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APPENDIX G 

 
Fort Fisher Shore Protection and Beach Stabilization Project (Wilmington District) 

  
  
G-1.  Purpose.  This appendix contains an example of a Wilmington District project that has been 
adequately referenced to the current NSRS orthometric datum and to the local tidal datum.  The 
project consists of a 3,000 ft stone revetment sector that has an established reference baseline 
with local control on a legacy NGVD29 vertical datum.  Beach monitoring surveys are 
performed in an area some two miles to the south of the revetment area, as shown on Figure G-1.  
The mean range of tide is 4.2 ft and the maximum known storm tide is 10.7 feet above MSL.  
Average annual shoreline retreat rate is approximately 15 ft in this area. 
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Figure G-1.  Fort Fisher revetment and beach monitoring survey scheme.  
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G-2.  Connections to NSRS and Tidal Datum References.  The PPCP established for the project 
is PBM "FED," as shown on Figure G-1.  This point is published in the NSRS and has observed 
NAD83/GRS80 ellipsoid height observations.  Excerpts taken from the NOAA NGS published 
datasheet are shown in Figure G-2. 
 
 

 DG8645 *********************************************************************** 
 DG8645  DESIGNATION -  FED 
 DG8645  PID         -  DG8645 
 DG8645  STATE/COUNTY-  NC/NEW HANOVER 
 DG8645  USGS QUAD   -  KURE BEACH (1979) 
 DG8645 
 DG8645                         *CURRENT SURVEY CONTROL 
 DG8645  ___________________________________________________________________ 
 DG8645* NAD 83(2007)-  33 57 37.24132(N)    077 56 28.77768(W)     ADJUSTED   
 DG8645* NAVD 88     -         5.992  (meters)      19.66   (feet)  ADJUSTED   
 DG8645  ___________________________________________________________________ 
 DG8645  EPOCH DATE  -        2002.00 
 DG8645  X           -   1,106,339.885 (meters)                     COMP 
 DG8645  Y           -  -5,178,836.890 (meters)                     COMP 
 DG8645  Z           -   3,542,781.497 (meters)                     COMP 
 DG8645  LAPLACE CORR-          -4.76  (seconds)                    DEFLEC99 
 DG8645  ELLIP HEIGHT-         -31.476 (meters)          (02/10/07) ADJUSTED 
 DG8645  GEOID HEIGHT-         -37.37  (meters)                     GEOID03 
 DG8645  DYNAMIC HT  -           5.986 (meters)      19.64  (feet)  COMP 
 DG8645 
 DG8645  ------- Accuracy Estimates (at 95% Confidence Level in cm) -------- 
 DG8645  Type    PID    Designation                      North   East  Ellip 
 DG8645  ------------------------------------------------------------------- 
 DG8645  NETWORK DG8645 FED                               0.57   0.51   1.53 
 DG8645  ------------------------------------------------------------------- 
 DG8645  MODELED GRAV-     979,620.0   (mgal)                       NAVD 88 
 DG8645 
 DG8645  VERT ORDER  -  SECOND    CLASS II 

 
 

Figure G-2.  Portion of NGS datasheet for bench mark FED. 
 
The 19.66 ft NAVD88 elevation of FED is based on adjusted leveling observations.  The 
estimated 95% confidence of the ellipsoid height is less than 2 cm.  Thus, this is an excellent 
point for use as an RTK base station from which all supplemental surveys can be referenced. 
 
 a.  PPCP verification.  The coordinates of PPCP "FED" were site calibrated against three 
nearby published bench marks in the NSRS—DAVIS, NO 3, and 865 8715 TIDAL 12.  (DAVIS 
for horizontal only).  These site calibration checks were based on RTK observations with the 
base station at FED.  (Subsequent surveys used the North Carolina RTN rather than a RTK base 
at FED).  Figure G-3 shows a typical field site calibration at PBM "NO 3."  The 0.1 ft horizontal 
difference and 0.01 ft elevation difference are within acceptable measurement tolerances. 
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Figure G-3.  Site calibration RTK observations at PBMs "FED" and "NO 3."   
(Checks to other site calibration points were made but are not shown in this figure) 

 



EM 1110-2-6056 
31 Dec 10 

G-4 

 b.  Local PBM and TBM control.  Figure G-4 lists the local reference PBMs and TBMs that 
were connected to the PPCP for the project using RTK positioning methods and differential 
leveling.  The legacy NGVD29 elevation was retained for the two reference points used for the 
stone revetment monitoring survey area (USACE "73" and USACE "75").  The beach 
monitoring TBMs for each profile range were positioned using total station and RTK methods, 
and set relative to previously established monitoring range locations.  Differential levels were 
also run through these points and the leveled elevations were held over the RTK elevations.  All 
elevation measurements were relative to PPCP "FED" on the NAVD88 reference datum. 
 
 

 
 

Figure G-4.  Primary, local, and baseline range control for Fort Fisher project. 



EM 1110-2-6056 
31 Dec 10 

G-5 

 c.  Conversion from NAVD88 to NGVD29.  The survey specifications required that range 
profile data be referenced to NGVD29 in order to compare prior surveys on that legacy datum.  
All topographic and hydrographic surveys of each profile range observed on NAVD88 were 
converted to NGVD29 based on an average VERTCON difference of (-) 0.956 ft (NAVD88 - 
NGVD29).  This conversion assumed prior surveys referenced to NGVD29 were based on 
published NSRS connections.  (It would have been preferable to establish NAVD88 on an 
existing mark with a published agency elevation to derive the conversion value.) 
 
 d.  Tidal reference datum.  The tidal relationship to NAVD88 was estimated using the 
nearest NOAA gage to the project site.  Figure G-5 shows a number of NOAA gages in the 
region; however, only the Wilmington Beach gage on the coast is most representative of the 
project site to the south.  The Southport gage to the south has similar mean and diurnal tide 
ranges as the Wilmington Beach gage.  Therefore, the interpolated tidal characteristics at the 
project site are likely representative of these gages. 
  
 
 

 
 

Figure G-5.  Published NOAA/CO-OPS gage data in vicinity of Fort Fisher, NC. 
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 (1) The NOAA CO-OPS station tabulation for this gage is shown in Figure G-6. 
 
 

Tidal datums at WILMINGTON BEACH [865 8559] based on: 
 
     LENGTH OF SERIES:      4 MONTHS 
     TIME PERIOD:           March 1977 - June 1977 
     TIDAL EPOCH:           1983-2001 
     CONTROL TIDE STATION:  8658120 WILMINGTON, CAPE FEAR RIVER 
 
 
Elevations of tidal datums referred to Mean Lower Low Water (MLLW), in METERS: 
 
     MEAN HIGHER HIGH WATER (MHHW)                =  1.433   [4.70 ft] 
     MEAN HIGH WATER (MHW)                        =  1.329 
     NORTH AMERICAN VERTICAL DATUM-1988 (NAVD)    =  0.902   [2.96 ft] 
     MEAN TIDE LEVEL (MTL)                        =  0.688 
     MEAN SEA LEVEL (MSL)                         =  0.686   [2.25 ft] 
     MEAN LOW WATER (MLW)                         =  0.047 
     MEAN LOWER LOW WATER (MLLW)                  =  0.000 

 
Figure G-6.  NOAA tide gage Wilmington Beach. 

 
 (2) Based on the data in Figure G-6, NAVD88 is 0.71 ft above MSL (0.902 m – 0.686 m).  
The difference between NGVD29 and MSL is then 0.25 ft (0.96 ft – 0.71 ft).  The difference 
between NAVD88 and MSL is assumed the same at the project site to the south.  (A VDatum 
model may show slight variations). 
 
 (3) The gage at NOAA historical tide station 865 8715 is no longer published by NOAA 
CO-OPS.  This gage would not be relevant to this project given its interior location.  
 
 (4) Based on the above data, the geodetic and tidal relationships at PPCP "FED" could be 
tabulated as shown in Table G-1. 
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  Table G-1.  Elevations at PPCP "FED." 
 
 
  Datum 1 Elevation Referenced From  Estimated Relative to 
          Uncertainty 

 
MLLW 22.62 ft NOAA gage 865 8559 ±0.2 ft  NWLON 
 
NGVD29 20.62 ft VERTCON transform  ±0.3 ft  NSRS 
 
MSL  20.37 ft NOAA gage 865 8559 ±0.2 ft  NWLON 
 
NAVD88 19.66 ft NSRS    ±0.1 ft 2 NSRS 
 
MHW  17.92 ft NOAA gage 865 8559 ±0.2 ft  NWLON 
 
Ellipsoid -103.27 ft GPS observations  ±0.05 ft        NAD83/GRS80 
 

 
1 Tidal datum elevations are estimated based on NOAA gage 865 8559 (Wilmington 
Beach). 
 
2 Uncertainty relative to NSRS not factored in to supplemental surveys. 

 
 
 


