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1.0 INTRODUCTION 

In March of 2008, David Evans and Associates, Inc. (DEA) conducted a hydrographic and geophysical 
survey of Lake Oswego, south of Portland, Oregon for Brown and Caldwell. The investigation included a 
high-resolution multibeam bathymetric survey, river bed imaging to assess surficial features and a 
geophysical investigation to assess subbottom conditions in support of the planned upgrade to a sewer 
interceptor, which is located within the lake. The investigation was conducted using two different vessels 
due to navigational constraints in the narrow canal areas in which DEA’s primary survey vessel could not 
operate. Multibeam bathymetric and side scan sonar survey operations were conducted in the main 
portion of the lake on March 11, 12, 13 and 14, and covered an area approximately 12,000 feet long and 
150 feet to 350 feet wide, extending from manhole 9 in the western end to manhole 22 near the east side. 
Geophysical subbottom investigations were conducted during the same period, but due to a lack of 
penetration the scope of coverage was reduced. The small boat surveyed the main canal with a 
magnetometer and single beam echo sounder on March 13 and with a single beam echo sounder and sides 
can sonar on March 14. This report describes the control used for the survey, data acquisition 
methodology and data processing procedures.  
 
2.0 PROJECT EXECUTION  

2.1 Datums and Project Control 

The horizontal datum for this project is the North American Datum of 1983 (NAD83), State Plane 
Coordinate System (SPCS), Oregon North Zone with units in International Feet. 
 
Vertical Datum for this project is the National Geodetic Vertical Datum of 1929 (NGVD29) with units in 
U.S Feet.  
 
Positioning and vertical control for this survey was provided by a real-time kinematic (RTK) global 
positioning system (GPS) with vertical observations based on the project datum. Existing control was 
provided by the client. An RTK GPS base station deployed at monument “GPS-DAM,” a 3-inch brass cap 
on the centerline of the dam at the eastern end of the lake. This base station was used to provide RTK 
GPS correctors to the rover GPS receiver aboard the survey vessel. A second control point, located at a 
park in the northwestern region of the lake, was only accessible by the small survey vessel. 

 

TABLE 1: PROJECT CONTROL COORDINATES 

NAD83 Oregon North Monument 
Designation North Int. Ft. East Int. Ft. Elev.Ft. (NGVD29) 
GPS-Dam 643,197.37 7,645,483.47 102.18 
GPS-Park 642,038.25 7,633,155.69 99.86 
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2.2 Positioning and Navigation 

Horizontal positions were acquired with an Applanix position and orientation system for marine vessels 
(POS/MV), combined, inertial and real-time kinematic Global Positioning System (RTK GPS) 
positioning and motion reference system. The POS/MV system integrates two GPS receivers with a 
motion reference unit. This system not only provides motion information (heading, roll, pitch, and heave) 
to compute X, Y, Z data from the multibeam sonar measurements; it also provides accurate inertial 
navigation through GPS outages for up to 30 seconds. The RTK GPS/inertial positioning system enabled 
the survey vessel to run near the shoreline without jeopardizing positioning integrity from satellite signal 
loss or multipath. A secondary RTK GPS consisting of a Trimble MS750 provided accurate water level 
height data during the survey. 
 
Position data was used in real-time to provide navigation information to the vessel operator and was time 
tagged and logged with multibeam and other ancillary data. The actual survey tracks are displayed with 
multibeam swath coverage in real-time on a monitor located at the helm to aid in a systematic survey of 
the area. 
 
2.3 Positioning Accuracy Verification 

Due to the shallow water approaching the control point in the park, only the small survey vessel was able 
to do a position check on that control point. In order to confirm the positioning systems were working 
properly and all navigation parameters correct, a temporary check point was established near the docking 
area beside the dam using the RTK system onboard the primary survey vessel. This common point was 
checked each day to ensure proper base setup and repeatability. It was also checked by the system on the 
jet sled, which then occupied the control point set at the park. Table 2 presents the differences obtained 
from RTK GPS observation to the accepted position on the project datum.   
 

TABLE 2: RTK GPS CONFIDENCE CHECKS 

Monument  Date  Vessel Delta Easting (X) 
Feet 

Delta Northing (Y) 
Feet 

Delta Elevation (Z) 
Feet 

TIED-BOLT* 03/11/08 Preston 0.04 0.04 -0.01 
TIED-BOLT* 03/12/08 Preston 0.02 0.06 -0.02 
TIED-BOLT* 03/13/08 Preston 0.01 0.07 -0.01 
TIED-BOLT* 03/14/08 Preston -0.02 0.02 0.03 
TIED-BOLT* 03/13/08 Sled 0.05 0.05 0.12 
TIED-BOLT* 03/14/08 Sled 0.00 0.00 0.00 
GPS-PARK 03/14/08 Sled -0.18 -0.06 0.10 

     *Held measured position from Jet Sled on 03/14/08: 7,645,523.10E, 643,225.96N, 102.261Z. 
 
2.4 Water Surface Monitoring  

As all bathymetric data is time tagged and recorded relative to the water surface, accurate water surface 
observations in the vicinity of the survey are required to account for water level changes. Water surface 
measurements were obtained by RTK GPS with on-the-fly (OTF) ambiguity resolution at a rate of five 
hertz (Hz).  A direct comparison was made between RTK observations and the water level staff gauge 
located near the docking area at the dam. (Table 3). 
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TABLE 3: COMPARISON OF RTK GPS VS WATER LEVEL GAUGE 

Observation Feet 
RTK GPS 98.71 

Tide Board Reading 98.75 
Difference 0.04 

 
RTK GPS water level observations were graphically viewed in Hypack MAX software and edited for 
outliers, artifacts from multipath, or loss of satellites. After editing, a 10-second average of RTK GPS 
observations was used for correcting multibeam soundings in CARIS Hydrographic Information 
Processing System (HIPS) to NGVD29 elevations.  
 
2.5 Survey Vessels and Crew 

The vessels for this survey were a 32-foot and 19-foot customized survey boats owned and operated by 
DEA. The primary vessel, John B Preston, is equipped with an integrated navigation and data acquisition 
system, and a custom mount for the SeaBat 8101 sonar head. The smaller vessel was used to navigate the 
main canal area with narrow access and low fixed bridges. The three man survey crew consisted of a 
geophysicist, a senior hydrographer and a vessel operator. Two of the crew were also ACSM certified 
hydrographers, one of whom was an Oregon professional land surveyor. 
 
3.0 HIGH-RESOLUTION BATHYMETRIC MAPPING 

3.1 Multibeam Data Acquisition 

Soundings were acquired with a Reson SeaBat 8101 multibeam bathymetric sonar using a frequency of 
240 kiloHertz (kHz). The system records 101 soundings in a single sonar ping. Additionally, DEA’s 8101 
includes options such as a stick projector and the ability to output side scan sonar imagery. The stick 
projector option on the Reson SeaBat 8101 improves the system performance in shallow water (depths 
less than 150 feet.). 
 
Multibeam data was acquired by running track lines parallel with the shorelines, effectively “painting” the 
survey area.  Sonar swaths were recorded at a rate of 10 Hz as the vessel transited along the survey track 
lines. The sonar head was mounted with a 15-degree roll offset to starboard to improve coverage up the 
bank during shoreline runs. Multibeam data in the deeper sections of the lake was clipped at 45 degrees 
(90-degree total swath width) during processing to improve data quality. Starboard side beams were set at 
higher angles when survey lines were run along the shoreline in order to look shoreward as far as 
possible. The total swath width of full coverage mapping in a single pass varied with the water depth. 
 
The most vital measurements in a multibeam survey are heading and roll angles. To account for vessel 
heading, heave (vertical movement), pitch and roll, an Applanix POS/MV motion reference sensor was 
used.  By utilizing vessel speed over ground and heading data provided by GPS, the POS/MV can isolate 
horizontal accelerations from vessel turns and provide highly accurate motion data. The POS/MV system 
was also used to record vessel heading (yaw) from which the sonar beam orientation was derived. The 
POS/MV provides a higher degree of accuracy for heading measurements than a conventional 
gyrocompass. 
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The navigation and survey control system was an industrial computer running Hypack MAX software.  
The system provided precise time tagging of the sensor data and real-time data displays for quality 
control. The Hypack MAX software also allowed the swath bathymetric data to be displayed as a painted 
color image on the navigation screen. This real-time display gave the hydrographer immediate indications 
of data quality and coverage.  
 
3.2 Multibeam Sonar Alignment Verification 

To confirm the draft of the sonar head, a lead line sounding was taken directly beneath the sonar head.  
The processed depths at the lead line site show agreement within 0.06 feet in approximately 14 feet of 
water. 
 
A patch test was conducted to determine the alignment bias between position and motion sensors with the 
multibeam sonar head and to compute any delays in the time-tagged sensor data. This consisted of a series 
of lines run in a specific pattern, which were used in pairs to analyze roll, pitch and heading alignment 
angles with the sonar swath, as well as latency (time delays) in the time tagging of the sensor data. Table 
4 lists the applied correctors for sensor bias determined through analysis of the patch test data. 
 

TABLE 4: CORRECTORS APPLIED TO SENSOR DATA 

Position Timing Pitch Roll Yaw 
0.000 Seconds 0.4 degrees 0.50 degrees -0.70 degrees 

 
To verify alignment bias values from the patch test values, data from overlapping adjacent multibeam 
swaths were examined in CARIS HIPS.   
 
3.3 Sound Velocity Profiling 

Detailed measurements of the sound velocity profile through the water column are crucial in multibeam 
surveys.  Changes in the velocity profile will not only affect acoustic distance measurements, but can also 
cause refraction or bending of the sonar path as it passes through layers in the water column with different 
velocities. For this survey, an Odom digibar sound velocity profiler was used to measure the speed of 
sound in the water as the probe was lowered to the lakebed. The velocity profile was applied to the 
multibeam data during processing.   
 
3.4 Bathymetric Data Processing 

Post-processing of multibeam data was conducted utilizing CARIS HIPS multibeam analysis and 
presentation software. Patch test data was analyzed and the alignment corrections were applied. The 
CARIS HIPS system allows simultaneous viewing of the side scan and multibeam data to analyze 
anomalies on the riverbed during post-processing. Water-level data was applied to adjust all depth 
measurements to project datum elevations from the RTK GPS processed water level data.  Sound velocity 
profiles were used to correct slant range measurements and compensate for any ray path bending.  
 
Processing began with review of each survey line using HIPS swath editor. Verified water surface 
correctors were applied to the data set at this time. Position and sensor data was reviewed and accepted.  
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Sounding data was reviewed and edited for data flyers. Sounding data, including sonar beams reflecting 
from sediment in the water column or noise due to aeration in the water column, were carefully reviewed 
before flagged as rejected. In each case, data was not eliminated and can be re-accepted in the future if 
required. 
 
After swath editing, all data was reviewed through the HIPS subset editing program to ensure no flyers 
remained in the data set, or to re-accept data previously flagged in the swath editor. In the HIPS subset 
editor, a set of lines was reviewed together for line-to-line comparison to ensure agreement to one another 
in a HIPS session.  
 
3.5 Multibeam Bathymetric Data Presentation 

A high resolution grid of the multibeam bathymetry was created and exported to an American Standard 
Code for Information Interchange (ASCII) XYZ file for contouring. The HIPS processing software was 
used to create a 3.0-meter grid of the survey area. This grid was created by a swath and distance weighted 
algorithm specific to high resolution multibeam bathymetric data. The gridded multibeam data was 
imported into Trimble’s TerraModel software for generation of 1-foot contours. Several sun-illuminated 
images were also generated and color coded by depth in CARIS HIPS. This presentation provides more 
detail of lakebed features than conventional contouring (Figure 1).  In this image pipeline alignments can 
clearly be delineated.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1:Hill shade image at 0.5-meter resolution of the eastern end of Lake Oswego.  
 

The contours and sun-illuminated image were imported into ESRI ARCGIS v9.2 for final mapping and 
delivery to Brown and Caldwell.  
 
3.6 Multibeam Bathymetric Data Description 

The elevations mapped in Lake Oswego varied from the shoreline at approximately 97 feet to the deepest 
areas in the center of the lake at an approximate elevation of 44 feet. The 1.8 million multibeam 
soundings were reduced to the final 54,500 xyz points representing the 3-meter (10-foot) final grid. This 
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data was compared to the previous survey and many areas of disagreement were noted. The lack of 
correlation between the surveys was most noticeable in areas of steep slopes and rock outcroppings. The 
shape of the multibeam hill shade image and contours match very well with the side scan imagery, but 
there appears to be an issue with the earlier survey, which causes the slopes to be mapped incorrectly. 
This may be due to offset errors or system latency, but without more documentation the reason for the 
errors can not be determined. In the areas of low relief the current multibeam data is showing elevations 
approximately 0.7 feet lower (i.e., deeper) than the previous single beam survey. Again, without more 
documentation on the survey equipment and procedures used for the earlier survey, a determination as to 
the cause of this discrepancy can not be made, but it could be related to draft settings, sound speed or 
vertical control. 
 
The multibeam data clearly reflects the morphology of the numerous bedrock exposures, which occur 
within the lake. In addition, the data shows the existing pipeline well. Heading eastward from manhole 11 
in to deeper water, there appear to be many numerous targets which are believed to represent relic tree 
stumps from earlier logging activity. Figure 2 is a 0.5 meter resolution image in which depicts the tree 
stumps and a portion of the existing pipeline near manhole 11. These features were designated as 
examined in the CARIS processing system which allowed them to be used in the generation of the hill 
shade images but excluded from the XYZ export or contouring.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2: Hill shade image showing numerous stumps east of manhole 11.  



Oswego Lake Interceptor Sewer Upgrade Project  March 2008 
Hydrographic and Geophysical Investigation 
 

David Evans and Associates, Inc.  7 

 
4.0  RIVER BED IMAGING 

4.1  Mobilization 

The side scan survey was conducted concurrently with several of the multibeam sonar transects. The 
equipment utilized for this survey included: 

 
 Edgetech 4200-FS Chirp side scan sonar 
 Triton Elics ISIS image processing system 
 Applanix POS/MV DGPS positioning system 
 Hypack integrated navigation system 

 
 
 
 
 
 
 
 
 

Figure 3. DEA’s Edgetech 4200 dual  
frequency side scan sonar towfish.  

 
 
4.2  Side Scan Sonar Theory of Operation 

Side scan sonars produce images of the seafloor based on the reflection of acoustic pulses that are 
transmitted in a fan shape beam out to the sides of the towfish (Figure 4). As the sound waves travel out 
to the port and starboard sides they are reflected off of objects they encounter along the way, first the 
seafloor and then off of objects on the seafloor at increasing distances. The returned acoustic signal is 
received by the port and starboard transducers and converted to an electrical voltage by the piezoelectric 
crystals, or elements, inside the transducer arrays. These voltage levels are recorded on an image 
processing system on the vessel relative to their time of arrival at the towfish. Every transmission of a 
sound pulse or “ping” produces a very narrow voltage versus time strip of reflected energy from the 
seafloor. As the sonar is towed along a transect line, above the seafloor, multiple strips are gathered and 
displayed to produce a map view acoustic image of the bottom, somewhat analogous to an aerial 
photograph. In aerial photographs the direction of the sun can produce shadows, in side scan images the 
acoustic pulse, where blocked by objects or the topography of the seafloor, there are “acoustic shadows”.  
 
The distance that can be mapped out from the sonar towfish is a function of the time between successive 
acoustic transmissions or “ping rate.” Typical ping rates are on the order of tenths of seconds, but can 
exceed four seconds on wide swath sonar systems. The actual distance the acoustic pulse can travel 
during one cycle is a function of the speed of sound in water. For typical seawater 1,500 meters per 
second is a generally accepted value. In one second an acoustic pulse can travel 1,500 meters, however, 
due to the fact that the signal needs to go out and be reflected back, the maximum distance is cut in half to 
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750 meters. Therefore, a 0.1 second ping rate would yield one tenth of this 750-meter theoretical range, or 
75 meters to port and starboard for a 150-meter total swath width. 
 
Side scan sonars are valuable tools because of their ability to image virtually 100% of the seafloor within 
the swath. The production of long shadows, which stand out well in the sonar image make this the 
preferred for search operations. Side scans can also show detailed outlines of bottom conditions such as 
sandwaves, boulder fields, pilings or debris, and changes in bottom types from fine silt to sand to gravel. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Side scan principle of operation.  
 

 
4.3  Instrument Deployment and Settings 

The side scan sonar was deployed off the stern A-frame of the survey vessel. Primary data acquisition was 
run on a 50-meter (164 feet) range per side for a full swath width of 100-meters (328 feet) on a 100-foot 
line spacing. This resulted in over 200% bottom coverage. The extensive coverage was collected to 
ensure imaging surficial objects on multiple passes and to allow the nadir stripe (center line below the 
towfish) of adjacent lines to be covered by overlap, in most instances, for production of a clean mosaic. 
Additional detailed data was collected at 25-meter ranges and wide area coverage, for an overview, at 
100-meter ranges.  
 
Towfish positioning was accomplished using differential global positioning system (DGPS) combined 
with cable length measurements. An onboard integrated navigation system (INS) recorded all navigation 
data and also produced a helm display showing the planned lines and distance right or left of line for 
accurate steerage of the vessel. The INS was also used to display background information such as the 
multibeam bathymetric hillshade map, which helped the survey crew plan operations and anticipate 
bottom changes. The primary data recording system was the ISIS image processing system which 
recorded navigation data supplied by the Hypack INS, as well as, the sonar data. The data format was 16-
bit XTF (extended triton format), which is a well established industry format that can be read by a wide 
range of image processing systems.  

Side Scan Sonar
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The survey crew monitored all systems during acquisition to assess data quality and initial feature of 
interest. The side scan data quality was generally estimated at very good to excellent. 
 
4.4  Data Processing 

The side scan sonar data was processed using SonarMAP software by Chesapeake Technologies. The  
data from individual lines where imported into the system where they are displayed as georectified swaths 
on the screen in project coordinates (NAD83, OR - State Plane-North, Int. Feet). Each swath was adjusted 
for time varying gain (TVG) to produce an even return across the swath, bottom tracked (for proper slant 
range correction) and adjusted spacially based on cable out records and known features (i.e., bridge piers, 
existing outfall, lakeshore features from aerial photos, etc). The geophysicist compiled the 
stacking/overlap order in the software to produce a complete image of the lake bottom. When the process 
was completed a geocorrected image of the entire lake was output in GeoTiff format at a 1.0-foot pixel 
resolution. Additional detailed images of the eastern end and the main canal were produced at 0.5-foot 
and 0.25-foot resolutions, respectively. The final georeferenced images were imported into the ESRI 
ARCGIS and then delivered to Brown and Caldwell. 
 
4.5  Data Interpretation 

The data quality of the side scan was good to very good. Due to several environmental factors (ie, glassy 
conditions, cold fresh water and the extremely hard and reflective rock outcrops surrounding the site, 
there were a few occurrences of “ghosts” images or multiple reflections in the side scan data. The side 
scan images clearly delineated: changes in lake bottom sediment types (fine, coarse and rock), existing 
pipelines, rock outcrops, debris, stumps and logs resting on the bottom. Figure 5 is an example of 1.0-
meter resolution sonar mosaic from the center portion of the lake. Dark colored areas represent weak or 
low acoustic return. Bright colored areas indicate strong acoustic return (rock or metal, etc.) The pipeline 
and supports are seen approaching manhole 14 on the north side of the lake. Note the acoustic shadows 
behind pipeline cast from each support. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 5: Example of 1.0-meter resolution sonar mosaic from the center portion of Lake Oswego.  
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5.0  GEOPHYSICAL INVESTIGATION 

5.1  Equipment 

The seismic profiling operations were conducted from Preston concurrently with some of the multibeam 
transects. The seismic systems included: 

 EdgeTech 512i Chirp Subbottom Profiler with DISCOVER software 
 Triton Elics ISIS image processing system 
 Trimble RTK GPS positioning system 
 Hypack integrated navigation system 

 
 
5.2  Instrument Deployment and Settings 

The large chirp towfish was deployed from the A-frame and 
the hydraulic winch was used to adjust the towing depth. Data 
from the chirp profiler was only recorded in Edgetech 
Proprietary Data Format (JSF) format using the Discover 
software. 
 
Very little subbottom penetration was achieved with the 
subbottom profiling system due to a very “acoustically dense” 
layer at the lake bottom which is assumed to be a gas or 
vegetative layer which reflects all acoustic energy. In a small 
“gas free” zone, just east of manhole 11, the chirp data showed 
the penetration and quality the system was capable of under 
better conditions. Figure 6 is a Chirp record where the bottom 
changes from gas free on the left to gas charged on the right 
(depths in meters, not adjusted to project datum). On left side, 
approximately 25 meters of well layered sediments overly 
probable bedrock. On right, strong bands represent multiple 
returns from acoustic energy reverberating in the water 
column.  
 

Figure 6. Example of 400 – 4500 Hz,  
50ms pulse, Chirp record 
 
A series of high-frequency chirp transects were made in the area between manholes 9 and 10. This data 
indicated the existence of very fine material up to approximately one foot in thickness overlying the next 
deeper acoustic reflector. This zone of material may hamper heavy equipment operating in this are during 
the draw down phase of the project. 
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5.3  Operations 

All vessels and equipment were decontaminated at a local facility according to Lake Corp requirements. 
Test runs to assess various equipment configurations were made on March 11. Weather conditions were 
generally fair and the lake was calm and held at a very steady elevation by the dam controllers for the 
entire period of the survey operations. Survey speed was generally held at two knots to three knots over 
the ground.  
 
5.4  Main Canal Operations 

Additional survey operations were conducted up the main canal using the 19-foot jet sled as the survey 
vessel. These surveys were conducted with a dual frequency ODOM Mark III echo sounder operating at 
200/24 kHz. Positioning was accomplished with RTK GPS with the Preston acting as a repeater to help 
boost the radio signal from the base station located at the east end of the lake. In the evening of March 13 
a transect was made approximately 3,500 feet up main canal, as far as accessible by the sled, and back. 
During this pass, single beam bathymetry and magnetometer data were collected. The magnetometer was 
a Marine Magnetics SeaSPY and recorded the earth’s total field readings at a rate of 5 Hz. The 
magnetometer data showed numerous deflections, many of which cross correlated with as-built drawings 
of the laterals, but was not definitive enough to prove overly useful to the project. 
 
In the afternoon of March 14 another transect was made up and back in main canal. This pass included 
single beam bathymetry, as before, and sidescan sonar. The side scan sonar was operated on a 25-meter 
range and deployed on PVC floats 2-meters astern of the RTK antenna on the starboard side of the vessel. 
The data was recorded in an ISIS image processing and mosaic into a 0.25-foot resolution GeoTiff image 
and delivered to Brown and Caldwell. 
 

6.0  SUMMARY 

The hydrographic and geophysical investigation conducted for planning the new sewer interceptor across 
Lake Oswego was successful in depicting surficial bottom conditions and lake bed morphology in the 
areas of interest. The subbottom profiler data yielded little data due to the environmental conditions, 
which limited penetration in almost all areas of the lake. The side scan sonar imagery and multibeam 
bathymetry show a relatively benign bottom punctuated by significant rock outcrops in the central and 
eastern section of the lake. In addition, the side scan imagery documents the present bottom conditions, 
and in combination with the detailed multibeam bathymetry, becomes part of an established baseline to 
which future surveys can be compared after construction activity is concluded.  
 
 




