atmospheric Conditions Water Conditions

Sky:

Wind Speed:

0.5 - 1.0 ft

1-2 ft

Clear

5-10 KT

SSW

80-90 F

Swell:

Wind Direction:

Survey Activities

Hydro

Temp:

Topo

Control
Base station was positioned on IMS without broadcasting in anticipation of topo survey the following day. 
Static data was logged for use by the hydro crew if needed.

70-80 F

No topographic survey operations on this day. 

Left ramp around 12:00 pm.  Headed to profile 109 to collect an offshore section and verify data quality by 
overlay of previous years data.  Proceeded to collect surfzones for the afternoon with the remaining high-

fetched, high tide, starting at 109 and working west to 66.  Transited back to 110 for slack tide and collected 
remaining inlet lines to 116.  
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Wind Speed: 5-12 KT Chop: 1-2 ft

Kurt Baker

Survey Location: Bogue Banks, NC

Hydro Crew: Brandon Barnette Ben Sumners

Hydro

Survey Activities
Control

Base station on IMS was started and a satisfactory verification check was made on "Betty". Please refer to 
the detailed survey control for more information.

Topo

Atmospheric Conditions Water Conditions

Wind Direction: SSW Temp: 70-80 F

Topo crew commenced survey with surfzone profiles at the eastern most extent (line 116) of Bogue Banks. 
Using the provided hydro survey extents collected the previous day, the topo crew was able to fully collect 
surfzones from lines 116 - 66. The topo crew then completed surfzones from 65-60. After a field review of 
the collected profiles, the topo crew began to work back to the east, collecting the dune base and mid-
beach portions of the profiles, ensuring overlap with the recently collected surfzones. Dune base and mid-
beach topo profiles were collected from 60-116, creating complete topo coverage for this section of Bogue 
Banks. Data was reviewed for consistency and completeness. 

Daily Survey Field Notes

Date: 9/8/2019 Day of Year: 251

Time SOS (local): 10:00 Time EOS (local): 16:30

Project: CCSPO Post Dorian

Left dock at 10:15 am after fueling up.  Began collecting offshore from 116 down to 71.  An attempt at 
surfzones was made but computer issues and short period chop prevented further collection.  Reviewed 
data and transited back to dock around 4:00 pm.

Topo Crew:

Temp: 80-90 F

Sky: Clear Swell: 0.5 - 1.0 ft
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Daily Survey Field Notes

Date: 9/9/2019 Day of Year: 252

Survey Location: Bogue Banks, NC

Hydro Crew:

Time SOS (local): 8:00 Time EOS (local): 16:00

Project: CCSPO Post Dorian

Atmospheric Conditions Water Conditions

Sky: Partly Cloudy Swell: 1-2 ft

Topo Crew: Kurt Baker Brandon Barnette

Temp: 80-90 F

Survey Activities
Control

The base-station on IMS was broken down and re-located to ERBA for topo continuation along the eastern 
portion of Bogue Banks. The benchmark "Mechele" was checked for verification and results were 
satisfactory. Please refer to the detailed survey control for more information. 

Wind Speed: 10-15 KT Chop: 1-2 ft

Wind Direction: SW Temp: 70-80 F

Topo
Topo crew headed from ERBA to the east and began collecting dune base and mid-beach profiles from line 
59 to the west. Line 60 was also collected as a QC measure from previous efforts. The topo crew collected 
profiles westward to line 20 before incoming thunderstorms brought the survey day to a close. The crew 
transited back to ERBA and concluded survey operations for the day. 

Hydro
No hydrographic survey operations on this day. 
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Date: 9/10/2019 Day of Year: 253

Time SOS (local): 9:15 Time EOS (local): 19:00

Daily Survey Field Notes

Project: CCSPO Post Dorian

Survey Location: Bogue Banks, NC

Hydro Crew: Brandon Barnette James Willey

Atmospheric Conditions Water Conditions

Sky: Clear Swell: 2-3 ft

Topo Crew: Rohan Rao Davis Batten Kurt Baker

Temp: 80-90 F

Survey Activities
Control

Checked GEODY mark with NCGS VRS network with good results. Checked "Loon" using base station at ERBA 
with good results. See "Survey Control" for more information. A repeater was set up at the Pointe of 
Emerald Isle for full Bogue Banks coverage from the base station at ERBA. 

Wind Speed: 5-10 KT Chop: 0 - 0.5 ft

Wind Direction: NE Temp: 70-80 F

Topo
After setting up the repeater Rohan began working surfzones at the Pointe of Emerald Isle and working to 
the east. He collected the complete profile for 120 and continued with surfzone only profiles through line 
19 where he met with Kurt and Davis. After dropping Rohan at the Pointe, Kurt and Davis drove the truck to 
ERBA and then proceeded to transit via ATV to line 59 where they began surfzones to the west. Kurt 
completed lines 59-50, and then Davis took over. Surfzone profiles were collected until they met with 
Rohan at line 19. All surfzone data was reviewed, and the exported .XYZ files were sent to the hydro crew 
for coverage extents. Kurt and Davis then transited back to the Pointe of Emerald Isle on the ATV to collect 
dune base and mid beach profiles to the east. Rohan began collected topo profiles from 19 to the west. 
Kurt and Davis completed profiles from the west to line 5, where they transited to profile 12 to meet 
Rohan. Kurt took the Yamaha back to ERBA and Rohan and Davis worked from line 12 back to the west to 
line 5 for completion. 

Hydro
Left Swansboro boat ramp at 9:15 and headed to Profile 3 to collect an offshore section and verify data 
quality using an overlay of previously acquired and processed data.  Proceeded to collect offshore sections 
from profile 4 east to 70.  Once the offshore sections were completed a data review was performed.  While 
waiting on the tide to fill in the Hydro crew ran a crossline from profile 72 west to 62.  At 3:30 pm Hydro 
crew started surfzones at profile 65 working west to 3.  Profiles 2 west thru 120 were collected as a single 
file on each profile. A final field data review was conducted, and the vessel transited back to dock at 5:30.
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Atmospheric Conditions Water Conditions

Project:

Survey Location:

Daily Survey Field Notes

Date: 9/11/2019 Day of Year:

Time SOS (local): 8:00 Time EOS (local): 16:00

CCSPO Post Dorian

Bogue Banks, NC

Rohan Rao Zach Gray

Hydro Crew:

Topo Crew:

Temp: 70-80 F

Survey Activities
Control

Marinestar GNSS+ and NCGS VRS Network. 

Sky:

Zach collected the MHW line with the laser in the hotspot area first working east to west. Once the MHW 
line was completed Zach collected the dune base with the laser working west to east and completed the 
laser scan in the hotspot area. Rohan completed all recoveries identified in the initial review of the profile 
data. 

Hydro

Temp: 70-80 F

Swell:

Wind Speed: 5-10 KT Chop: 0 - 0.5 ft

Topo

Clear 0.5 - 1.0 ft

Wind Direction: NNE

Complete. 
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Daily Survey Field Notes

Date: 9/13/2019 Day of Year: 256

Time SOS (local): 8:00 Time EOS (local): 17:00

Project: CCSPO Post Dorian

Survey Location: Bogue Banks, NC

Hydro Crew:

Topo Crew: Zach Gray

Atmospheric Conditions Water Conditions

Sky: Clear Swell: 0.5 - 1.0 ft

Survey Activities
Control

Marinestar GNSS+

Topo
Zach parked the truck at ERBA and drove the ATV west along the beach until he reached the hotspot extent 
from the previous day. He began collecting the dunebase with the laser. Dunebase data was collected from 
the western edge of the hotspot area all the way to EI Point. The dunebase extents from the Post-Florence 
Survey were unable to be met in some areas on the point due to dune growth/debris in the way. Then the 

MHW line was collected on the way back. Once the western area of Bogue Banks was completed, Zach 
transited to the AB circle via the truck. Data collection began east of the hotspot with data overlap from 

the previous day of survey. The MHW line was collected first, ending at the Coast Guard station. The 
dunebase was then collected to completing laser acquisition for the Bogue Banks Survey.

Hydro
Complete. 

Wind Speed: 0-5 KT Chop: 0 - 0.5 ft

Wind Direction: NE Temp: 70-80 F

Temp: 70-80 F
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APPENDIX B: HYDROGRAPHIC SURVEY CONRTOL CALIBRATION 

 

Units Repeater Use:

TDL 450

Vertical: NAVD88 2012a

Designation: ERBA BASE

PID: N/A

H Order: N/A

 V order: N/A

Geoid: 2012a

Easting (X): 796830.552
Northing (Y): 104628.609

Z: 8.873

Longitude: 76 57 24.30785
Latitude: 34 40 32.92648

Elevation (m): -28.436

Designation: IMS BASE

PID: N/A

H Order: N/A

 V order: N/A

Geoid: 2012a

Easting (X): 815483.954
Northing (Y): 110347.272

Z: 18.233

Longitude: 76 45 06.62217
Latitude: 34 43 25.39287

Elevation (m): -19.23

Designation:  NC CORS VRS Network
PID: N/A

H Order: N/A

 V order: N/A

Geoid: 2012b

Easting (X): N/A
Northing (Y): N/A

Z: N/A

Longitude: N/A
Latitude: N/A

Elevation (m): N/A

Base Station Information

N/A
State Plane Coordinates

WGS-84 Coordinates

Note: The NC CORS RTK-VRS network was used throughout the survey. Corrections were 
broadcast through the internet. The basestations were part the network, which utilizes 
multi-station corrections. 

Notes: Fully GNSS enabled Base Station installed and monitored by Geodynamics. Used 
for the eastern extents of Bogue Banks. 

SPMNAD83 NC State Plane

GPS Antenna

Coordinate 
System/Units:

Radio Radio Broadcasting

Geoid:

Base Station Information

WGS-84 Coordinates

Base Station Information

State Plane Coordinates

Notes: This project was conducted over a period of 1 week. Due to the extent of the survey area, multiple Base Stations and a repeater were used. 
Base Station "IMS_BASE" was used for eastern section of Bogue Banks. For the central and western portion of Bogue Banks, Base Station 
"ERBA_BASE" was utilized. The western most portion of Bogue Banks required the use of a repeater on the Black Skimmer Road beach access. All 
topographic collection utilizes the semi-permanent base stations listed below, and hydrographic collection was completed utilizing the NC CORS RTK-
VRS network. 

Zephyr II Geodetic (55971)Base Station Equipment: TDL 450 5 dB UHF AntennaTrimble R7

State Plane Coordinates

WGS-84 Coordinates

Survey Control

Davis Batten Kurt Baker

Survey Crew: Ben Sumners James Willey Rohan Rao

Bogue Banks, Carteret County, North Carolina

Brandon Barnette

Zach Gray

Survey Location:

Project: Bogue Banks Beach & Nearshore Mapping Program- Post Florence Survey

Project Timeframe: 9/19/2018-9/26/2018

Notes: Semi-permanent fully GNSS enabled Base Station installed and monitored by 
Geodynamics. Used for the middle and western portions of Bogue Banks. 

Receiver
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Designation: Chapel

PID: AC7471

H Order: N/A

 V order: N/A

Geoid: 2012a

Easting (X): 792391.696
Northing (Y): 103908.703

Z: 6.967

Designation: Loon

PID: AC7493

H Order: N/A

 V order: Second, Class II

Geoid: 2012a

Easting (X): 788335.750
Northing (Y): 102904.505

Z: 3.928

Designation: Mechelle

PID: AC7469

H Order: N/A

 V order: Second, Class II

Geoid: 2012a

Easting (X): 798733.751
Northing (Y): 105153.439

Z: 5.343

Designation: Betty

PID: DK7224

H Order: N/A

 V order: N/A

Geoid: 2012a

Easting (X): 815363.576
Northing (Y): 110403.810

Z: 6.190

Designation: Geodynamics

PID:

H Order: N/A

 V order: N/A

Geoid: 2012a

Easting (X): 810156.520
Northing (Y): 112888.161

Z: 5.016

Notes: Geodynamics installed benchmark located at Geodynamics office in Newport, NC. Benchmark used for checking in on IMS 
Base as well as NC CORS VRS network.

Notes: NGS benchmark located in Emerald Isle near the Emerald Plantation shopping center sign. Benchmark was used for 
checking in on the ERBA BASE. 

Benchmark Station Reference

State Plane Coordinates

Notes: NGS Benchmark located in Salter Path at the northeast intersection of HWY 58 and 15th street. Benchmark was used for 
checking in on ERBA BASE.

Benchmark Station Reference

State Plane Coordinates

Benchmark Station Reference

State Plane Coordinates

Notes: NGS Benchmark located near on the sidewalk across from the Division of Marine Fisheries in Morehead City. Benchmark 
used for checking in on base station IMS BASE as well as NC CORS VRS Network.

Benchmark Station Reference

State Plane Coordinates

Notes: NGS Benchmark located in Emerald Isle along Emerald Dr, at the Emeral Isle Chapel by the Sea. Mark was used for checking 
ERBA BASE.

The following tables display coordinate and site information on any benchmarks checked for this project

Benchmark Station Reference

State Plane Coordinates
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Date Time Weather N E ΔE ∆Ζ
9/8/2019 6:06:54 Partly Cloudy 110403.832 815363.539 0.037 -0.030

9/9/2019 12:11:34 Partly Cloudy 105153.439 798733.735 0.016 -0.021

9/9/2019 12:12:23 Overcast 105153.442 798733.736 0.015 0.001

9/10/2019 9:58:24 Overcast 102904.492 788335.714 0.036 -0.024

9/10/2019 10:10:48 Overcast 102904.498 788335.728 0.022 0.011

9/10/2019 16:12:54 Overcast 112888.141 810156.548 -0.028 -0.004

9/11/2019 15:19:44 Overcast 103908.688 792391.674 0.022 -0.007

9/11/2019 15:20:16 Overcast 103908.688 792391.676 0.020 -0.009

GPS consistency (measured in meters)
Average Easting (X) error 0.018 STD Easting (X) 0.020

Average Northing (Y) error 0.006 STD Northing (Y) 0.014

Average Elevation (Z) error -0.010 STD Elevation (Z) 0.014

6.220Betty -0.022

Base Station Used: IMS

3.952 0.013

Mechelle

Base Station Used: TRIPLE

Mechelle 5.364 0.000

Chapel

Base Station Used: ERBA

Base Station Used: ERBA

Base Station Used: ERBA

Base Station Used: ERBA

5.342

Chapel 6.976 0.015

3.917 0.007

Base Station Used: ERBA

Geodynamics 5.020 0.020

Base Station Used: NCGS CORS RTK-VRS Network

Loon

6.974 0.015

ΔNBenchmark
Benchmark Report

Loon

-0.003

Z



Carteret County Shore Protection Office Post Dorian Survey 
Carteret County, North Carolina 2019 
 

43 

APPENDIX C: SINGLEBEAM ECHOSOUNDER CALIBRATION REPORT 
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Sound Velocity X-change Sensor Calibration Report 
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1) CCSPO Preliminary 
Assessment 

  



 

Shore Protection Office  P.O. Box 4297  Emerald Isle, North Carolina 28594 
www . protect the beach . com 

 
 
 

 
Hurricane Dorian - Preliminary Assessment 

for Bogue Banks Oceanfront (9/6/19) 
 

Summary Points: 
(1) No significant dune erosion along the entire ~25 mile long Bogue Banks oceanfront.  Most 

sand fencing and posts at the base of the dune were not damaged as well.  
   

Before and after photo SLIDESHOW – CLICK HERE 
 

(2) The Post-Florence Beach Nourishment Project (Phase I) was completed just over 4 months 
ago, which included a dune feature and placed 945,446 cubic yards of sand along eastern 
Emerald Isle and Indian Beach/Salter Path (5.2 miles).  Additionally, +350,000 sea oats were 
planted along the dune crest (flat top of dune) and the dune slope – there was very little 
damage to the dune plants from Dorian.  

 
(3) Sand may have been deposited at the intersection of the dune and berm; giving a visual 

appearance that the beach gained sand.  We will conduct a survey measuring the entire 
beach profile (subaerial and underwater) to ascertain changes in beach shape and volume.     
 

(4) Dorian had a similar track, forward motion, and intensity as hurricane Matthew (2016) 
traveling in the west to east direction across Onslow Bay.  And accordingly had a similar 
impact along the beaches.   
  

Offshore Waves, Storm Tide – The nearest wave buoy is located roughly 40 miles due south of 
Beaufort Inlet (LEJ3) and recorded a wave height of 23 feet on early Friday morning (9/6/19) as 
Dorian swept south of Bogue Banks (image below).  The maximum wave height for the last 

Shore Protection Manager 

 

Greg L. Rudolph 

Tel: (252) 222.5835 

Fax: (252) 222.5826 

grudolph@carteretcountync.gov 

 

 

http://www.protectthebeach.com/
http://www.carteretcountync.gov/ArchiveCenter/ViewFile/Item/1322
http://www.carteretcountync.gov/788/Florence-Replenishment-Project-2019
http://www.cormp.org/?quality=Off&units=English&duration=1%20week&maps=storm_tracks&legend=Off&forecast=Point&hti=&sst=&datum=MLLW&region=&bbox=-78.40393066406251,33.5093393678006,-75.49255371093751,34.93097858831627&iframe=null&platform=LEJ3WAVE
mailto:rudi@co.carteret.nc.us
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www . protect the beach . com 

hurricane significantly impacting Bogue Banks was 28 feet (Florence 2018).  Florence’s duration in 
Onslow Bay was much longer and the approach was from a different angle.    
 

 
 
   Storm surge is the wall of water being pushed by a hurricane in the northeast quadrant, 
while storm tide includes the additive or subtractive impacts of the tide.  The magnitude of storm 
surge is predicated on numerous factors such as; storm intensity, forward speed, angle of 
approach, and slope of the continental shelf.  The storm surge plus wave action drives peak 
erosion during hurricanes - at the present it is unclear what the actual storm surge and/or storm 
tide was for Bogue Banks.  During large, short-term storm events; the U.S. Geologic Survey collects 
additional data (such as high-water marks and additional sensor deployments) to help document 
high-water events.  The high water levels along the oceanfront and soundfront will be 
measured/surveyed and made available via https://stn.wim.usgs.gov/FEV/#2019HurricaneDorian.  
The high water mark measured along the oceanfront will represent the storm tide.  The storm tide 
for Florence in 2018 along Bogue Banks was generally +9.5 feet NAVD 88, and it is reasonable to 
assume the storm tide for Dorian was a few feet less. 
 

Surveying – Later this week, Geodynamics, LLC will mobilize and begin surveying 122 transects 
along Bogue Banks (spaced roughly 1,000 feet apart), which is part of one of the most 
comprehensive, annually surveyed beach monitoring networks in the U.S.  The last survey was 
conducted in the Spring of 2019 prior to the hurricane season and will serve as our pre-storm 
survey.  In addition to gaining a better understanding of how much sand was lost/eroded or gained 
during Dorian, we will be able to place this event in a greater long term context and utilize these 
data for the Phase II Post-Florence Beach Nourishment Project planned for this upcoming winter 
along the shorelines of west Atlantic Beach, Pine Knoll Shores, the State-area of Salter Path and a 
portion of western Emerald Isle including the Town’s western regional access.       
  

 The Shore Protection Office has also contracted a licensed FAA drone operator to take 
video of the entire oceanfront of Bogue Banks and we will be conducting the drone flight this 
weekend.  For the most part, the video will be taken from a perspective of ~45 feet above land and 
will be available soon at the Shore Protection Office’s YouTube Channel.  
 

Photos 
All Pre Storm Photos 
All Post Storm Photos 

SIDE BY SIDE Before and After Slideshow 

http://www.protectthebeach.com/
https://www.nhc.noaa.gov/surge/
https://stn.wim.usgs.gov/FEV/#2019HurricaneDorian
http://www.carteretcountync.gov/329/Monitoring
https://www.youtube.com/channel/UCsUNBJr2CbImfH4H5OctbTw
http://www.carteretcountync.gov/gallery.aspx?AID=63
http://www.carteretcountync.gov/gallery.aspx?AID=63
http://www.carteretcountync.gov/gallery.aspx?AID=64
http://www.carteretcountync.gov/gallery.aspx?AID=64
http://www.carteretcountync.gov/ArchiveCenter/ViewFile/Item/1322
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1) MHW Shoreline Comparison 
  



 
Figure C-1. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 



 
Figure C-2. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 



 
Figure C-3. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 



 
Figure C-4. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 



 
Figure C-5. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 



 
Figure C-6. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 



 
Figure C-7. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 



 
Figure C-8. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 



 
Figure C-9. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 



 
Figure C-10. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 



  
Figure C-11. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 



 
Figure C-12. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 



 
Figure C-13. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 



 
Figure C-14. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 



 
Figure C-15. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 



 
Figure C-16. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 



 
Figure C-17. Bogue Banks May 2019 and Post Dorian MHW Shoreline Positions and Dune Base Positions 
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Figure C-18. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-19. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-20. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-21. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-22. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-23. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-24. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-25. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-26. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-27. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-28. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-29. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-30. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-31. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-32. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-33. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-34. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 



 
Figure C-35. Bogue Banks May 2019, Post Dorian, and Elevation Change Hotspot Laser Scanner DEMs 
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Figure D-1. Bogue Banks Profile Comparison Plot
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Figure D-2. Bogue Banks Profile Comparison Plot
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Figure D-3. Bogue Banks Profile Comparison Plot
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Figure D-4. Bogue Banks Profile Comparison Plot
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Figure D-5. Bogue Banks Profile Comparison Plot
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Figure D-6. Bogue Banks Profile Comparison Plot
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Figure D-7. Bogue Banks Profile Comparison Plot
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Figure D-8. Bogue Banks Profile Comparison Plot
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Figure D-9. Bogue Banks Profile Comparison Plot
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Figure D-10. Bogue Banks Profile Comparison Plot
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Figure D-11. Bogue Banks Profile Comparison Plot
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Figure D-12. Bogue Banks Profile Comparison Plot
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Figure D-13. Bogue Banks Profile Comparison Plot
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Figure D-14. Bogue Banks Profile Comparison Plot
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Figure D-15. Bogue Banks Profile Comparison Plot
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Figure D-16. Bogue Banks Profile Comparison Plot
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Figure D-17. Bogue Banks Profile Comparison Plot
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Figure D-18. Bogue Banks Profile Comparison Plot
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Figure D-19. Bogue Banks Profile Comparison Plot
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Figure D-20. Bogue Banks Profile Comparison Plot
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Figure D-21. Bogue Banks Profile Comparison Plot
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Figure D-22. Bogue Banks Profile Comparison Plot
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Figure D-23. Bogue Banks Profile Comparison Plot
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Figure D-24. Bogue Banks Profile Comparison Plot
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Figure D-33. Bogue Banks Profile Comparison Plot



-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

2

4

6

8

10

12

14

16

18

20

-100 0 100 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 1,400

El
ev

at
io

n 
(ft

 N
AV

D8
8)

Distance Offshore (ft)

Bogue Banks Transect 17

May 2019 Post-Dorian (September 2019)

Figure D-34. Bogue Banks Profile Comparison Plot



-40

-30

-20

-10

0

10

20

30

-500 0 500 1,000 1,500 2,000 2,500 3,000 3,500

El
ev

at
io

n 
(ft

 N
AV

D8
8)

Distance Offshore (ft)

Bogue Banks Transect 18

May 2019 Post-Dorian (September 2019)
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Figure D-42. Bogue Banks Profile Comparison Plot



-40

-30

-20

-10

0

10

20

30

-500 0 500 1,000 1,500 2,000 2,500 3,000 3,500

El
ev

at
io

n 
(ft

 N
AV

D8
8)

Distance Offshore (ft)

Bogue Banks Transect 22

May 2019 Post-Dorian (September 2019)
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Figure D-65. Bogue Banks Profile Comparison Plot



-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

2

4

6

8

10

12

14

16

18

20

22

-100 0 100 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 1,400 1,500

El
ev

at
io

n 
(ft

 N
AV

D8
8)

Distance Offshore (ft)

Bogue Banks Transect 33

May 2019 Post-Dorian (September 2019)

Figure D-66. Bogue Banks Profile Comparison Plot



-40

-30

-20

-10

0

10

20

30

-500 0 500 1,000 1,500 2,000 2,500 3,000 3,500

El
ev

at
io

n 
(ft

 N
AV

D8
8)

Distance Offshore (ft)

Bogue Banks Transect 34

May 2019 Post-Dorian (September 2019)

Figure D-67. Bogue Banks Profile Comparison Plot



-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

2

4

6

8

10

12

14

16

18

20

-200 -100 0 100 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 1,400 1,500

El
ev

at
io

n 
(ft

 N
AV

D8
8)

Distance Offshore (ft)

Bogue Banks Transect 34

AD Survey May 2019 Post-Dorian (September 2019)
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Figure D-77. Bogue Banks Profile Comparison Plot
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Figure D-78. Bogue Banks Profile Comparison Plot
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Figure D-79. Bogue Banks Profile Comparison Plot
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Figure D-80. Bogue Banks Profile Comparison Plot
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Figure D-81. Bogue Banks Profile Comparison Plot
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Figure D-82. Bogue Banks Profile Comparison Plot
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Figure D-83. Bogue Banks Profile Comparison Plot
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Figure D-84. Bogue Banks Profile Comparison Plot
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Figure D-85. Bogue Banks Profile Comparison Plot
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Figure D-86. Bogue Banks Profile Comparison Plot
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Figure D-87. Bogue Banks Profile Comparison Plot
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Figure D-88. Bogue Banks Profile Comparison Plot
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Figure D-89. Bogue Banks Profile Comparison Plot
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Figure D-90. Bogue Banks Profile Comparison Plot
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Figure D-91. Bogue Banks Profile Comparison Plot
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Figure D-92. Bogue Banks Profile Comparison Plot
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Figure D-93. Bogue Banks Profile Comparison Plot
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Figure D-94. Bogue Banks Profile Comparison Plot
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Figure D-95. Bogue Banks Profile Comparison Plot
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Figure D-96. Bogue Banks Profile Comparison Plot
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Figure D-97. Bogue Banks Profile Comparison Plot
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Figure D-98. Bogue Banks Profile Comparison Plot
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Figure D-99. Bogue Banks Profile Comparison Plot
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Figure D-100. Bogue Banks Profile Comparison Plot
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Figure D-101. Bogue Banks Profile Comparison Plot
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Figure D-102. Bogue Banks Profile Comparison Plot
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Figure D-103. Bogue Banks Profile Comparison Plot
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Figure D-104. Bogue Banks Profile Comparison Plot
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Figure D-105. Bogue Banks Profile Comparison Plot
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Figure D-106. Bogue Banks Profile Comparison Plot
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Figure D-107. Bogue Banks Profile Comparison Plot
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Figure D-108. Bogue Banks Profile Comparison Plot
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Figure D-109. Bogue Banks Profile Comparison Plot
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Figure D-110. Bogue Banks Profile Comparison Plot
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Figure D-111. Bogue Banks Profile Comparison Plot
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Figure D-112. Bogue Banks Profile Comparison Plot
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Figure D-113. Bogue Banks Profile Comparison Plot
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Figure D-114. Bogue Banks Profile Comparison Plot



-40

-30

-20

-10

0

10

20

30

-500 0 500 1,000 1,500 2,000 2,500 3,000 3,500

El
ev

at
io

n 
(ft

 N
AV

D8
8)

Distance Offshore (ft)

Bogue Banks Transect 58

May 2019 Post-Dorian (September 2019)

Figure D-115. Bogue Banks Profile Comparison Plot
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Figure D-116. Bogue Banks Profile Comparison Plot
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Figure D-117. Bogue Banks Profile Comparison Plot
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Figure D-118. Bogue Banks Profile Comparison Plot
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Figure D-119. Bogue Banks Profile Comparison Plot
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Figure D-120. Bogue Banks Profile Comparison Plot
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Figure D-121. Bogue Banks Profile Comparison Plot
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Figure D-122. Bogue Banks Profile Comparison Plot
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Figure D-123. Bogue Banks Profile Comparison Plot
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Figure D-124. Bogue Banks Profile Comparison Plot



-40

-30

-20

-10

0

10

20

30

-500 0 500 1,000 1,500 2,000 2,500 3,000 3,500

El
ev

at
io

n 
(ft

 N
AV

D8
8)

Distance Offshore (ft)

Bogue Banks Transect 63

May 2019 Post-Dorian (September 2019)

Figure D-125. Bogue Banks Profile Comparison Plot
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Figure D-126. Bogue Banks Profile Comparison Plot
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Figure D-127. Bogue Banks Profile Comparison Plot
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Figure D-128. Bogue Banks Profile Comparison Plot
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Figure D-129. Bogue Banks Profile Comparison Plot
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Figure D-130. Bogue Banks Profile Comparison Plot
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Figure D-131. Bogue Banks Profile Comparison Plot
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Figure D-132. Bogue Banks Profile Comparison Plot
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Figure D-133. Bogue Banks Profile Comparison Plot
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Figure D-134. Bogue Banks Profile Comparison Plot
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Figure D-135. Bogue Banks Profile Comparison Plot
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Figure D-136. Bogue Banks Profile Comparison Plot
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Figure D-137. Bogue Banks Profile Comparison Plot
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Figure D-138. Bogue Banks Profile Comparison Plot
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Figure D-139. Bogue Banks Profile Comparison Plot
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Figure D-140. Bogue Banks Profile Comparison Plot
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Figure D-141. Bogue Banks Profile Comparison Plot
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Figure D-142. Bogue Banks Profile Comparison Plot



-40

-30

-20

-10

0

10

20

30

-500 0 500 1,000 1,500 2,000 2,500 3,000 3,500

El
ev

at
io

n 
(ft

 N
AV

D8
8)

Distance Offshore (ft)

Bogue Banks Transect 72

May 2019 Post-Dorian (September 2019)

Figure D-143. Bogue Banks Profile Comparison Plot
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Figure D-144. Bogue Banks Profile Comparison Plot
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Figure D-145. Bogue Banks Profile Comparison Plot
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Figure D-146. Bogue Banks Profile Comparison Plot
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Figure D-147. Bogue Banks Profile Comparison Plot
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Figure D-148. Bogue Banks Profile Comparison Plot
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Figure D-149. Bogue Banks Profile Comparison Plot
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Figure D-150. Bogue Banks Profile Comparison Plot
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Figure D-151. Bogue Banks Profile Comparison Plot
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Figure D-152. Bogue Banks Profile Comparison Plot
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Figure D-153. Bogue Banks Profile Comparison Plot
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Figure D-154. Bogue Banks Profile Comparison Plot
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Figure D-155. Bogue Banks Profile Comparison Plot
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Figure D-156. Bogue Banks Profile Comparison Plot
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Figure D-157. Bogue Banks Profile Comparison Plot
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Figure D-158. Bogue Banks Profile Comparison Plot
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Figure D-159. Bogue Banks Profile Comparison Plot
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Figure D-160. Bogue Banks Profile Comparison Plot
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Figure D-161. Bogue Banks Profile Comparison Plot
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Figure D-162. Bogue Banks Profile Comparison Plot
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Figure D-163. Bogue Banks Profile Comparison Plot
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Figure D-164. Bogue Banks Profile Comparison Plot
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Figure D-165. Bogue Banks Profile Comparison Plot
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Figure D-166. Bogue Banks Profile Comparison Plot
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Figure D-167. Bogue Banks Profile Comparison Plot
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Figure D-168. Bogue Banks Profile Comparison Plot
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Figure D-169. Bogue Banks Profile Comparison Plot
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Figure D-170. Bogue Banks Profile Comparison Plot
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Figure D-171. Bogue Banks Profile Comparison Plot
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Figure D-172. Bogue Banks Profile Comparison Plot
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Figure D-173. Bogue Banks Profile Comparison Plot
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Figure D-174. Bogue Banks Profile Comparison Plot
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Figure D-175. Bogue Banks Profile Comparison Plot
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Figure D-176. Bogue Banks Profile Comparison Plot
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Figure D-177. Bogue Banks Profile Comparison Plot
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Figure D-178. Bogue Banks Profile Comparison Plot
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Figure D-179. Bogue Banks Profile Comparison Plot
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Figure D-180. Bogue Banks Profile Comparison Plot
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Figure D-181. Bogue Banks Profile Comparison Plot
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Figure D-182. Bogue Banks Profile Comparison Plot
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Figure D-183. Bogue Banks Profile Comparison Plot
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Figure D-184. Bogue Banks Profile Comparison Plot
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Figure D-185. Bogue Banks Profile Comparison Plot
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Figure D-186. Bogue Banks Profile Comparison Plot
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Figure D-187. Bogue Banks Profile Comparison Plot
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Figure D-188. Bogue Banks Profile Comparison Plot
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Figure D-189. Bogue Banks Profile Comparison Plot
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Figure D-190. Bogue Banks Profile Comparison Plot
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Figure D-191. Bogue Banks Profile Comparison Plot
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Figure D-192. Bogue Banks Profile Comparison Plot
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Figure D-193. Bogue Banks Profile Comparison Plot
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Figure D-194. Bogue Banks Profile Comparison Plot
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Figure D-195. Bogue Banks Profile Comparison Plot
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Figure D-196. Bogue Banks Profile Comparison Plot
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Figure D-197. Bogue Banks Profile Comparison Plot
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Figure D-198. Bogue Banks Profile Comparison Plot
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Figure D-199. Bogue Banks Profile Comparison Plot
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Figure D-200. Bogue Banks Profile Comparison Plot



-40

-30

-20

-10

0

10

20

30

-500 0 500 1,000 1,500 2,000 2,500 3,000 3,500

El
ev

at
io

n 
(ft

 N
AV

D8
8)

Distance Offshore (ft)

Bogue Banks Transect 101

May 2019 Post-Dorian (September 2019)

Figure D-201. Bogue Banks Profile Comparison Plot
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Figure D-202. Bogue Banks Profile Comparison Plot
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Figure D-203. Bogue Banks Profile Comparison Plot
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Figure D-204. Bogue Banks Profile Comparison Plot
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Figure D-205. Bogue Banks Profile Comparison Plot
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Figure D-206. Bogue Banks Profile Comparison Plot
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Figure D-207. Bogue Banks Profile Comparison Plot
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Figure D-208. Bogue Banks Profile Comparison Plot
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Figure D-209. Bogue Banks Profile Comparison Plot
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Figure D-210. Bogue Banks Profile Comparison Plot
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Figure D-211. Bogue Banks Profile Comparison Plot
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Figure D-212. Bogue Banks Profile Comparison Plot
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Figure D-213. Bogue Banks Profile Comparison Plot
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Figure D-214. Bogue Banks Profile Comparison Plot
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Figure D-215. Bogue Banks Profile Comparison Plot
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Figure D-216. Bogue Banks Profile Comparison Plot
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Figure D-217. Bogue Banks Profile Comparison Plot
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Figure D-218. Bogue Banks Profile Comparison Plot
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Figure D-219. Bogue Banks Profile Comparison Plot
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Figure D-220. Bogue Banks Profile Comparison Plot
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Figure D-221. Bogue Banks Profile Comparison Plot
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Figure D-222. Bogue Banks Profile Comparison Plot
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Figure D-223. Bogue Banks Profile Comparison Plot
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Figure D-224. Bogue Banks Profile Comparison Plot
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Figure D-225. Bogue Banks Profile Comparison Plot
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Figure D-226. Bogue Banks Profile Comparison Plot
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Figure D-227. Bogue Banks Profile Comparison Plot
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Figure D-228. Bogue Banks Profile Comparison Plot
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Figure D-229. Bogue Banks Profile Comparison Plot
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Figure D-230. Bogue Banks Profile Comparison Plot
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Figure D-231. Bogue Banks Profile Comparison Plot
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Figure D-232. Bogue Banks Profile Comparison Plot
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Figure D-233. Bogue Banks Profile Comparison Plot
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Figure D-234. Bogue Banks Profile Comparison Plot
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Figure D-235. Bogue Banks Profile Comparison Plot
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Figure D-236. Bogue Banks Profile Comparison Plot
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Figure D-237. Bogue Banks Profile Comparison Plot
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Figure D-238. Bogue Banks Profile Comparison Plot



-40

-30

-20

-10

0

10

20

30

-1,000 -500 0 500 1,000 1,500 2,000 2,500 3,000 3,500

El
ev

at
io

n 
(ft

 N
AV

D8
8)

Distance Offshore (ft)

Bogue Banks Transect 118

May 2019 Post-Dorian (September 2019)

Figure D-239. Bogue Banks Profile Comparison Plot
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Figure D-240. Bogue Banks Profile Comparison Plot
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Figure D-241. Bogue Banks Profile Comparison Plot
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Figure D-242. Bogue Banks Profile Comparison Plot
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Figure D-243. Bogue Banks Profile Comparison Plot
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Figure D-244. Bogue Banks Profile Comparison Plot
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Table E-1. Summary of Shoreline Change and Volume Change Along Bogue Banks 
(May 2019 to September 2019) 

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

1 0+00 -5.41 114.16 -1.59 298.45 -9.38 751.37 12.46 1499.80 22.42 2813.96 14.52
2 5+59 -32.33 112.49 2.36 280.77 3.56 561.43 14.35 1187.46 8.87 2411.17 -1.76
3 11+23 -10.19 31.61 -4.36 110.10 5.23 338.12 48.42 832.34 49.43 1843.35 50.84
4 17+39 -21.27 29.78 -6.96 109.88 -0.37 289.08 -10.16 752.10 -14.77 1697.94 -16.11
5 23+22 10.63 41.71 1.48 117.08 0.01 286.43 -11.27 716.91 -14.88 1616.89 -10.45
6 36+28 -2.91 46.39 -3.26 126.05 4.36 298.67 6.34 696.44 3.45 1511.80 10.72
7 53+10 24.43 58.79 3.74 128.58 -4.83 290.97 -8.17 683.52 -8.01 1438.63 0.51
8 67+74 23.30 60.35 1.79 130.33 5.88 289.25 2.34 670.40 -1.28 1387.71 -1.14
9 80+91 -5.17 48.99 -1.38 111.55 -3.85 261.80 -1.41 623.19 -1.67 1325.58 5.59

10 93+40 1.02 40.41 -1.65 97.75 -8.34 242.48 -14.32 596.00 -20.61 1269.82 -22.94
11 108+58 9.47 40.30 3.32 97.86 -3.81 243.23 -11.23 578.94 -12.53 1250.59 -12.99
12 121+18 2.68 81.10 -2.08 147.87 -2.34 297.08 -8.13 649.38 -14.25 1332.61 -16.57
13 134+61 25.52 55.18 -0.69 119.05 -0.56 271.66 -9.65 623.68 -13.07 1298.54 -13.29
14 146+67 -9.89 46.87 -2.68 104.55 -12.13 250.88 -6.50 585.01 -13.89 1251.10 -16.16
15 160+16 18.00 46.79 5.30 103.60 9.97 245.91 19.52 578.89 10.88 1238.07 10.71
16 174+79 -4.33 45.12 -3.05 99.39 -13.15 239.70 -19.61 562.52 -29.20 1220.81 -35.12
17 189+23 27.09 64.91 1.40 131.06 1.47 289.55 -7.19 639.17 -13.03 1319.69 -13.61
18 203+53 -6.80 60.98 -1.26 125.95 -11.18 283.83 -9.94 620.51 -14.47 1303.08 -16.09
19 214+90 19.99 49.61 2.80 106.74 8.50 261.48 41.09 588.35 33.62 1257.11 32.80
20 230+02 -0.01 86.82 1.68 154.68 3.32 316.27 18.69 658.21 11.67 1356.50 11.82
21 241+15 12.68 55.76 2.97 116.39 6.21 270.59 14.14 602.30 13.42 1291.66 15.74
22 252+19 32.95 58.05 5.90 119.93 5.72 273.87 10.88 613.03 6.84 1308.27 9.19
23 263+24 -4.74 37.48 -0.81 89.87 -6.72 238.62 -14.62 568.29 -17.32 1245.47 -15.73
24 279+57 33.28 99.25 2.55 173.05 5.63 331.13 21.92 680.12 16.72 1387.12 16.21
25 290+77 12.98 53.48 -1.88 117.98 -11.49 276.78 -21.81 617.34 -28.49 1315.38 -29.51

Above -12 ft NAVD Above -20 ft NAVD Above -30 ft NAVD
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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.
2. Shoreline Change and Volume Change is calculated for the period between surveys from  May 15, 2019 to September 12, 2019.  
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Table E-1. Summary of Shoreline Change and Volume Change Along Bogue Banks 
(May 2019 to September 2019) Cont. 

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

26 304+77 21.53 73.24 4.83 143.25 -1.97 305.70 1.58 649.14 -3.85 1353.09 -5.34
27 318+11 36.60 71.81 7.55 141.47 10.63 305.54 41.55 663.17 35.68 1368.70 35.62
28 329+10 0.56 64.95 0.64 125.05 -4.31 274.94 -16.62 619.71 -21.67 1315.52 -21.44
29 345+80 46.58 53.16 6.32 113.10 9.66 270.61 24.08 624.27 28.85 1311.79 27.82
30 362+22 71.51 66.41 10.68 131.51 13.07 286.42 27.87 644.36 23.02 1340.55 24.91
31 378+80 23.94 50.65 1.87 110.66 6.56 258.32 8.23 600.97 13.45 1287.02 14.55
32 395+22 32.97 74.67 8.93 143.63 11.51 307.87 30.87 662.70 25.08 1353.22 25.46
33 408+86 -14.95 63.62 -3.40 124.98 -16.03 273.01 -20.04 612.97 -19.51 1303.06 -19.55
34 422+83 33.54 59.94 3.82 130.49 1.70 281.07 -7.44 609.93 -17.69 1295.21 -18.02
35 435+62 24.15 45.94 2.93 104.35 -13.18 250.63 -19.24 586.08 -16.69 1261.13 -14.11
36 450+22 62.50 51.10 6.25 116.28 7.12 277.25 29.86 612.06 25.24 1295.56 26.25
37 461+34 11.17 31.57 -1.66 86.21 -12.86 231.15 -7.15 556.99 -3.62 1222.61 -2.41
38 472+44 54.57 51.01 5.75 118.93 1.60 280.41 1.04 621.54 5.09 1298.18 6.03
39 483+48 10.88 64.99 3.01 133.12 -1.07 299.50 7.58 639.56 5.59 1333.11 6.94
40 494+44 2.18 40.51 -2.97 99.95 -20.90 245.07 -24.33 571.84 -22.25 1236.00 -21.36
41 505+39 25.54 59.65 2.64 133.80 -5.04 298.46 -5.44 636.28 -8.55 1317.56 -8.73
42 516+57 7.01 40.62 -0.87 95.93 -13.11 240.94 -3.87 558.54 -4.42 1221.61 -3.25
43 527+37 39.88 40.52 1.72 102.06 -3.77 249.57 -1.85 584.68 0.19 1259.27 2.57
44 538+39 6.34 62.99 0.59 133.48 -12.45 300.13 -8.72 648.09 -0.48 1330.81 3.14
45 549+45 -0.24 56.13 2.11 126.12 2.85 283.92 9.13 634.44 12.98 1316.91 17.27
46 560+42 4.36 53.43 -2.13 121.26 -5.25 278.44 -4.44 624.24 -10.40 1305.40 -9.06
47 571+43 1.20 51.24 -1.62 112.34 -18.55 263.91 -17.85 618.64 -11.95 1299.83 -10.66
48 580+13 20.31 55.03 5.86 118.80 -2.78 274.82 0.75 639.24 -1.13 1325.49 -0.69
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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.
2. Shoreline Change and Volume Change is calculated for the period between surveys from  May 15, 2019 to September 12, 2019.  
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Table E-1. Summary of Shoreline Change and Volume Change Along Bogue Banks 
(May 2019 to September 2019) Cont. 

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

49 595+84 -3.81 60.40 0.71 125.54 -2.67 280.28 0.55 637.59 0.97 1333.32 3.02
50 608+06 22.51 75.67 2.60 145.02 2.03 314.31 11.99 675.68 13.24 1378.60 14.27
51 620+90 27.29 58.26 5.12 119.02 3.51 273.59 4.01 624.33 4.24 1314.03 5.88
52 633+31 16.69 25.16 0.97 69.85 2.02 212.67 18.35 544.70 21.22 1216.52 23.59
53 648+17 25.85 77.34 8.04 146.10 -1.11 310.66 -9.25 688.13 -1.30 1408.46 2.12
54 660+65 5.96 107.74 1.52 190.02 -15.14 367.25 -21.81 751.53 -24.40 1495.65 -19.58
55 672+30 10.04 57.74 4.80 116.81 -7.65 271.50 -3.22 628.83 -4.74 1331.84 -3.42
56 683+24 18.16 47.06 5.46 111.82 5.12 262.05 7.49 618.85 15.68 1317.81 19.18
57 693+79 -15.60 53.92 -0.19 112.82 -8.88 259.61 -8.42 615.93 1.55 1318.50 8.46
58 709+05 27.15 49.74 4.93 108.80 -3.07 256.61 -2.50 617.59 3.25 1322.27 10.32
59 723+93 6.23 35.02 2.33 89.05 7.50 227.66 7.28 587.55 15.81 1291.14 23.00
60 736+01 -23.21 22.37 2.04 69.22 -9.52 210.82 -5.57 566.54 -6.84 1276.13 -2.42
61 748+06 -3.47 45.13 -4.13 100.35 -15.77 246.22 -18.62 620.16 -18.58 1348.84 -16.61
62 761+80 6.92 36.37 1.85 93.88 10.87 237.53 19.02 596.57 14.73 1319.66 17.25
63 774+77 -6.60 32.63 -1.85 83.83 -10.97 218.31 -9.09 570.29 -4.81 1303.41 1.06
64 787+61 21.58 43.74 1.85 102.78 6.77 250.54 4.29 619.54 8.15 1359.70 20.26
65 800+91 33.24 37.55 2.94 91.25 12.41 242.17 24.68 604.17 31.39 1344.21 43.04
66 813+33 3.86 31.53 -1.08 85.51 -5.51 229.23 -7.66 594.99 -7.92 1338.85 -0.78
67 825+53 14.49 27.09 1.81 69.24 -9.09 201.52 -9.08 543.78 -15.77 1276.69 -8.67
68 840+55 26.46 37.68 5.69 97.62 11.67 248.42 21.98 611.89 21.60 1359.10 29.64
69 850+84 27.77 38.94 3.90 94.83 11.17 246.48 12.60 611.98 16.61 1369.84 26.37
70 863+28 48.36 34.41 8.57 89.82 6.01 234.00 16.03 605.53 22.53 1366.28 32.23
71 882+23 45.76 26.78 5.45 81.92 3.90 232.32 12.82 597.17 11.55 1346.86 13.14
72 896+24 41.75 31.11 6.83 85.90 13.05 233.19 21.05 605.66 12.03 1371.90 15.42
73 910+53 48.89 34.64 10.28 87.53 11.59 236.21 22.53 613.74 20.98 1381.91 22.35
74 922+70 29.66 39.17 1.84 97.99 0.70 252.46 5.29 635.61 1.40 1416.06 4.31
75 937+70 8.34 44.69 -0.41 104.45 -3.14 261.28 -3.79 641.60 -10.71 1425.98 -9.26
76 948+81 15.60 35.43 4.70 91.89 -6.83 238.29 -21.79 599.13 -32.10 1378.95 -30.23
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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.
2. Shoreline Change and Volume Change is calculated for the period between surveys from  May 15, 2019 to September 12, 2019.  
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Table E-1. Summary of Shoreline Change and Volume Change Along Bogue Banks 
(May 2019 to September 2019) Cont. 

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

77 961+72 54.31 44.37 7.53 104.54 7.38 260.43 14.28 632.95 7.49 1412.64 5.63
78 971+20 49.65 36.10 7.49 93.76 7.79 254.92 19.28 617.89 8.74 1390.43 10.60
79 985+64 46.73 40.36 8.10 101.28 9.67 254.88 9.48 629.56 6.76 1411.85 10.74
80 994+64 70.87 56.00 9.91 126.94 11.94 290.64 5.10 684.63 2.73 1484.76 6.44
81 1005+61 21.35 44.45 4.85 112.33 8.53 281.33 22.12 672.79 21.61 1475.53 25.26
82 1012+68 69.71 29.86 10.12 90.44 11.28 250.60 16.72 633.22 13.04 1423.98 14.24
83 1022+69 39.69 19.59 6.94 74.84 5.74 221.03 -0.72 597.96 -4.92 1381.24 -2.58
84 1032+70 36.86 19.18 5.08 70.12 7.75 206.05 1.78 583.03 -1.34 1352.90 -14.96
85 1042+73 61.89 55.80 7.80 128.90 9.94 297.91 13.84 702.45 11.57 1521.09 16.05
86 1052+75 -30.48 51.04 -3.92 124.56 -3.87 301.00 -2.02 706.04 -8.91 1525.86 -10.17
87 1062+69 48.43 57.28 7.89 134.15 13.59 301.47 3.66 703.69 2.08 1528.31 6.16
88 1072+62 58.68 89.49 0.83 184.14 1.61 371.51 -1.19 798.05 -6.67 1657.71 -4.17
89 1082+69 10.54 64.28 -1.03 136.63 -0.05 300.09 -7.92 700.07 -14.74 1513.26 -18.96
90 1093+69 41.88 59.42 7.35 149.09 0.19 345.24 -0.21 762.38 -6.44 1594.72 -10.24
91 1102+82 2.63 54.81 0.96 119.00 -3.82 280.41 -8.54 669.69 -12.54 1474.78 -13.60
92 1112+81 29.48 52.07 3.92 129.48 -0.38 303.63 -0.08 691.68 -3.94 1470.28 -13.92
93 1122+81 12.60 63.01 3.96 141.96 -1.14 314.74 -3.62 703.25 -9.76 1526.28 -9.74
94 1131+73 -11.40 49.01 0.77 133.47 1.97 316.92 5.24 714.95 -1.99 1542.38 -7.31
95 1141+97 -40.74 59.40 -3.60 137.65 -15.92 311.51 -18.70 699.89 -25.12 1514.55 -30.88
96 1151+92 23.11 55.74 6.91 129.48 2.54 295.89 6.56 676.48 -0.13 1474.84 -6.54
97 1161+91 11.93 84.62 4.76 183.44 -1.08 379.83 -0.36 795.76 -3.61 1623.50 -7.47
98 1171+91 3.53 77.05 3.45 165.83 -7.38 348.19 -7.80 759.19 -9.13 1570.13 -12.34
99 1182+17 6.27 74.88 3.48 163.52 6.86 350.24 9.08 762.62 8.46 1591.42 5.28
100 1191+90 18.61 142.64 -2.69 280.91 7.30 517.32 9.64 970.94 4.56 1920.60 -3.32
101 1201+93 6.18 92.15 5.56 174.28 -8.25 365.23 -4.16 744.90 -6.88 1648.01 -12.28
102 1211+94 12.87 114.41 6.60 201.91 -0.88 387.81 9.38 759.54 6.51 1724.41 3.03
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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.
2. Shoreline Change and Volume Change is calculated for the period between surveys from  May 15, 2019 to September 12, 2019.  
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Table E-1. Summary of Shoreline Change and Volume Change Along Bogue Banks 
(May 2019 to September 2019) Cont. 

Sept 2019 
Measured 
Volume      
(cy/ft)
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Sept 2019 
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Change 
(cy/ft)

Sept 2019 
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(cy/ft)
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(cy/ft)
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(cy/ft)
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(cy/ft)
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Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

Sept 2019 
Measured 
Volume      
(cy/ft)

May 2019 -
Sept 2019 

Volume 
Change 
(cy/ft)

103 1222+11 -2.79 46.88 1.54 111.97 -2.43 260.69 -2.85 591.44 -6.43 1671.16 -5.82
104 1231+86 -27.63 50.30 -4.22 115.19 -8.30 256.17 -10.27 623.13 -28.15 1801.44 -39.18
105 1241+79 21.12 68.35 10.06 151.09 11.77 330.86 22.57 738.54 18.54 1964.04 25.52
106 1251+79 23.79 77.03 9.80 165.47 11.25 350.08 27.00 849.82 14.59 2111.63 14.18
107 1257+09 0.89 116.04 4.42 228.92 2.04 435.29 2.81 1077.02 -31.28 2346.72 -30.20
108 1261+80 9.49 68.34 2.48 164.59 -0.38 347.16 -7.72 1022.20 -10.40 2233.76 -9.57
109 1267+13 -2.80 113.76 5.35 239.23 3.53 467.01 -11.73 1319.92 -32.67 2620.84 -31.67
110 1271+73 -24.27 112.14 0.39 234.60 -1.64 498.02 -37.84 1356.20 -38.03 2626.28 -36.53
111 1278+93 -5.95 85.20 4.79 195.92 5.14 423.92 3.25 790.38 -1.41 1280.05 -0.60
112 1283+93 -32.66 60.04 -3.28 158.84 -9.00 352.19 -20.82 641.20 -20.42 1004.29 -20.22

112B 0+00 -36.17 44.91 -5.49 123.48 -16.70 376.44 -13.26 907.56 -3.39 1632.74 18.30
113 5+00 -51.17 55.49 -13.73 189.73 -24.36 491.75 -45.01 983.00 -42.21 1624.13 -30.37
114 10+00 -37.81 85.31 -7.92 309.32 -14.57 645.89 -18.08 1060.22 -12.43 1600.62 -5.22
115 15+00 -89.80 88.22 -5.64 291.18 -19.20 533.65 -21.22 844.25 -19.26 1284.65 12.81
116 20+00 -41.42 29.82 -3.43 91.16 -5.40 186.78 -9.97 320.07 -10.85 510.59 -8.73

117B 0+00 - - - - - - - - - - -
117 5+00 - - - - - - - - - - -
118 10+00 - - - - - - - - - - -
119 15+00 - - - - - - - - - - -
120 20+00 - - - - - - - - - - -
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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.
2. Shoreline Change and Volume Change is calculated for the period between surveys from  May 15, 2019 to September 12, 2019.  
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