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Figure 1: OPR-A366-KR-10 
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A.  EQUIPMENT 
 

A.1 Vessel – M/V R&R 
 
The Ryan Marine’s R&R is a custom built fiberglass Chesapeake that is 48 feet in length with an 
18 foot beam.  More vessel information is available in Appendix A. 
 

A.2 Sounding Equipment 
 
The M/V R&R was equipped with a pole mounted 300 kHz EM3002 multibeam system for the 
duration of the OPR-A366-KR-10 project. The EM3002 has 254 horizontal beams centered 1.5º 
apart and an along-track beam width of 1.5º with a maximum swath width of 130º or 200m 
(Appendix C). 
 

A.3 Positioning and Orientation Equipment 
 
The M/V R&R was equipped with an IXSEA OCTANS surface gyrocompass and motion sensor. 
The OCTANS has a heading accuracy of 0.1º times the secant of the latitude (0.1 x 1/COS 
latitude), and a resolution of 0.01º. Heave, surge and sway measurements are accurate to 5 cm or 
5% of the measured amplitude. The dynamic roll and pitch accuracy is 0.01º with a resolution of 
0.001º (Appendix G). Position was determined in real time using a Trimble Zephyr Model 2 GPS 
antenna connected to a Trimble SPS 851 DGPS System (Appendix B). Coast Guard differential 
corrections were received by a Hemisphere MBX-4 DGPS beacon receiver. More information on 
the MBX-4 beacon receiver can be found in Appendix D.  
 
 
The R&R survey crew monitored real-time QC displays in QINSy throughout the survey to 
ensure that the positional accuracies specified in the NOS Hydrographic Surveys Specifications 
and Deliverables were achieved.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Data Acquisition and Processing Report  
OPR-A366-KR-10 

 

3 

 
A.4 Software 

 
A.4.a Acquisition 

 
Two computers were used during acquisition aboard the M/V R&R, one acting as an acquisition 
machine (SIS), the other as a navigation computer (QINSy).  The data were collected and stored 
using SIS. The QINSY navigation computer also logged data as a backup. The QINSy computer 
operated on a 2.86 GHz Intel core 2 Quad processor PC running Windows 7.  The Kongsberg 
SIS acquisition PC operated on a 2.86 GHz Intel dual core 2 processor PC running Windows XP 
service pack 3.  Multibeam data were stored in their native SIS .all format and the native QINSy 
.db format.  The recorded .all files contain bathymetry data corrected for horizontal position 
offsets, static draft, vessel attitude, heading and ZDA/1pps time stamp data.   
 
Two log files were maintained daily aboard the R&R.  The SVP and WL log, maintained by the 
sonar operator, contains daily water line measurement values and sound speed probe deployment 
operations.  The Acquisition log, maintained by the navigator, was used to record relevant 
information such as the line number that was run, navigation information concerning time and 
location of the R&R and status updates about the daily operations and weather. 
 
 

A.4.b Processing 
 

All Soundings were processed using CARIS (Computer Aided Resource Information System) 
HIPS (Hydrographic Information Processing System) v6.1 SP2 hotfix 8 
 
IVS Fledermaus 6.7 was used to generate CUBE surfaces for data cleaning and filtering. 
 
A complete list of software and Hardware used on this project is included in Appendix E and F.  
 
GPS and MBES offsets from the vessel were accounted for in SIS during acquisition while the 
patch test calibration values, TPU values, dynamic draft, and waterline measurements were 
entered into the HVF and applied during the merge process in CARIS HIPS.  The physical 
offsets for the GPS and MBE were as follows: 
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B.  QUALITY CONTROL 

 
B.1 Processing Routine 

 
In the CARIS Vessel Configuration File (HVF) for the M/V R&R, error estimates for all survey 
sensors were entered. These error estimates were used in CARIS to calculate the Total 
Propagated Uncertainty (TPU) at the 95% confidence interval for the horizontal and vertical 
components for each individual sounding. The values that were input in the CARIS HVF file for 
the survey sensors are the specified manufacturer accuracy values and were downloaded from 
the CARIS website http://www.caris.com/tpu/ in August 2010. 
 
The calculated vertical and horizontal uncertainty or TPU values were then used to: 
 

• Build and edit CUBE surfaces in IVS Fledermaus 
• Filter the data to IHO order 1 specifications. 
• Create finalized BASE surfaces that used only soundings meeting or exceeding IHO 

Order 1 standards and have been CUBE filtered in Fledermaus. 
 
An overview of the data processing flow follows: 
 
In order for the SIMRAD files to be used by CARIS, they must be converted to HDCS format 
using the CARIS conversion wizard.  Horizontal and vertical sensor offsets were accounted for 
in SIS prior to the conversion while the patch test calibration values, TPU values, dynamic draft 
and waterline measurements were entered into the HVF. 
 
Once converted, the tide data was loaded into each line and then the line was SVP corrected and 
merged in CARIS HIPS. The TPU was then computed for each sounding and the attitude, 
navigation and bathymetry data for each individual line were examined for noise, as well as to 
ensure the completeness and correctness of the data set. 
 
After each individual line was examined and cleaned in CARIS HIPS, the HDCS files were then 
used to build Combined Uncertainty Bathymetry Estimator (CUBE) surfaces in IVS Fledermaus 
using PFM Direct. The CUBE surfaces were created at the finest resolution possible. The 
following depth thresholds were used on this project for cleaning purposes. 
 

• Depth Threshold: 0 to 22 meters, resolution = 1 m  
• Depth Threshold: 20 + meters, resolution = 2 m  

 
Other CUBE options and configurations are as follows: 

• Bin Size: 1-2 meters dependant on depth 
• Vertical Resolution: 1cm 
• CUBE Capture Distance: 5% of depth 
• CUBE Hypothesis Resolution Algorithm: Number of Samples for depths <30m and 

Predicted Surface for depths >30m (this was done to obtain the best portrayal of possible 
DTON areas) 
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The data was then cleaned in Fledermaus by flagging and rejecting individual soundings or 
correcting the CUBE surface.  The soundings were then filtered to IHO Order 1 standards off the 
CUBE surface; in some specific cases user defined filters were used near steeply sloping 
bathymetry to avoid filtering out valid data or possible DTONs. 
 
Sounding data that were CUBE filtered and passed the required quality assurance checks 
were used in the final BASE uncertainty surfaces. 
 
Deviations from these thresholds, if any, are detailed in the appropriate DR. 
 
 
 
 B.2 Uncertainty Values 
 
Uncertainty is generally lowest near the sonar nadir beams and increases toward the outside of 
each swath. This is expected and primarily a result of sound speed error uncertainty. 
 
Higher uncertainty is apparent in areas of steep or rapidly changing bottom topography, areas of 
variable sound speed through the water column, and areas where outer beams were left to 
contribute to the surface. However, despite high uncertainty in these areas, data matchup is good 
and acceptable for nautical charting purposes. 
 
Uncertainty values for computation in CARIS are as follows: 

 
These values were obtained from the HSSD 2010 as the least amount of expected uncertainty.  
The sound speed values also correlate with the comparison sound speed casts conducted. 
 
The resulting uncertainty for this survey is described in detail in OPR-A366-KR-10 DR 
submitted under a separate cover. 
 
 
 
 B.3 Designated Soundings 
 
While examining the data in subset mode, soundings were designated wherever the CUBE 
surface did not adequately depict the shoalest point of a feature.  Designations were initially 
assigned to soundings in IVS Fledermaus, then were double checked and added to CARIS.   
Soundings were designated when they met or exceeded the criteria for designation set forth in 
the HSSD (April 2010) to ensure they were carried through to the finalized BASE surfaces. 
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C. CORRECTIONS TO SOUNDINGS 
 
 

C.1 Sound Speed data 
 
Sound speed profile casts were taken approximately every three hours, or when the sound speed 
at the head shifted by more than 2 m/s.  Two Seabird CTDs were used aboard the R&R, each 
having been calibrated at the Sea Bird headquarters on August 4th, 2010.  The CTD used for 
daily operations was a SBE 19+, while a SBE 19 was used for comparisons and, if needed, for 
backup.  For each cast, the probes were held at the surface for 1-2 minutes to allow time for the 
unit to turn on and reach temperature and pressure equilibrium. The probes were then lowered 
and raised at an approximate rate of 1 m/s. The SBE 19+ was set to sample the water at a rate of 
2Hz while the SBE 19 was set to sample at 1Hz. Only the downcasts were used for post 
processing. After each cast, the Sea Bird probes were rinsed out with freshwater to minimize 
salt-corrosion and in some cases to rinse out sediment.   
 
The R&R used an OSIL Environmental and Marine Instruments’ Smart AML SV&P for sound 
speed at the head of the EM3002, calibrated March 6th, 2010.  Comparison casts (confidence 
checks) were completed every week between each probe and sensor in compliance with the 
HSSD (April 2010), section 5.1.3.3.  
 
 

C.2 Squat and Settlement 
 
The squat and settlement test for the M/V R&R was conducted on a due west heading on the 
leeward side of the Rockland Harbor jetty, on September 15th, 2010 (Julian Day 258). 
 
The squat/settlement test was performed by first establishing a 1000 meter line up a shallow 
slope.  Three reference areas were then logged at 250m, 500m and 750m with the engines out of 
gear coasting at 1-2 knots.  These reference areas were run using the same methodology after the 
full line collection was completed.  The full line was then run 5 times with the same heading, 
North, at incrementing vessel speeds (4, 5, 6, 7 and 8 knots).  These data were then compared at 
each reference point (see squat and settlement spread sheets) by sampling soundings in the subset 
editor in CARIS.  Median depth and average speed were computed for each line at each 
reference point.  The difference in median depth were computed and correlated with the 
appropriate average speeds to plot overall Squat and Settlement.  
  
All measurements were corrected for pitch, roll, and reduced to the vessel’s common reference 
point (CRP) in the CARIS vessel configuration file, HVF.  It should be noted that a pitch offset 
of 5.850 deg was entered due to the MBE pole mount being cranked too far aft-ward, since any 
vertical shift in this behavior is negligible this had no affect on the validity of the test.  Heave 
was removed so that the long-period heave would not produce bias in the dynamic draft 
calculations.  A tide file was created using the average difference in depth between each pre and 
post corresponding reference point.  Procedures were taken from Settlement and Squat 
Procedures Using the Multibeam Echo Sounder Method (see below for charted and table results). 
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Figure 2 - M/V R&R Settlement Curve 
 

The results of the squat settlement test for the EM 3002 are shown below. 
 

 
 

 
Table 1 

 
M/V R&R EM3002  

CALCULATED SETTLEMENT  
 Speed (kts) Settlement  
 0.000 0.000  
 3.973 0.059  
 4.947 0.065  
 5.765 0.067  
 6.945 0.037  
 8.034 -0.012  

 
 

 
Note: Vessel speed was noted on the survey line logs, and the settlement values were 
entered into the CARIS HVF so HIPS could perform the correction automatically during 
merge. 
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C.3 Static Draft 

 
Static draft was measured immediately before and after daily survey operations. These were 
measured on the pole mount on the port side.  The MRU draft (vessel reference point Z value) 
was marked as 0 on the pole; 30 cm were then notched along the pole in each z direction (up and 
down) in 1 cm increments.  Over the span of the entire survey the average draft was -0.166m 
with a standard deviation of 0.007m.  Refer to table 2 below for draft values. 
  

Table 2: M/V R&R Static Draft Measurements 
Date Time Draft (m) 

2010-238 12:30 -0.17 
2010-239 5:00 -0.16 
2010-242 5:00 -0.17 
2010-244 22:30 -0.16 
2010-250 11:45 -0.17 
2010-251 12:30 -0.18 
2010-252 12:30 -0.17 
2010-253 12:00 -0.17 
2010-253 21:30 -0.16 
2010-254 12:30 -0.17 
2010-256 11:00 -0.16 
2010-259 22:00 -0.15 
2010-261 14:30 -0.17 
2010-264 12:00 -0.16 
2010-267 12:30 -0.17 
2010-270 22:15 -0.16 

 
 

C.4 Tides 
 
All sounding data were initially adjusted to MLLW using observed tidal data and tide zoning 
corrections (supplied by CO-OPS) from the Bar Harbor tide station (8413320).  Observed tides 
were used for preliminary processing only. Verified tides were downloaded from the NOAA 
database for the Bar Harbor tidal gauge on October 07th, 2010. Verified tidal data were used for 
all final base surfaces. 
 

C.5 Vessel Attitude 
 
The M/V R&R’s heading and dynamic motion were measured by the IXSEA OCTANS III 
(IMU). The system calculated heading and motion using its fiber optic gyroscope and motion 
sensor. The OCTANS was mounted just aft of the forward cabin/pilot house on the R&R at the 
vessels center of gravity.  The operational accuracy specifications for this system can be found in 
Appendix G. 
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C.6 Calibrations 
 
Multibeam patch tests were conducted on site each day of MB operations. 
 
Pitch and roll offsets for the M/V R&R proved to be an issue due to the configuration of the 
EM3002 transducer mounting pole (which was re-fabricated and modified over the course of the 
first week of survey operations).  Each day the mounting pole was winched tightly into the 
waterline bracing arm.  Even though no visible difference between days could be observed on 
deck it became apparent in the data that we were getting a fraction of a degree in pitch and roll 
offset variation, the standard deviation of which was 1.175 degrees for pitch and 0.153 degrees 
for roll over the course of the entire survey (these values are also highly affected by the pole 
refabrication).  These variations were accounted for by running 3 patch test lines each day for 
calibration purposes.  The end result shows no significant errors in pitch, roll or yaw. 
 
All calibration lines and vessel files (HVF) are included in the digital data deliverables.  Please 
see Appendix H for the calibration report and procedures. 
 
The Seabird CTDs used aboard the R&R (SBE-19 and SBE-19+) were each calibrated at the Sea 
Bird headquarters in August 4th, 2010.  
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D – APPROVAL SHEET 
 
 

REGISTRY NUMBER H12256 

 

 

This report and the accompanying digital data are respectfully submitted. 

 

Field operations contributing to the accomplishment of project H12256 were conducted under my direct 
supervision with frequent personal checks of progress and adequacy.  This report has been closely 
reviewed and is considered complete and adequate as per the Statement of Work. 

 

 

 

WILLIAMSON AND ASSOCIATES, INCORPORATED 

 

 

 

 

Donald L. Brouillette 

Hydrographer 

Williamson & Associates, Incorporated 

12 October 2010 
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M /V  R & R  
MV R&R is a custom built 48' Chesapeake and is well equipped for coastal research along with personnel 
movement ranging from day trips to extended cruises up and down the eastern seaboard. 
The MV R&R is well equipped to support research, dive tending, and deployment of ROV's, bottom 
sensors, and Helix moorings. Currently outfitted davits capable of a 1500 lb. lifting capacity, open deck 
and open deck space of 17' x 25'.  
Specification
Deck Space 

• Main Deck: 17'x25' (425 sq. ft.) 
• Fly Bridge: 16'x16' (256 sq. ft.) 

Mid Transom Davit 
• Power In & Out Winch: 1500 lb. capacity 
• Free Spool & Planetary Clutch Brakes 

Side Mount Davit 
• Hand Crank Winch 350 lb. CapacityDive 

Ladder 
• Fresh & Saltwater Wash Down 
• Chain Hoist 
• Block & Tackles 
• 3 Point Anchor Capability 
• (3) Steering Stations Main Cabin/Aft 

Deck/Fly Bridge 
• 11' Inflatable 8 HP OB 
• Main Deck Payload Capacity: 7840 lbs. 

Two-ton A-frame with winch & slip ring 
Engines 

• Main Engines: (2)3208 Cats - 435 HP 
each 

• Gen-Set: Isuzu 6.3 KW 
• Trolling Valve Port Engine 

LOA: 48' 
• Height: 25' 
• Draft: 4' 6" 
• Fuel Capacity: 400 Gallons 
• Range @ Cruising Speed: 18 Knots 240 

NM @ 30 GPH 
• Beam: 18' 
• Weight: 25 Gross Tons 

Electronics 
• 36 Mile Furuno Radar 
• Furuno Chart Plotter 
• Furuno Color Depth/Speed/H20/H20 

Temp (50/200k) 
• Hand Held GPS/VHF 
• Standard Horizon VHF 
• (2) Remote Spot Lights 
• (2) Loud Hailer & Intercom Systems 
• 110 Outlets throughout Vessel  
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Nomenclature - Software Model Serial Number Comments 

QPS Navigation Software QINSy  Version 8.0 Release 8.00.2010.03.01 

Seabird Seaterm Software   Version 1.59 

Kongsberg SIS Software SIS 4F4B1DBF Version 3.7 

Microsoft Office 2007 Word, Excel   

OCTANS Software Repeater 3453-470  FrmWOCTANS V10_88_36_96 
AlwaySync   Version 10.5.1 
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Nomenclature - Equipment Model Serial Number Comments 

Furuno AIS/DGPS FA-150 16764 Transponder FA1501 S/N 3552-7456 

Hemisphere Beacon Receiver MBX 4 0923-9416-0006  

IXSEA Gyro/MRU OCTANS 3453-470  

Trimble DGPS SPS-851 4822K56259 Zephyr Model 2 Antenna S/N 30941425 

Trimble DGPS SPS-851 4822K56260 Zephyr Model 2 Antenna S/N 1440912525 

Navigation Computer Windows 7 Survey 3   

Multibeam SIS computer Windows XP SP3 HWS15  

Kongsberg MB processing unit EM3002 1103  

Seabird CTD SBE 19+ 19P46434-5077  

Seabird CTD SBE 19 1916199-1767  

AML Smart SVS AML Smart SVS 4179  
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Calibration checks of the R/V R&R multibeam sonar system: EM 3002 

25th of September 2010 

The multibeam sonar system used for this project was pole mounted on the port side.  Installation 
offsets relative to the ship’s reference point origin (POS/MV IMU in this case) were measured during the 
physical installation of the system and calibrated during acceptance testing.  These offsets included 
pitch, roll and yaw. 

Lines were planned to test for offsets in latency (GPS <-> sonar), pitch, roll, and yaw.  Latency, pitch, and 
yaw lines were run over a sloping seafloor and roll lines over a flat seafloor.  Data from the EM3002 was 
acquired along calibration line segments.  Latency lines consisted of two runs of the same line in the 
same direction, but different speeds.  An along-track cross section of near-nadir beams of the 
overlapping lines were then inspected in CARIS HIPS Calibration Editor.  Pitch lines were run over the 
same line in opposite direction.  Similar to latency, near-nadir beams were inspected for any noticeable 
offset.  Yaw lines consisted of two parallel lines run in the same direction over a slope, spaced at 30 
meters distance in 10 meters water depth so the outer beams overlapped.  The overlapping outer 
beams were then examined for offsets against the slope feature.  Roll lines over a flat seafloor were run 
overlapping in opposite directions.  A cross-track section was then examined for roll bias.  
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EM 3002 Multibeam Echo Sounder 

 

 

 

 

 

 

Calibration analysis:  The measured and installed offset for pitch angles input by 
the Kongsberg install team has been validated by this calibration routine.  Due to 
the pole mount configuration and deployment daily offsets were tested for and 
input into CARIS. 

Standard Dev: 1.175 

Average Pitch Value: 2.116 
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EM 3002 Multibeam Echo Sounder 

 

 

 

 

 

 

Calibration analysis:  The measured and installed offset for roll angles input by the 
Kongsberg install team has been validated by this calibration routine.  Due to the 
pole mount configuration and deployment daily offsets were tested for and input 
into CARIS. 

Standard Dev: 0.153 

Average Roll Value: -2.91 
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EM 3002 Multibeam Echo Sounder 

 

 
Calibration analysis:  The measured and installed offset for yaw angles input by the 
Kongsberg install team has been validated by this calibration routine.  Due to the 
pole mount configuration and deployment daily offsets were tested for and input 
into CARIS. 

Standard Dev: 0.804 

Average Yaw Value: -2.372 
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