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A. EQUIPMENT 
 
The major operational systems used to acquire hydrographic data were the Simrad 

EM3002 multibeam echo sounder, the Klein 5000 side scan sonar.  A combination of PCs 

and Sun Workstations were used to collect and process the data.  All computers were 

networked to allow for precise time tagging and georeferencing of the data, and for 

efficient data transfer. 

 

System Manufacturer Model 
Multibeam Sonar Simrad EM3002 
Side Scan Sonar Klein 5000 

Single Beam Sonar ODOM Echotrac DF3200 MK II 
Motion Sensor Applanix POS MV 

Primary Positioning System CNAV 2050 
Secondary Positioning System CNAV 2050 
Tertiary Positioning System Applanix POS MV 
Sound Speed at Transducer Endeco YSI 

Sound Velocity Profiler Seabird SBE19 Plus 

A.1 SURVEY VESSELS 

Survey operations were conducted aboard the Inez McCall.  This 108-foot survey 

vessel was leased from Cameron Offshore Boats, of Cameron, Louisiana.  A vessel 

diagram and specifications chart is included in Appendix A.  The diagram shows all 

offsets from the vessel center reference points to the antennas and to all survey 

equipment.  The specifications of the vessel include the registration number, capacity, 

and equipment. 

A.2 SINGLE BEAM SONAR OPERATIONS 

An Odom Echotrac was used to collect single beam data.  This data was continuously 

recorded and monitored in real-time as an independent check of the nadir beam 

(bottom-detect) of the multibeam sonar system. 
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A.3 MULTIBEAM SONAR OPERATIONS 

Survey operations were conducted using a single head Simrad EM 3002.  The 

transducer head was mounted at the base of a pole attached to the bow of the vessel.  

Multibeam sonar operations were conducted in a manner such that the accuracy and 

resolution standards set forth in Section 5.2 of the Specifications and Deliverables 

document were met.  The swath was reduced to an angular sector of 45° to 60°, which 

provided over 2 times water depth of coverage and ensured that the detection criteria 

of being able to detect a 2 x 2 x 1 meter object was met.  The survey speed was 

generally held to under 8.5 knots, and with a ping rate of 10-15 per second, the 

criterion of 3.2 beam footprints per 3 meter along track distance was easily met. 

 

C&C Technologies’ proprietary Hydromap software was used for multibeam data 

collection, quality assurance, and quality control.  Simrads SIS (Seafloor Information 

System) software was used as the control software for the multibeam.  This software 

allowed sound velocity, attitude, and position to be applied realtime.  Data was then 

sent to Hydromap to be recorded.  During data collection, the quality of the data was 

monitored in real time.  The display included a coverage map, several ping display 

waterfalls, and other parameter displays.  These tools allowed the operator to monitor 

coverage, compare between single beam and multibeam depths, compare between the 

different positioning systems, and identify any ray-bending effects in real time.  

Corrective measures were made whenever necessary, ensuring that only quality data 

was collected.  In cases where reruns were necessary due to degraded quality of data 

or due to lack of coverage, this was recorded and the data later rerun. 

 

A.4 SIDE SCAN SONAR OPERATIONS 

The Klein 5000 side scan sonar was operated in a towed configuration.  The tow point 

was at the stern of the boat, 17.97 meters astern of the vessel reference center.  
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Survey operations were conducted at speeds between 4 and 8.5 knots, exceeding the 

requirement that a 1-meter target be ensonified a minimum of three times per pass.  

The side scan sonar was operated at a range scale of 100 meters for all main lines, and   

was reduced to 50 meters for investigation work.  Due to the shallowness of the 

water, the side scan sonar was frequently towed at heights of less than the required 8 

to 20 percent of the range scale.  Confidence checks were performed a minimum of 

once a day. 

 

Chesapeake Technologies SonarWiz software was used for data collection and 

processing of the side scan sonar data. 

B. QUALITY CONTROL 

B.1 MULTIBEAM  

All multibeam and single beam data collected for OPR-K354-KR-09 was 

processed using Caris Hips and Sips 6.1.  Prior to importing any sounding data 

into Caris, a Hips vessel file (.hvf) was created.  This vessel file includes 

significant physical dimensions of the vessel, as well as error estimate values for 

all major equipment integral in the collection of the data.  Error estimates 

assigned to the survey equipment utilized in determining the ships dimensions and 

physical offsets between equipment were based upon the manufacturers 

specifications.  Error estimates assigned to major survey equipment used in 

determining water depths and horizontal positions were based upon manufacturers 

specifications as listed within the TPE resource link provided on the Caris web 

page.  The vessel file used for this project is included in the Caris project 

submitted in conjunction with this report. 

 

In order to allow for more efficient processing of the data, subareas were treated 

as independent surveys.  Following the completion of processing of all subareas 
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within a survey, the areas were combined into a single project on an external USB 

hard drive for submission to the Atlantic Hydrographic Branch for review. 

 

Caris project directory structures were created according to the format required by 

Caris.  All lines converted were assigned a project, vessel, and day.   

 

Multibeam data collected was reviewed in the swath editor, and erroneous 

bathymetry was rejected from the project.  

 

Separate BASE surfaces were created for each subarea.  BASE surfaces were 

named as recommended by the NOAA Specs and Deliverables.  All BASE 

surfaces were created as uncertainty surfaces with a single resolution of 2 meters.  

All BASE surfaces were created based upon the IHO Order 1 standards.   

 

The standard deviation layers of the BASE surfaces were used as a basis for data 

cleaning.  Areas of high standard deviation were investigated by all means 

appropriate, including the subset editor, swath editor, and comparison to side scan 

sonar data.  If data was found to misrepresent the seafloor, it was rejected.   

 

All contact investigation data was cleaned in the swath editor before being 

incorporated into a BASE surface.  After data was cleaned in swath editor, the 

data was reviewed in the subset editor and, if needed, a designated sounding was 

assigned to the least depth sounding of an identified contact. 

 

After all data had been cleaned, and all least depths on contacts had been 

designated, all BASE surfaces were finalized for submission.  
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B.1.2 PARAMETERS 

During collection the swath width was ran between 100 and 110 degrees. A high-

density setting was used in the SIS software to increase the ping rate during 

collection, and no angular restrictions were used.  Multibeam coverage 

requirements were greatly exceeded.   

  

B.2 SIDE SCAN   

B.2.1 REVIEW PROCESS 

All sidescan data was reviewed at least twice.  The side scan operator reviewed all 

data during collection and noted in the survey logs any significant features or 

surface/water column effects.  The data was then reviewed for a second time by a 

geoscientist. 

 

The reviewer first decided the order in which to view the lines.  Since we were 

producing mosaics as proof of coverage it was best to view all lines in the first 

100% first and then the remaining lines second.  This way the coverage map that 

was generated during the review process contained only the data for the lines that 

were to be used for that particular mosaic (first or second 100% coverage). 

B.2.2 CONTACT SELECTION 

As each line was reviewed sonar contacts were tagged and recorded.  All contacts 

with shadows were recorded.  All existing infrastructure, such as pipelines, wells, 

platforms, and buoys was tagged, as were other features.  All contacts which 

displayed a height of 1 meter or greater, calculated from shadow length, were 

deemed to be significant within water depths of 20 meters or less, per Attachment 

#1 of the Statement of Work; Specifications and Deliverables.  Other contacts 

may have been deemed significant based on their characteristics (dimensions, 

strength of return, etc.).  Contacts were tagged, recorded and plotted in AutoCAD.  
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Sonar contacts from adjacent lines were correlated and noted in the sonar contact 

table.   

B.2.3 PROOF OF COVERAGE 

As the geoscientist reviewed the data a coverage map was produced.  Any gaps in 

coverage were noted, logged in the rerun log, and brought to the attention of the 

party chief and the operators on shift. 

 

For the coverage map requirement of the interim and final deliverables, we 

submitted side scan sonar mosaics.  A mosaic for each 100% of coverage was 

submitted.  These mosaics served as another quality control tool.  The mosaics 

were not only used for coverage but could be used to correlate contacts seen on 

adjacent lines.  The mosaic images were also overlain with the nautical charts, 

sonar contact plot and bathymetry data to give a full picture of the survey area. 

 

C. CORRECTIONS TO ECHO SOUNDINGS 

C.1 INSTRUMENT CORRECTIONS 

No instrument corrections were necessary. 

C.2 VESSEL CONFIGURATION CORRECTIONS 

Prior to survey operations, offsets to the antennas and other survey equipment were 

measured.  Offsets were measured from the Central Reference Point (CRP) to all 

relevant points on the survey vessel (bow, stern, antennas, transducers, etc.) using 

traditional survey techniques incorporating plumb bobs, tape measures, and digital 

levels.  CRPs were established as an arbitrary point on the central along track axis of 

the vessel within one meter of the multibeam, and single beam echo sounders.   

 

The results of the vessel survey are shown in diagram form in Appendix A. 
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C.3 STATIC AND DYNAMIC DRAFT CORRECTIONS 

A Settlement and squat test was performed before the start of survey operations.  The 

vertical corrections applied to the data, described in the following chart, varied with 

speed.  All values were post applied in Caris.  

 

Inez McCall (07/08/2009) – Performed south of Cameron, LA in the Gulf of Mexico 

Vertical Correction (m) Speed (m/s) 
0.029 1.54 
0.034 2.06 
0.095 3.09 
0.156 4.12 

 

 

The Inez McCall is equipped with a draft tube, which was read at least once daily 

while at sea.   Water level/draft entries were updated in the system as required.  

 

Lead lines were performed on a daily basis aboard the vessel.  In larger sea conditions 

and water depths greater 10-12 meters, leadlines were not taken in order to avoid 

misreadings. 

C.4 VESSEL MOTION CORRECTIONS 

A POS/MV motion sensor was integrated with the multibeam echosounder aboard the 

Inez McCall to provide real-time heave, pitch, and roll corrections.  The POS MV 

also provided Tertiary navigation for the vessel. 

 

Prior to the survey, a standard patch test was performed to determine correctors for 

latency, pitch, roll, and heave.  Patch tests were performed in the following manor.  

 

Latency: 

Two lines were run directly over the same target.  The line was run once at a slow 

speed (<4 knots) and again at a fast speed (>8 knots).  The location of the target was 



Data Acquisition and Processing Report 
OPR-K354-KR-09    

    . 
 

 
8 

inspected and had there been a difference in its location on each of the passes, latency 

would have been calculated.  No timing error was detected. 

 

Pitch: 

A set of reciprocal lines was run over the target at a low speed. 

 

Heading: 

Two sets of collinear reciprocal lines were run  

 

Roll: 

A set of collinear, reciprocal lines were run. 

 

The results of these tests are shown in the table below. 

 

 Inez McCall (June.10, 2009 – South of Port Fourchon, La.): 

Roll Pitch Heading 
-4.557° 9.3° 3.28° 

 

C.5 SOUND VELOCITY CORRECTIONS 

A Sea Bird Electronics 19plus CTD was used for speed of sound measurements.  

Casts were performed at least once daily and more often as needed.  The multibeam 

data was corrected for the water column sound velocity in real-time.  The mean water 

column sound velocity was applied to the single beam echosounder data.  Endeco YSI 

sound speed profiles were used to determine sound speed at the transducers. 

C.6 TIDE AND WATER LEVEL CORRECTIONS 

Tide and water level corrections were applied as set forth in the Statement of 

Work.   

 



Data Acquisition and Processing Report 
OPR-K354-KR-09    

    . 
 

 
9 

Tides were applied to all data in Caris using tidal data downloaded form the 

NOAA CO-OPS website, and corrected using a tidal zone definition file (.zdf) 

supplied by NOAA.  This zone file, called K354KR2009CORP.zdf, uses station 

number 8762075 (Port Fourchon, LA) as the primary gauge, and station number 

8761724 (Grand Isle, LA) as the secondary gauge.  Because there were no gauge 

outages during the survey, station 8761724 was not used for any tide corrections. 

 

The image below shows the layout of the tide zones within the survey area.   

 

 
 

The tide (.tid) and zone definition (.zdf) files are included in the Caris projects 

submitted in conjunction with this report.     
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INEZ McCALL 
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VESSEL PROFILE 

 
Vessel Name INEZ McCALL 
 
Owner/Operator Cameron Offshore Vessels 
Flag/Home Port USA/Cameron, La 
US Coast Guard Official Number 648625 
Year Built 1982 
Place Built Biloxi, MS 
Hull Material Steel 
Official Number 648625 
Intended Service Supply Vessel 
Operational Area Gulf of Mexico 
Tonnage Certificate Issued by ABS 
Loadline Certificate Issued by ABS 
Certificate of Classification Issued by ABS full hull & machinery  
 

SPECIFICATIONS 
 
Length 108 ft. LOA 
Breadth 24 ft 
Depth 11.5 ft 
Draft (summer load) 8 ft 
Gross Tonnage 92 US regulation tons 
Net Tonnage 63 US regulation tons 
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 ODOM ECHOTRAC DF3200 MK II SINGLE BEAM ECHOSOUNDER 
 

 
This dual frequency survey echo sounder employs a high-resolution thermal 
printer, microprocessor, DSP techniques, and flat screen displays. 
The sonar transceiver, echo processor, graphical operator interface and 
hardcopy recorder are all housed in one portable, splash-proof case. The unit is 
suited to table top, bulkhead, or rack mounting and is equally for small survey 
launches as it is on large ships. Well suited for use in the shallows of rivers and 
harbors, the mission variable unit is also capable of working to depths of over 
2,000 meters. 
Features 
FREQUENCIES: Either single or dual frequency configurations of the unit are 
available: Standard frequencies are 200 and 24khZ or 210 and 33kHz. 
 
Optional frequencies:    
 
High – 100kHz to 1MHz   
Low – 10kHz to 60 kHz 
 
PRINTER: The high-resolution thin-film thermal print head measures 216mm. 
(8.5”) wide. Resolution is 8 dots/mm. (023/in) along the print axis and 8 
lines/mm along the paper axis. The unit is capable of printing up to 16 shades 
of gray. 
DISPLAY:  The Graphical LCD module (320 x 200 pixels) measures six inches 
diagonally (156.4mm). Fluorescent Back Lighting (CFL) of the paper white 
display provides excellent visibility in all light conditions. In dual frequency 
operation, both high and low frequency depth values are displayed 
continuously. 
KEYPAD:  a 16 NEMA 12 sealed unit with tactile feedback is used by the 
operator for parameter selection and numerical value entry. Ten digits, Up, 
Down, Left, and Right arrow keys, Decimal Point/Help and Enter keys are 
provided. 
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DIGITIZER: The bottom tracking capabilities of the unit are enhanced by 
utilizing the DSP capabilities of the digitizer processor. These DSP algorithms 
yield reliable bottom detection even in the presence of high ambient noise and 
multiple returns. 
Communications 
INTERFACING & ANNOTATION: Four bi-directional RS-232 serial ports are 
standard. Depth information is output after each sounding cycle with the 
standard string including values for both the high and low channels in dual 
frequency operation. Output strings conforming to other major echo 
sounder formats are available. In addition, system parameters can be 
configured via comm1. The ECHOTRAC accepts annotation of up to 80 
characters (printed on the Fix Mark Line). Standard NMEA formats from GPS 
receivers as well as proprietary strings from positioning and navigation 
systems can also be annotated on the chart. Interfacing to data acquisition 
systems is asynchronous and does not require handshaking. 
Controls 
ANALOG CONTROLS: Immediate access to critical analog controls is via front 
panel potentiometers and switches. They include: Receive Sensitivity, AGC 
(Automatic Gain Control) Transmit Power, and Threshold (digitizer level). 
Also mounted on the front panel are controls for the printer including: 
Chart ON/OFF, Paper advance, Paper Take-up, and Mark. 
 
Specifications: 
 
Frequency  200 kHz 
Output Power  500 Watts 
Power Requirement 18-32 VDC 
   110/220 VAC (50/60 Hz.) 
Ports   RS 232 
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KLEIN 5000 SIDE SCAN SONAR 
 
Conventional side scan sonar systems use a single sonar beam per side to generate an 
image of the seafloor.  The physics of this type of sonar results in degradation of image 
resolution with range and requires speeds of 5 knots or less to insure 100 percent bottom 
coverage.  From a design perspective, both of these shortcomings can be eliminated by 
designing a side scan sonar that, through beam steering and focusing techniques, 
simultaneously generates several adjacent, parallel beams per side.  This design approach, 
principally employed by military side scan sonar systems designed for high-speed mine 
hunting applications, has been prohibitively expensive for commercial operations.  Klein 
Associates is the first commercial company to offer a multi-beam side scan sonar using 
similar design techniques to military sonars, but at a fraction of the cost. 
 
The two main benefits of the high-speed, high-resolution 5000 systems are:  higher 
towing speeds with no loss of bottom coverage and range independent high-resolution 
imagery capability.  Since operation costs are dependent on the amount of at-sea time 
required to complete a survey, the new Klein 5000 Multi-Beam Side Scan Sonar Systems 
with survey speeds more than twice that of conventional side scan sonars, minimize at-
sea time, thus greatly reducing survey costs. 
 
The sonar system consists of a towfish, tow cable, transceiver/processor unit (TPU), and 
a PC display and control unit for viewing data.  The stainless steel towfish incorporates 
two multi-channel acoustic arrays and a pressure bottle that houses all of the electronics 
and sensors necessary for sonar data acquisition, attitude sensing, system control and 
telemetry.  The sonar and sensor data is transmitted up the tow cable via a high-speed 
digital telemetry link, requiring only a single coaxial or fiber-optic cable.  The surface 
mounted TPU receives this data, performs all necessary digital processing functions on 
the acoustic data, and relays control command to the towfish.  Processed data is then 
distributed to one or multiple PC Display and Control Units (DCU) via a 100 Base T 
Ethernet LAN Network where the tasks of data viewing, storage and analysis can be 
accomplished. 
 
The Klein 5000 is a 5-beam side scan sonar designed for hydrographic applications 
requiring high- resolution images of the seafloor and bottom obstructions while operating 
at tow speeds up to 10 knots and with an overall swath width of 300 meters.  Applications 
of the side scan sonar include hydrographic surveys, mine hunting, pipeline surveys, 
debris searches, archaeological surveys, geologic surveys and autonomous underwater 
vehicle surveys.  Specifications for the Klein 5000 are outlined below: 
 
Towfish 
Number of beams:  5 Port / 5 Starboard 
Frequency:   455 kHz 
Pulse Length:   50 to 200 usec.  (operator selectable)  
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Resolution Along Track: 20 cm @ 75 meter range, thereafter increasing to a 
maximum of 36 cm @ 150 meter maximum range 
Resolution Across Track: Determined by selected pulse length 
Operating Speed Envelope: 2 – 10 knots @ 150 meter maximum range 
Sonar Digitization: 12 bit / channel 
Maximum Operating Range: 150 meters (300-meter swath) 
Array Length: 120 centimeters (47.2 inches) 
Body Length: 194 centimeters (76.4 inches)  
Body Diameter: 15.2 centimeters (6 inches) 
Weight in air: 70 kg (155 lbs.) 
Sensors: Heading, pitch, roll, temperature and pressure 
Tow Cable: Coaxial or fiber 
 
Transceiver Processor Unit 
Width:    19-inch rack mount 
Height:   13.2 centimeters (5.2 inches) 
Depth:    54.6 centimeters (21.5 inches) 
Weight:   12.7 kilograms (28 pounds) 
Voltage:   115/240 VAC; 50/60 Hz 
Power:    120 Watts 
Navigation Input:  NMEA 0183 
Data Output:   100 Base-T Ethernet LAN 
PC Display/Control Unit: Klein ruggedized or customer supplied PC 
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C-NAV DIFFERENTIAL GPS 
 
C-Nav is a globally corrected differential GPS system owned and operated by C & C 
Technologies, Inc. The C-Nav GPS Receiver combines a dual-frequency, geodetic grade, 
GPS Receiver with an integrated L-BAND communication RF detector and decoder all 
linked by an internal microprocessor.  C-Nav uses monitoring stations strategically 
located around the globe to provide worldwide accuracies in the order of 0.25m (1 
sigma)*.   
 

 
 
The technique, developed by the Jet Propulsion Lab for the National Aeronautics Space 
Administration, uses a global network of reference stations to track the entire 
constellation of GPS satellites.  The raw GPS observations are transmitted via the Internet 
back to the Network Control Center where the GPS constellation satellite orbital 
corrections and clock-offset values are calculated and modeled in real-time.  These 
corrections are universally valid and can be applied to GPS measurements from any 
location on earth. 
 
The multi-function antenna assembly is capable of receiving the L1 and L2 GPS 
frequencies as well as the Inmarsat L-BAND receive frequency band.  The gain pattern of 
this antenna is designed to be relatively constant even at lower elevations.  This allows 
for an efficient link budget when the unit is operated at higher latitudes where the 
elevation of the geo-stationary communication satellite is low and close to the horizon.  
Atmospheric delays are eliminated from local measurements by comparing the L1 and L2 
frequencies in the internal GPS receiver. 
 
The C-Nav GPS System provides an output of RTCM (Type 1) pseudorange differential 
correction messages via a second RS232 interface.  Raw GPS observation information 
can be collected from the C-Nav GPS Receiver system for recording and analysis.  The 
raw GPS observation information can be converted to RINEX ASCII data (observation 
and navigation) file format as and when required. 
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The C-Nav GPS Receiver requires at least four (4) usable GPS satellites to compute a 
three dimensional (3D) solution.  The C-Nav GPS Receiver will yield an autonomous 
horizontal position accuracy of 2 to 5 meters (1 sigma), depending on the GPS satellite 
geometry configuration and tracking (DOP index values). 
 
 
 
  

C-Nav Data Plot 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Receiver Specifications: 
Features 
Real-time sub meter accuracy 
Single integrated package – simple installation 
Rugged, waterproof housing 
Wide-range (10-40VDC) power supply 
RTCM and NMEA {GGA, GSA, RMC, VTG, ZDA) outputs 
Patented multipath mitigation significantly reduces noise 
Geodetic quality dual frequency GPS virtually eliminates ionospheric effects 
Performance  
L-band receiver frequency 
Automatically selected 1525 to 1560 MHz 
GcGPS Accuracy: 
Position (H):      <30cm 
Position (V):       <70cm 
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{1–sigma and HDOP ≤ 1} 
Velocity             <0.02m/s 
Time to first fix:   Cold Start:  90 sec(typical) 
Reacquisition  
Coast for 30 sec with GPS lock     <2sec 
L-band loss with less than 30 sec with GPS lock <30 sec 
Physical/Environmental 
Size:  9.2 in (H) x 7.2 in (D) (24.8 x 18.7 cm) 
Weight:  5.5 lbs (2.4 kg) 
Power:  Input voltages: 10-40 VDC 
 Consumption: <10W average power 
 1.2 A max @12 VDC 
I/O Connector 8 pin waterproof connector 
Temperature:  Operating: -20°C to +70°C 
Storage: -40°C to 85°C 
Humidity: 100% non-condensing 
 
Display Unit Specifications: 
Features 
4 x 20 character LCD screen 
12 key membrane button input pad 
Rugged, stainless steel housing 
Wide-range (20-40VDC) power supply 
RTCM and NMEA and raw data outputs 
Physical/Environmental 
Size:  9.6 in (L) x 6.7 in (W) x 3.3 in (H) (24.4 x 17.0 x 3.3 cm) 
Weight:  3.8 lbs (1.75 kg) 
Power: Input voltages: 20-40 VDC 
Consumption: <1W average power 
100 mA max @28 VDC typical 
I/O Connectors:  3 db-9, 1 cat-5 and 1 8 pin waterproof connector 
Temperature:  Operating: -20°C to +70°C 
                        Storage: -40°C to 85°C 
Humidity:  100% non-condensing 
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This report is respectfully submitted. 

 

Field operations contributing to the accomplishment of this survey 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. 

 

 

 

 
 

John Baker 

Chief of Party 

C&C Technologies 

January 2010 
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