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A. Introduction 

This Horizontal and Vertical Control Report (HVCR) is applicable to all surveys for OPR-H355-
KR-21 (Key West, FL). Surveys H13427, H13428, H13429, H13430, H13431, and H13432 were 
acquired in the vicinity of Key West, Florida and within the Florida Keys National Marine 
Sanctuary. As defined in the Project Instructions (PI), “Conducting a modern bathymetric survey 
with concurrent backscatter data in this area will provide critical data for the updating of National 
Ocean Service (NOS) nautical charting products and services to increase maritime safety near the 
waters of the Florida Keys, and help classify the habitat of the reefs. Survey data from this project 
is intended to supersede all prior survey data in the common area.” These surveys meet the 
requirements defined in the Statement of Work (SOW), Hydrographic Survey PI, April 2021 
Hydrographic Survey Specifications and Deliverables (HSSD), and correspondence with the 
National Oceanographic and Atmospheric Administration (NOAA) Hydrographic Survey 
Division (HSD) Operations (OPS) branch throughout the project. 

B. Horizontal Control  

B.1 Horizontal Datum 

The horizontal datum for this project is North American Datum of 1983 (NAD83) (2011). Surveys 
were projected to Universal Transverse Mercator (UTM) Zone 17 North (N), Meters (m). 

B.2 SBAS Corrections 

Horizontal control for surveys H13427-H13432 utilized G2+ Global Navigation Satellite System 
(GNSS) satellite corrections provided by the Fugro Marinestar Satellite-Based Augmentation 
System (SBAS). Each vessel’s POS MV received the G2+ corrections, providing decimeter-level 
real-time horizontal control. Real-time corrections received by the POS MV were referenced to 
the ITRF14 realization. 

B.3 Post-Processed Horizontal Control 

All positioning data were post-processed using the Applanix POSPac Mobile Mapping Solution 
(MMS) software. Post-processed corrections were implemented with Trimble’s CenterPoint RTX 
service. Horizontal accuracy (RMS) was improved with sub-decimeter positioning in the 
Smoothed Best Estimate of Trajectory (SBET) file, that was applied to the survey data in CARIS 
HIPS. Real-time positioning referenced to ITRF14 was transformed to NAD83 (2011) upon export 
of the POSPac SBET files. 

C. Vertical Control 

C.1 Vertical Datum 

The vertical datum for this project is Mean Lower Low Water (MLLW). 
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C.2 VDatum Separation Model (SEP) 

NOAA’s HSD OPS provided a VDatum SEP model package with the initial project files. As 
described in the PI, the following metadata accompanies the SEP model. 

VDatum Separation Model 
OPR-H355-KR-21_NAD83_VDatum_MLLW 

VDatum Version Geoid Area Area Version Separation Uncertainty 
3.9 2012 Florida South 8301 0.0893 m 

C.3 SBAS Corrections 

Vertical control for surveys H13427-H13432 utilized G2+ GNSS satellite corrections provided by 
the Fugro Marinestar SBAS. Each vessel’s POS MV received the G2+ corrections, providing 
decimeter-level real-time vertical control. Real-time corrections received by the POS MV were 
referenced to the ITRF14 realization. Ellipsoid heights of the water surface and soundings were 
reduced to MLLW in real-time on each vessel by incorporating the OPR-H355-KR-
21_1_100m_ITRF2014-MLLW_geoid12b SEP model in QPS Qinsy. It should be noted this 
ITRF2014-MLLW SEP model was an additional SEP model requested by Geodynamics (initial 
only provided NAD83 SEP models). This ITRF2014-MLLW SEP model was only used in real-
time and is not utilized by any delivered, processed data. 

C.4 Post-Processed Vertical Control 

All ellipsoid data were post-processed using the Applanix POSPac MMS software. Post-processed 
corrections were implemented with Trimble’s CenterPoint RTX service. Vertical accuracy (RMS) 
was improved to sub-decimeter in the SBET file that was applied to the survey data in CARIS 
HIPS. Real-time corrections referenced to ITRF14 were transformed to NAD83 (2011) upon 
export of the POSPac SBET files. The OPR-H355-KR-21_NAD83_VDatum_MLLW SEP model 
was then utilized in CARIS HIPS to reduce the sonar data to MLLW. 

C.5 Vertical Control Confidence Check 

Following pre-survey calibrations and still utilizing SBAS corrections, a “float test” was 
performed with the R/V Benthos to ensure the quality of the GNSS corrections, SEP model, and 
survey systems integrations. The vessel remained stationary while nearby NOS Water Level 
Station 8724580 – Key West and recorded the MLLW elevation of the water surface. This 
information was then compared to the near real-time water level data collected by the Key West 
tide gauge for the same time period and showed good agreement (Figure 1). 
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Figure 1. Graphic documenting the vertical control confidence check performed at NOS water 
level station 8724580 – Key West, FL.
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D. Approval Sheet

LETTER OF APPROVAL 

Registry Nos. 
H13427, H13428, H13429, H13430, H13431, H13432 

OPR-H355-KR-21 – Key West, FL 
HORIZONTAL AND VERTICAL CONTROL REPORT 

This report and the accompanying data are respectfully submitted. 

As Chief of Party, field operations contributing to the accomplishment of Surveys H13427, 
H13428, H13429, H13430, H13431, and H13432 were conducted under my direct supervision, 
with frequent personal checks of progress and adequacy. This report and accompanying data 
deliverable have been closely reviewed and are considered complete and adequate as per the 
Statement of Work (February 16, 2021). 

David J. Bernstein, CH, PLS, GISP   |   Geodynamics LLC   |   Chief of Party   |   September 30, 2021 
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E. List of Acronyms

GNSS Global Navigation Satellite System 
HSD Hydrographic Survey Division 
HSSD Hydrographic Surveys Specifications and Deliverables 
HVCR Horizontal and Vertical Control Report 
ITRF14 International Terrestrial Reference System 2014 
m Meter 
MLLW Mean Lower Low Water 
MMS Mobile Mapping Solution 
N North 
NAD83 North American Datum of 1983 
NOAA National Oceanographic and Atmospheric Administration 
NOS National Ocean Service 
OPS Operations 
PI Project Instructions 
RMS Root Mean Square 
SBAS Satellite-Based Augmentation System 
SBET Smoothed Best Estimate of Trajectory 
SEP Separation 
SOW Statement of Work 
UTM Universal Transverse Mercator 
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