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1 Introduction 
 
The following document describes a high resolution multibeam sonar bathymetric survey which 
was conducted for Lockheed, by TetraTech, Inc, on May 20, 2006.    The multibeam sonar 
system provided a high resolution, full bottom coverage, bathymetry of the area in the vicinity of 
the Lockheed Shipyard 2 project site, from which contour lines and hill-shade maps (hard copy 
and electronic) digital terrain models where created.   

The survey data was collected to chart bottom features and provide detailed bathymetric data to: 
1) support future site characterization activities; 2) determine bathymetric anomalies; and 3) 
provide data for potential remedial designs.  Additionally, the collected data may also be used to:  
1) analyze bottom substrate composition; and 2) evaluate sediment transportation.  

The survey was conducted in accordance with the procedures in the US Army Corps of 
Engineers Manual 1101-2-1003, Engineering and Design Hydrographic Surveying.  

Table 1 lists the personnel and their roles in the survey. 
 

Table 1 – Survey team 

Company Personnel 
TetraTech EC, Inc. Robert Feldpausch - Hydrographer 

Burton Bridge - Hydrographer 
Sound Vessels, Inc. Lou Schwartz – Vessel Captain 

 
2 System Setup 
 
The survey systems were installed on the R/V Brendan D, a 32 foot research vessel owned by 
Sound Vessels, Inc., of Port Townsend, WA  The equipment used for the survey is shown in 
Table 2.  Data sheets for the main survey systems are included in Appendix C. 

 
Table 2 - Survey Equipment 

Sensor Type Manufacturer/Model 
Multibeam Sonar RESON SeaBat 8125 
Motion Sensor Applanix WaveMaster 
Heading Applanix WaveMaster 
Position  Leica 1230 RTK GPS 
Sound Speed Profiler SeaBird SBE-19 
Tide Corrections Leica 1230 RTK GPS 
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Data collection and navigation software for the bathymetry survey was Hypack®/Hysweep®.  
The data were processed and data products generated using a combination of Hysweep, IVS 3D 
Fledermaus, and ESRI ArcGIS. 
 
Software settings for bathymetry data acquisition include the serial I/O configuration and sensor 
offsets in Hypack, and Hypack Navigation device offsets in the Hysweep hardware 
configuration.   
 

 
Figure 1 - R/V Brendan D 

 

2.1 Interconnections 
 
Figure 2 shows the data flow and communications setup for the devices which make up the 
survey system.  Table 3 lists the settings for each of the data communication links. 
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Figure 2 – 8125 Multibeam Survey System 
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Table 3 - Communications Settings 

Device Communications link Settings 
8125 SeaBat Network imagery data out Local IP 192.168.1.25 

Remote IP 192.168.1.100 
UDP base port 1032 

8125 SeaBat UTC time sync in COM 1 – 9600, N, 8, 1 
Applanix 
WaveMaster 

TSS1 roll, pitch, heave out 19200, N, 8, 2, 50 Hz update 

Applanix 
WaveMaster 

NMEA HDT heading 19200, N, 8, 1, 5 Hz update 

Leica position NMEA GGA position 19200, N, 8, 1, 10 Hz update 
Leica time NMEA ZDA time 19200, N, 8, 1, 1 Hz update 

 

2.2 Device Offsets 
 
Device offsets are precisely defined for the multibeam sonar, attitude sensor and GPS antenna, so 
that the Hypack/HySweep acquisition software can accurately convert the input sonar and 
support sensor data into XYZ soundings on the earth. 

2.2.1 Hypack/Hysweep Offsets  
 
The following offsets, in feet, were used for the Hysweep sensors: 
 

Table 4 - Sensor Offsets (feet) 

Sensor Across Along Vertical 
SeaBat 8125 1.84 0.00 3.08
Motion Sensor (Applanix WaveMaster) 0.00 0.00 -4.50
Hypack Navigation (Leica RTK antenna) 1.84 0.00 -11.78

 

2.3 Sonar Mount 
 
The sonar head was mounted to the vessel using a side mount pole, shown in Figure 1.  The 
mount is rigidly attached to the side of the vessel, with the Leica GPS antenna mounted on an 
extension pole, directly above the sonar. 
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2.4 Geodesy Settings 
 
The geodesy settings shown in Table 5 were used for the project. 

 

Table 5 - Survey Geodesy Settings 

Parameter Setting 
Grids State Plane NAD-83 
Zone WA-4601 Washington North 
Distance Unit US Survey Feet 
Depth Unit US Survey Feet 
Ellipsoid NAD-83 
Geoid NAVD 88 
Vertical Datum Port of Seattle MLLW (geoid height – 2.59 ft) 
Horizontal Control WA DOT Duwamish SY4595 – ID 6242 
Vertical Control WA DOT Duwamish SY4595 – ID 6242 

 
The elevations output by the Leica RTK were referenced to the NAVD88 geoid.  Corrections to 
the Port of Seattle MLLW datum were made in the Hypack Max® sensor offsets.   

2.5 GPS Reference Station 
 
The RTK base station was set up over Washington Department of Transportation (DOT) 
benchmark SY4595, as shown in Figure 3.   The agency provided description of the control point 
is shown in Appendix D. 
 
3 Survey Procedures 
 
This was a project condition survey to assess the bottom topography and the presence of man-
made debris in the area of the shipyard.  To provide the highest possible resolution, a RESON 
SeaBat 8125 multibeam sonar was used.  This system is currently the highest resolution 
commercial multibeam sonar on the market.  It has an along-track beamwidth of 1.0 degrees and 
an across-track beamwidth of 0.5 degrees normal to the array, increasing to 1.0 degrees at +/- 60 
degrees.  The support sensors, used to measure vessel attitude (roll, pitch, heave), position, 
heading, and sound speed through the water column, were selected to ensure that the associated 
accuracies commensurate with the accuracy and resolution of the sonar. 
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Figure 3 - RTK GPS Base Station - Duwamish Benchmark 

 

3.1 Position/height 
 
To compensate for tides, vessel squat and settlement and varying draft due to vessel loading, 
RTK GPS was used for both position and height.  Tetra Tech staff set up a RTK base station on 
the WA DOT monument shown in Table 5 and Appendix D.  The rover unit was then taken to 
monument GP17099-241 and the position compared to that of the monument.  In the comparison 
between the position reported by the rover GPS and the published position of the monument, all 
X, Y and Z values matched to within 5 cm.  The locations of the base station (Duwamish 
monument) and the monument used for QC are shown in Figure 4. 
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Figure 4 - Monument Locations 

 

3.2 Sensor Offset Measurements 
 
All sensor offsets were measured relative to the XY position of the Inertial Measurement Unit 
(IMU), with the waterline as the vertical reference.  All measurements were done at the dock, in 
calm water, using a tape measure. 
 
The measured offsets were compared to those done for the preceding survey, and matched, 
except for small changes in the draft of the multibeam sonar head, due using a different model 
sonar, with different brackets and size, and the height of the GPS antenna above the waterline.  
The latter is expected to change with changes in vessel loading.  The vertical offset between the 
GPS antenna and the acoustic center of the sonar is a critical measurement, and was checked by 
two of the survey staff. 
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3.3 WaveMaster GAMS Calibration 
 
Prior to performing the patch test, an alignment test was performed on the Applanix WaveMaster 
motion and heading sensor.  This procedure, called a GAMS calibration by Applanix, uses 
software built into the WaveMaster, while the vessel is maneuvering, to calculate the offsets 
between the system’s two GPS antennas.  This allows the system to align the heading with the 
vessel and provide the full specification measurement accuracies (see Appendix B). 

3.4 Patch Test Results 
 
A standard patch test was carried out within the survey area to determine the calibration offsets 
between the multibeam echosounder and the motion reference unit.  The offsets shown in Table 
6 were calculated from the patch test which was conducted on 20 May 2006.  These offsets were 
applied in the data processing software to correct residual misalignments in the mechanical 
installation of the sensors, and to compensate for any latency in the positioning system.   
 
Figure 5 shows the site, the survey lines and data collected for the patch test calibration.  This 
location provided multiple distinct features, with significant changes in depth over very short 
distances along track.  This in turn provided very consistent results fromt eh processing. 
 
The data collection software was time synchronized to GPS UTC time, and the time stamp from 
the GPS position messages was used for the position data, which should provide a latency value 
of zero.  This had been verified with this same hardware and software configuration multiple 
times in the past, so a latency test was not specifically done for this survey.  Review of the full 
survey data set showed none of the position offsets that would result from a latency error. 
 

Table 6 - Patch Test Results 

Parameter Value (deg.) 
Roll  -0.3 
Pitch 0.0 
Yaw 4.0 
Latency 0.0 sec 

 
The data were processed using the Patch Test toolkit in the Hypack MB Max processing 
software, using the procedures defined in the Hypack documentation.  Collections were 
performed so that at least two independent data sets were used to derive each measurement.  No 
significant differences were observed in the results for each measurement.   
 
Figure 6 shows a check of the calculated yaw offset, with four patch test survey lines input.  This 
a cross section taken between the two parallel pairs of lines.   
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Figure 5 - Patch Test Site 
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Figure 6 - Yaw Calibration Check (4 survey lines) 

 

3.5 Sound Speed Casts 
 
Sound speed casts were performed at the beginning and end of the survey.  A comparison of the 
cast data showed no significant differences in the induced depth offsets out to the +/- 60 degree 
swath coverage of the sonar. 
 
4 Bathymetry Results 
 
The following is a description of the processing used to convert the raw collected data to depths 
and positions, and to remove invalid soundings from the processed data set. 
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4.1 Bathymetry Processing 
 
The collected data were processed in Hypack MB Max to generate the XYZ soundings, in the 
survey coordinate system and units.  The preliminary data cleaning was also done in MB Max, to 
eliminate any gross outliers induced by noise in the sensor systems or the acoustic environment.  
A subsequent area based cleaning, using the merged data from all the survey lines, was then 
conducted using Fledermaus, an advanced 3D editing application.  The results of this processing 
were then exported back to the Hypack HS2 files.   
 
As this was intended as a condition survey, and one of the objectives was to locate and identify 
debris in the project area, the data were binned in a one (1) foot grid, and the minimum depth 
value within each grid cell was used for the final data presentations.  
 

4.2 Bathymetry Results 
 
The results from the multibeam bathymetry survey are shown in Figure 7 and in Appendix A.   
Appendix C contains the survey collection logs.  Bathymetry data extended from near shore to 
approximately 192 ft below MLLW off shore. 
 
The high resolution bathymetry data shows extensive man-made debris in the area around the 
shipyard, mostly what appear to be timber pilings, lying on the seafloor.  Areas previously 
dredged, as well as deposition under existing and former piers, are clearly visible in the data.  
 
Figure 8 shows a set of 3D soundings from an area near the northeast corner of the shipyard, 
color coded for survey line.  The data clearly show a set of fully submerged, but standing pilings, 
the tops of which are as little as 3.6 feet below MLLW.   Many other pilings, some lying on the 
bottom and some tilted up are also visible.  A review of the data in this and other areas also 
shows very good correlation between the data from overlapping survey lines, another QC check 
used in processing the data. 
 
Figure 9 shows two 10 foot square blocks that were found near the north end of one of the 
former piers.  The tops of the blocks are about five (southern) and 4 (northern) feet above the 
surrounding bottom.  More piles lying on the bottom are also visible in the same area. 
 
Figure 10 shows the Digital Terrain Model (DTM) of the data around the northeast corner of the 
shipyard.  The objects sticking up near the center of the image are the same pilings shown in 
Figure 8.  They appear distorted since the DTM provides a less than perfect representation of 
vertical features.  Large numbers of piles lying on the bottom, the pattern of mounds where the 
former dry docks were located, and the mounds at the former pier locations are clearly visible. 
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Figure 7 – Lockheed Shipyard 2 Bathymetry – May 2006 
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Figure 8 - 3D Sounding Display - Multiple Piles 
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Figure 9 - DTM of Blocks and Piles 
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Figure 10 - DTM Around NE Corner of Shipyard 

 
 
5 Summary 
 
This data set provides a high resolution view of the topography in the vicinity of the shipyard 
that can be used for planning further tests, such as sediment sampling, and for locating debris. 
 
Previously unknown features, such as the pattern of mounds in the former locations of the dry 
docks have been found, and can be used in planning remediation work. 
 
The high resolution bathymetry clearly shows features 0.5 feet or less above the surrounding 
bottom.  These data can be used to locate and identify the great majority of the man made debris 
that will need to be removed from the site. 
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Appendix B. Equipment Data Sheets 
 
The following are copies of the equipment data sheets provided by the manufacturers of some of 
the systems used in the survey. 
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Appendix C. Survey Log Sheets 
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 Appendix D.  Base Station Benchmark Description 
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